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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 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)):

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]

2 Rel-16 NR Positioning Overview
Positioning was specified in Rel-16 with a multitude of features to support RAT-dependent positioning 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 NR Positioning framework primarily catered to the regulatory and commercial requirements. 
Observation 1: Overall Rel-16 target requirements for horizontal and vertical accuracy were between 3-10m.

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 framework for UE-based and UE-assisted positioning techniques has also been adapted to be beam-centric. 
Table 1 and Table 2 shows the summarized reference signal and measurements supported for the RAT-dependent positioning techniques in Rel-16 at the UE and gNB respectively [2].
Table 1: UE Measurements to enable positioning techniques [2]
	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID


Table 2: gNB Measurements to enable positioning techniques [2]
	DL/UL Reference Signals
	gNB Measurements
	To facilitate support of the following positioning techniques

	Rel.16 SRS for positioning
	UL RTOA
	UL-TDOA

	Rel.16 SRS for positioning
	UL SRS-RSRP
	UL-TDOA, UL-AoA, Multi-RTT

	Rel.16 SRS for positioning/ Rel.16 DL PRS
	gNB Rx-Tx time difference
	Multi-RTT

	Rel.16 SRS for positioning,
	AoA and ZoA
	UL-AoA, Multi-RTT


It should be noted that the PRS and SRS can be used for different measurements according to the selected DL-based and UL-based positioning techniques. 

Observation 2: Rel-16 supports various RAT-dependent positioning techniques which require DL-only, UL-only and both DL and UL based measurements.
3 Positioning in Indoor Factory (InF) Environments 

3.1 Scenarios & Requirements
As highlighted earlier, the SID for NR positioning enhancements mainly focuses IIoT scenarios which necessitate positioning within indoor factory environments with stringent latency (Time to First Fix), high reliability (position estimate with a high confidence of accuracy), scalability and device efficiency. 
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Figure 1: Typical Indoor Industrial Scenario

The performance challenges of indoor positioning have been well established due to factors such as a higher probability of NLOS signals, and high variability of the environment (movement objects and people) [3]. Figure 1 depicts a conventional indoor Industrial floor plan defined by the 5G Alliance for Connected Industries and Automation (5G-ACIA) [4]. The topology can be broadly differentiated on four areas based on Figure 1 and these include the storage/warehouse area, production area, assembly line area and commissioning area. Each of the areas are characterised by various sizes and different levels of “clutter” density, which indicates the density of various industrial objects, e.g. assembly lines, storage shelves, machinery. The positioning performance will be impacted by the clutter density in each of the areas partly due to the LOS/NLOS conditions.
The enhancements to be studied for NR positioning should satisfy the key positioning requirements in terms of accuracy, reliability, latency and availability as laid out in Table 3 [5]. 
Table 3: Positioning Performance Requirements [5]
	Scenario
	Horizontal accuracy
	Vertical accuracy
	Availability
	Heading (rad)
	Latency for position estimation of UE
	UE Speed (km/h)

	Mobile control panels with safety functions (non-danger zones)
	< 5 m
	< 3 m
	90 %
	N/A
	< 5 s
	N/A

	Process automation – plant asset management
	< 1 m
	< 3 m
	90 %
	N/A
	< 2 s
	< 30

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1 m (relative positioning)
	N/A
	99 %
	N/A
	1 s
	< 30

	Augmented reality in smart factories
	< 1 m
	< 3 m
	99 %
	< 0,17
	< 15 ms
	< 10

	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	< 3 m
	99,9 %
	< 0,54
	< 1 s
	N/A

	Flexible, modular assembly area in smart factories (for autonomous vehicles, only for monitoring proposes)
	< 50 cm
	< 3 m
	99 %
	N/A
	1 s
	< 30

	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of indoor autonomous driving systems))
	< 30 cm (if supported by further sensors like camera, GNSS, IMU)
	< 3 m
	99,9 %
	N/A
	10 ms
	< 30

	Inbound logistics for manufacturing (for storage of goods)
	< 20 cm
	< 20 cm
	99 %
	N/A
	< 1 s
	< 30


