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Abstract: The LPHAP requirements of the relationship between Low Power and High Accuracy Positioning need to be clarified.
1. Introduction
In Rel-18, the LPHAP(Low Power High Accuracy Positioning) requirements are introduced in TS 22.261 and TS 22.104.
During the Stage 2 work, SA2 sends a LS (S2-2303414) to SA1 to ask for the clarification about LPHAP:
In the study phase of release 18 eLCS_Ph3 work item, SA2 discusses the key issue “support of low power and/or high accuracy positioning” and concludes the solution only targeting the aspect of “low power and high accuracy”. However, in the normative phase (February meeting) discussion, some companies proposed to consider another aspect of LPHAP, i.e. “low power or high accuracy” positioning.

SA2 kindly ask RAN1 and RAN2:
whether the study on “low power or high accuracy” positioning is in the release 18 RAN working scope. If yes, SA2 would like to ask RAN1 and RAN2 to provide the feedback on the architectural impact.

SA2 kindly ask SA1:
whether SA1 specifies the requirement on “low power or high accuracy” positioning in release 18.

2. Discussion
In TS22.104 v18.3.0, Table 5.7.1-1: Positioning performance requirements does not include Service Level 1 (Horizontal accuracy is 10m), since Service Level 1 is not regarded as high accuracy positioning. 
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High accuracy positioning is becoming essential for Factories of the Future. The reason for this is that tracking of mobile devices as well as mobile assets is becoming increasingly important in improving processes and increasing flexibility in industrial environments.
The 5G system shall provide positioning information for a UE that is out of coverage of the network, with accuracy of < [1 m] relative to other UEs that are in proximity and in coverage of the network.
Table 5.7.1-1 below lists typical scenarios and the corresponding high positioning requirements for horizontal and vertical accuracy, availability, heading, latency, and UE speed.
NOTE:	The column on "Corresponding Positioning Service Level in TS 22.261" maps the scenarios listed in Table 5.7.1-1 to the service levels defined in TS 22.261 [2].
Table 5.7.1-1: Positioning performance requirements
	Scenario
	Horizontal accuracy
	Vertical accuracy
	Availability
	Heading
	Latency for position estimation of UE
	UE speed
	Corresponding Positioning Service Level in TS 22.261

	Mobile control panels with safety functions (non-danger zones)
	< 5 m 
	< 3 m
	90 %
	n/a
	< 5 s
	n/a
	Service Level 2

	Process automation – plant asset management
	< 1 m
	< 3 m
	90 %
	n/a
	< 2 s
	< 30 km/h
	Service Level 3

	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 km/h
	Service Level 3

	Augmented reality in smart factories
	< 1 m
	< 3 m
	99 %
	< 0.17 rad 
	< 15 ms
	< 10 km/h
	Service Level 4

	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	< 3 m
	99.9 % 
	< 0.54 rad
	< 1 s
	n/a
	Service Level 4

	Flexible, modular assembly area in smart factories (for autonomous vehicles, only for monitoring purposes)
	< 50 cm
	< 3 m
	99 %
	n/a
	1 s
	< 30 km/h
	Service Level 5

	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 km/h
	Service Level 6

	Inbound logistics for manufacturing (for storage of goods)
	< 20 cm
	< 20 cm
	99 %
	n/a
	< 1 s
	< 30 km/h
	Service Level 7



In TS22.104 v18.3.0, Table A.7.2-1: Low power high accuracy positioning use cases has 9 use cases. The Horizontal accuracy of Use Case 1 and 9 are 10m (Service Level 1), which is not for high accuracy positioning, but can be regarded as Low power positioning.
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Low power high accuracy positioning is an integral part of a considerable number of industrial applications. The total energy needed for a specific operation time for such a low power high accuracy positioning optimized IoT-device is a combination of energy for positioning (varies depending on the used positioning method), energy for communication/‌synchronization and a difficult to predict factor to take additional losses through e.g. security, power management, microcontroller, and self-discharge of batteries into account. 
Examples of target applications for low power high accuracy positioning are asset tracking in process automation, tracking of vehicles, and tool tracking. 
Table A.7.2-1 gives an indication of the required operation time of the 5G enabled IoT device and duty cycle of the updated position information for different use cases.
Table A.7.2-1: Low power high accuracy positioning use cases
	Use Case #
	Horizontal accuracy
	Corresponding service level (22.261)
	Positioning interval/ duty cycle
	battery life time/ minimum operation time

	1
	10 m
	Service Level 1
	on request
	24 months

	2
	2 m to 3 m
	Service Level 2
	< 4 seconds
	> 6 months

	3
	< 1 m
	Service Level 3
	no indication
	1 work shift - 8 hours (up to 3 days, 1 month for inventory purposes)

	4
	< 1 m
	Service Level 3
	1 second
	6 - 8 years

	5
	< 1 m
	Service Level 3
	5 seconds - 15 minutes
	18 months

	6
	< 1 m
	Service Level 3
	15 s to 30 s
	6 - 12 months 

	7
	30 cm
	Service Level 5
	250 ms
	18 months

	8
	30 cm
	Service Level 5
	1 second
	6 - 8 years (no strong limitation in battery size)

	9
	10 m
	Service Level 1
	20 minutes
	12 years (@20mJ/position fix)



Use case one
Process automation: Dolly tracking (outdoor).
Use case two
Process automation: Asset tracking.
Use case three
Flexible modulare assembly area: Tool tracking in flexible, modular assembly areas in smart factories.
Use case four
Process automation: Sequence container (Intralogistics).
Use case five
Process automation: Palette tracking (e.g. in turbine construction).
Use case six
Flexible modulare assembly area: Tracking of workpiece (in- and outdoor) in assembly area and warehouse.
Use case seven
Flexible modulare assembly area: Tool assignment (assign tool to vehicles in a production line, left/right) in flexible, modular assembly area in smart factories.
Use case eight
Flexible modulare assembly area: Positioning of autonomous vehicles for monitoring purposes (vehicles in line, distance 1.5 meter).
Use case nine
(Intra-)logistics: Asset tracking

3. Proposal
It is proposed to clarify that LPHAP includes ‘Low Power and High Accuracy Positioning’ and ‘Low Power Positioning’ in TS 22.104 for Rel-18 and Rel-19.
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