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Introduction
Energy efficient provision of positioning services allows battery-constrained UEs to sustain a long lifetime without changing battery. Such a UE may have low communication capability with highly accurate positioning capability. 
Description
Low power high accuracy positioning is an important requirement for industrial applications. 3GPP Rel-17 mainly enhances the accuracy and reduces the latency of position estimation for IIoT scenarios, e.g. reaching accuracy of 0.2 m at 90 % availability and at a latency of position estimation of 10~100 ms, but the device power consumption aspects are not properly addressed. 

The Release 17 version of 3GPP SA1 TS 22.261 (v17.4.0) captures in clause 7.3.2.3 low power requirements for asset tracking and use cases of this sort as:

· The 5G system shall support positioning technologies that allow the UE to operate at Service Level 1 for at least 12 years using less than 1800 mWh of battery capacity, assuming multiple position updates per hour. 

This requirement came from an industry scenario, and two accompanying notes in the same clause further explain the expected quantitative KPI to achieve the expected low power performance as 20 mJ per positioning fix. 

As more industries continue to explore the adoption of positioning service in their environment, it becomes more important that using the 5G positioning services should not entail significant change in the primary process (e.g. OPEX to accommodate manual replacement of batteries) in the long run. This makes the longevity of a positioning device paramount, especially for use cases requiring more frequent positioning. Low power high accuracy positioning addresses power efficiency and battery lifetime aspects for positioning services for industries. The outcome is captured in Annex A.7.2 of TS 22.104 [1] (Rel-18). Table A.7.2-1 [1] contains the low power aspects per use-case category in terms of battery lifetime, accompanied by the required positioning service level as defined in TS 22.261 [2] and expected positioning update frequency (also in Table 1 below).

It is important low power consumption should be achieved not at the cost of positioning accuracy. Low power high accuracy positioning should satisfy both power efficiency and positioning accuracy aspects, so that many industrial applications are covered, e.g. use case #6 (Flexible modular assembly area: tracking of workpiece (indoor and outdoor) in assembly area and warehouse) in 3GPP TS 22.104 [1] Annex A.7.2 (also in Table 1 and Table 2 below). Therefore, 5G NR should support low power consumption while keeping high positioning accuracy, for example:

· Horizontal accuracy <1 m, vertical accuracy <2 m, positioning service availability at 99% 
· 15-30 s positioning interval

· 6-12 months battery life
The table below includes the identified use cases that require low-power high accuracy positioning (TS 22.104 [1], Table A.7.2-1). Further positioning KPIs can be derived from the corresponding positioning service levels provided for each use case in Table 1.

Table 1: Low power high accuracy positioning KPIs (from TS 22.104 [1], Table A.7.2-1)

	Use Case #
	Horizontal accuracy
	Corresponding positioning service level (TS 22.261)
	Positioning interval/ duty cycle
	battery life time/ minimum operation time

	1 
	10 m
	Positioning Service Level 1
	on request
	24 months

	2
	2 m to 3 m
	Positioning Service Level 2
	< 4 s
	> 6 months

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

	4
	< 1 m
	Positioning Service Level 3
	1 s
	6 - 8 years

	5
	< 1 m
	Positioning Service Level 3
	5 s to 15 min
	18 months

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

	7
	30 cm
	Positioning Service Level 5
	250 ms
	18 months

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

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


Table 2: Use cases for low power high accuracy positioning (cf. TS 22.104 [1], clause A.7.2)

	Use Case #
	Use Case Name / Brief Description

	1
	Dolly tracking (outdoor) (process automation)

	2
	Asset tracking (process automation)

	3
	Tool tracking in flexible, modular assembly areas in smart factories

	4
	Sequence container (Intralogistics) (process automation)

	5
	Palette tracking (e.g. in turbine construction) (process automation)

	6
	Tracking of workpiece (indoor/outdoor) in assembly area and warehouse (flexible modular assembly area)

	7
	Tool assignment (assign tool to vehicles in a production line, left/right) in flexible, modular assembly area in smart factories (flexible modular assembly area)

	8
	Positioning of autonomous vehicles for monitoring purposes (vehicles in line, distance 1.5 m) (flexible modular assembly area)

	9
	Asset Tracking ((Intra-)logistics)
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