The scenarios in Table 3 are generally characteristic of indoor industrial factory environments. Scenarios including inbound logistics for manufacturing would require end-to-end latencies as low as 10ms, while requiring a horizontal and vertical accuracy of less than 0.2m.  
Rel-16 NR positioning did not adequately consider the impacts of latency and reliability in obtaining the positioning estimate, and can therefore be tackled as part of the Rel-17 enhancements.  These additional KPIs are critical in the various IIoT application areas where automated machineries and industrial devices require precise and reliable positioning/tracking with ultra-low delay. Figure 2 shows the various application areas such as AGVs, assembly line, robot motion control and inventory management, which require the inclusion of the aforementioned KPIs for enhanced positioning.  
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Figure 2: Application areas in an indoor factory setting [6]

Observation 3: It is evident that the requirements for IIoT scenarios to be supported in Rel-17 are much more stringent than the commercial and regulatory requirements in Rel-16.
3.2 Key Positioning KPIs

Regarding the scope of the SID, the integrity and reliability of signalling assistance data and position information has already been defined in the SID, which is under the scope of RAN2 [1]. Therefore, latency of the physical layer signalling and procedures can be the primary focus from a RAN1 perspective, however it can be discussed if there are any independent RAN1 positioning reliability issues to be considered.
Proposal 1: Consider the latency of obtaining a UE position estimate in addition to accuracy as one of the key KPIs for the NR Positioning enhancement design in Rel-17. 
Proposal 2: Integrity and reliability of the assistance data and position estimate is under RAN2 scope and RAN1 to confirm if there are any standalone physical layer and measurement impacts related to positioning reliability.

The next issue would be to define the end-to-end latency evaluation criteria of obtaining a UE’s position estimate, e.g. from the instance of transmitting the positioning request to computing the location estimate. The latency components arising from signalling exchanges between the LMF, gNB and UE would also have to be analysed. Such signalling exchanges include the messages related to resource configuration and measurement reports for different DL-based and UL-based RAT-dependent positioning techniques. Similar to a GNSS receiver’s Time To First Fix (TTFF), the latency should be analysed in terms of computing a UE’s position estimate based on the received RS measurements for UE-based and UE-assisted positioning methods. The overall latency for computing the estimated location of the UE could be broadly divided based on the latency induced by: 

· Physical layer procedures (processing time) and signalling, (RAN1)
· Assistance data signalling (RAN2) and 
· Core Network signalling (RAN3+SA2).
In order to better understand, the associated impacts to the overall latency for obtaining a position estimate, consider splitting the latency analysis according to the different entities/layers involved in positioning. 

Proposal 3: RAN1 to define the Layer-1 contribution to the overall latency of computing the position estimate of a UE based on the supported RAT-dependent positioning techniques. 
3.3 Potential Areas of Enhancement
A initial step would be to prioritise NR positioning enhancements which would enable the satisfaction of the KPIs presented in Table 3. This should be based on the baseline Rel-16 RS design and measurement framework as defined in the SID [1]. 
As a result, the following areas of potential enhancements for IIoT positioning in Rel-17 have been identified: 
Towards low latency positioning

