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Introduction
In RAN#86 meeting, a new study item for NR positioning enhancements was approved [1], in which the motivation to provide higher accuracy location requirements resulting from new applications and industry verticals was justified. In RAN1#101 e-meeting, the target positioning requirement for both IIoT use cases and common commercial use cases were intensively discussed, and the following agreement was made [2]:
	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


In RAN1#102-e meeting, several rounds of intensive discussions were made regarding the target positioning requirements, especially the ones for IIoT use cases; however, the interim discussions were quite diverse and no consensus was made. In this contribution, we continually provide our views on the remaining target positioning requirement for IIoT use cases, based on the latest update from the last meeting.
Target positioning requirements
In Rel-16, a series of positioning techniques were evaluated and specified in order to support the demanding requirements of general commercial use cases, which is able to achieve horizontal positioning requirements of less than 3m and less than 10m for 80% of UEs in indoor and outdoor scenarios, respectively.
With the advent of the new applications and vertical industries, obtaining precise location information is characterized as a core part of the network capability, which triggers greater demands on higher accuracy positioning. In TS 22.261, a wide range of NR positioning services and applications are specified and categorized into 7 different service levels, in which the captured requirements of the positioning accuracy (including both horizontal and vertical accuracy) can be precisely up to sub-meter level (e.g., 0.2m) [3]. For the target requirements of the Rel-16 positioning, a large performance gap is notified. 
In the new SID, a positioning enhancement for IIoT indoor factory scenarios was justified. In TR 22.804, eight IIoT use cases including factory automation, process automation, and logistics and warehousing are identified, with each of them having different performance requirements in terms of horizontal accuracy, latency, and availability, as shown in then Appendix [4]. According to our preliminary investigation in smart factory industries, one of the most promising use cases is the logistics and warehousing. A typical service, for example, is to automatically store and retrieve materials and goods onto and from shelves by using automated guided vehicle (AGV) or forklifts, etc., for which the accurate positioning of the stored goods as well as the autonomous driving machines is of high importance. 
Observation 1: The target positioning accuracy for IIoT use case is identified as < 0.2m both by SA and in the new SID.
In the last two meetings, the target positioning requirements were intensively discussed. However, companies shared diverse opinions for the horizontal and vertical positioning accuracy for IIoT use cases. 
In RAN1#101-e meeting, several companies with conservative views on the positioning accuracy commented that it is unable to achieve the target performance if the target value goes to less than 0.2m, and therefore candidate values of less than 0.5m for horizontal accuracy and less than 1m for vertical accuracy were added in the agreement. To our understanding, unlike Rel-16, where the requirements were defined in the SI phase. It indicates that by the end of the study phase, conclusions should be made that the Rel-16 positioning requirements can be achieved in the TR 38.855 [5]. However, in the Rel-17, we are discussing the target performance, which implies that the goal of the study phase is to define a target and identify the performance gap by using the specified Rel-16 techniques. With the identified gap, potential enhancements will be considered in the work item phase so that the target positioning requirements can finally be achieved with the Rel-17 enhancements. According to the initial evaluation results provided by many companies, we believe that the horizontal and vertical positioning accuracy of less than 0.2m is able to achieve, at least, in the ideal InF-SH scenario. Therefore, regarding the positioning accuracy for IIoT use cases, we propose that:
Proposal 1: 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 m
· Vertical position accuracy (< Y m) for 90% of UEs
· Y =0.2 m
· End-to-end latency for position estimation of UE (< 100 ms)
· Physical layer latency for position estimation of UE (< [10] ms)
In RAN1#101-e meeting, a common understanding was made that only one target performance is defined for the IIoT use cases, while it may not be achieved under all the evaluation scenarios. However, in RAN1#102-e meeting, since companies still cannot make consensus on a satisfied value, the latest FL proposal (update#3) was trying to define multiple target performance requirements with respect to different service levels, and the specific accuracy and latency value for each service level may be up to each company to provide. From our perspective, it brings little benefit and may cause confusion on capturing the evaluation results in the TR, and on identifying the performance gap. To make progress, one reasonable proposal that we can agree is to define different target performance under different scenarios. Similar as what we did in Rel-16, where two different positioning requirements were respectively defined for indoor and outdoor scenarios, in Rel-17 IIoT use case, we can define two different target positioning performance for InF-SH and InF-DH scenarios as well.
Proposal 2: In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy < 0.2 m for 90% of UEs in InF-SH scenario
· Vertical position accuracy < 0.2 m for 90% of UEs in InF-SH scenario
· Horizontal position accuracy < 0.5 m for 90% of UEs in InF-DH scenario
· Vertical position accuracy < 1 m for 90% of UEs in InF-DH scenario
· End-to-end latency for position estimation of UE (<100 ms)
· Physical layer latency for position estimation of UE (< [10] ms)
[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss the remaining issues on the target positioning accuracy, and the following observation and proposals are provided:
Observation 1: The target positioning accuracy for IIoT use case is identified as < 0.2m both by SA and in the new SID.
Proposal 1: 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 m
· Vertical position accuracy (< Y m) for 90% of UEs
· Y =0.2 m
· End-to-end latency for position estimation of UE (< 100 ms)
· Physical layer latency for position estimation of UE (< [10] ms)
Proposal 2: In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy < 0.2 m for 90% of UEs in InF-SH scenario
· Vertical position accuracy < 0.2 m for 90% of UEs in InF-SH scenario
· Horizontal position accuracy < 0.5 m for 90% of UEs in InF-DH scenario
· Vertical position accuracy < 1 m for 90% of UEs in InF-DH scenario
· End-to-end latency for position estimation of UE (<100 ms)
· Physical layer latency for position estimation of UE (< [10] ms)
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Appendix
Positioning Service Performance Requirements
[bookmark: _Ref28427115]Table 8.1.7 Positioning Service Performance Requirements (TR 22.804)
	Scenario
	Horizontal accuracy 
	Availability
	Heading 
	Latency for position estimation of UE
	UE Mobility 

	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	99.9% 
	< 0,54 rad
	< 1 s
	N/A

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

	Augmented reality in smart factories 
	< 1 m
	99%
	< 0,17 rad 
	< 15 ms
	< 10 km/h

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

	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems) ) 

	< 30 cm (if supported by further sensors like camera, GNSS, IMU) 
	99.9%
	N/A
	10 ms
	< 30 km/h

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

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

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