In Rel-16, DL-only UE-based positioning (including RAT-dependent methods) was agreed to be supported [7], 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 obtaining the location estimate from the network. The Rel-17 SID should aim to target enhancements especially for DL-only UE-based positioning methods. In the case of UE-assisted positioning techniques, possible reduction in the network latency may be realised by having a local LMF in NG-RAN through the LMC entity and the proposed architectures have been found feasible by RAN3 [8]. The limited geographic area in an IIoT scenario offers the opportunity for such a deployment, in addition to tight synchronization among RAN nodes, which is beneficial for, e.g. DL-TDOA and UL-RTOA methods.  
Positioning accuracy and reducing PRS overhead
One of the key objectives in Rel-17 should be to further investigate aspects related to the PRS and positioning SRS design and measurement framework in order to achieve sub meter horizontal and vertical accuracy required in IIoT scenarios, which would be an improvement on the Rel-16 requirements mentioned in Section 2. At the same time, the number of UEs performing positioning within such scenarios within a limited geographic area can be quite high, when compared to an outdoor scenario and therefore additional enhancements to reduce PRS overhead need to be studied to ensure that the stringent positioning requirements may be satisfied. Furthermore, this overhead may scale up when performing PRS transmissions in FR2 and beyond using a significant number of beams and therefore the PRS resources should be efficiently managed, while considering the desired accuracy vs overhead trade-off. 
Positioning using multiple techniques
According to inbound logistics for indoor autonomous driving (applicable to AGVs) in Table 3, positioning techniques supported with sensors (camera, IMU) have been recommended to achieve a horizontal accuracy <0.3m. In order to perform effective NR positioning in an indoor and high clutter environment with a large amount of UEs, while satisfying the stringent requirements, the different Rel-16 positioning techniques as shown in Table 1 would have to be leveraged in combination with each other to improve accuracy as well as provide a scalable solution. The high probability of NLOS may degrade certain positioning techniques and further enhancements to exploit different combination of RAT-dependent and RAT-independent positioning techniques depending on the scenario should be further studied within the IIoT context as the issue of positioning hybridization was already covered during the Rel-16 study phase [7].  

Mobile UEs
Due to the dynamic nature of an indoor factory environment, relative positioning has also been identified as a key positioning measure to deal with the tracking/positioning of multiple mobile UEs e.g. different AGVs with planned routes or for tool tracking purposes (see Table 3). Rel-17 NR positioning should include corresponding support for positioning techniques that provide accurate relative positioning estimates of mobile UEs in addition to absolute location estimates. The enhancements for Rel-17 NR positioning should consider enhancements that support relative positioning and tracking of mobile UEs in different IIoT scenarios. 
Device Efficiency
During the Rel-16 NR positioning study phase [7], 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 possible area of enhancement would be to support energy efficient mechanisms for performing either UE-based or UE-assisted positioning. Current positioning acquisition can only operate while in RRC_CONNECTED state in order to exchange positioning-related information via an LPP session and may decrease device efficiency for UEs with limited battery capabilities, which are required in IIoT applications such as asset tracking management where a device with a 10-15 year battery life is required. 
Proposal 4: RAN1 to kindly consider the following areas of enhancement for Rel-17 NR positioning:

· Study UE-based positioning technique enhancements for low latency positioning

· Aim to reduce PRS overhead for scalable positioning techniques

· Consider a combination of multiple positioning techniques for increasing positioning performance

· Enhanced support for relative positioning and tracking
· Enable energy efficient positioning mechanisms
4 Conclusion
The observations and proposals related to Rel-17 NR positioning enhancements are summarized as follows:

Observation 1: Overall Rel-16 target requirements for horizontal and vertical accuracy were between 3-10m.

Observation 2: Rel-16 supports various RAT-dependent positioning techniques which require DL-only, UL-only and both DL and UL based measurements.
Observation 3: It is evident that the requirements for IIoT scenarios to be supported in Rel-17 are much more stringent than the commercial and regulatory requirements in Rel-16.

Proposal 1: Consider the latency of obtaining a UE position estimate in addition to accuracy as one of the key KPIs for the NR Positioning enhancement design in Rel-17.

Proposal 2: Integrity and reliability of the assistance data and position estimate is under RAN2 scope and RAN1 to confirm if there are any standalone physical layer and measurement impacts on reliability.
Proposal 3: RAN1 to define the Layer-1 contribution to the overall latency of computing the position estimate of a UE based on the supported RAT-dependent positioning techniques.
Proposal 4: RAN1 to kindly consider the following areas of enhancement for Rel-17 NR positioning:

· Study UE-based positioning technique enhancements for low latency positioning
· Aim to reduce PRS overhead for scalable positioning techniques

· Consider a combination of multiple positioning techniques for increasing positioning performance

· Enhanced support for relative positioning and tracking
· Enable energy efficient positioning mechanisms
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