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1 Introduction
A new release-18 study item on expanded and improved NR positioning was approved in RANP#94e meeting in December 2021 [1]. The study item has several objectives, in which one of them is related to supporting Low Power High Accuracy Positioning (LPHAP). 

	
· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state






At RAN1#109, a set of agreements related to evaluation assumptions and reference scenarios for evaluation of LPHAP techniques was made, It was also confirmed in an agreement that use case 6 defined in TS 22.104 is the single representative use case for the study of LPHAP.

RAN2 has not discussed any Rel-18 topics yet, and the upcoming RAN2#119e meeting is the first one to discuss amongst other this topic.

In this contribution, we discuss the potential positioning methods needed to support LPHAP for the use-case 6, agreed to the single representative use case for the study of LPHAP.  

2 Discussion  

The use case 6 as the representative use case for the study of LPHAP mentioned above in the SID [1] is taken from chapter A.7.2 [2] and as shown below: 

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)



The use case 6 refers to flexible modular assembly area: Tracking of workpiece (in- and outdoor) in assembly area and warehouse. According to the above table, use-case 6 requires sub-meter horizontal accuracy, relatively long positioning interval, and relatively long battery life. This is basically quite stringent positioning requirements in accuracy, latency, and power consumption. It may not be fulfilled by the current positioning technique.

In the previous releases, variety of UL and DL positioning methods have been included for both RRC_CONNECT and RRC_INACTIVE. The main target of these positioning methods is, however, positioning accuracy and do not address low power consumption procedures. For use-cases or scenarios such as tracking where the UEs are often in RRC_IDLE or RRC_INACTIVE mode for power saving purposes, both UE-based and UE- assisted- positioning, can become costly in terms of power consumption since the UEs need to transition to RRC_CONNECTED mode in order to receive the configuration and relevant information before it transitions to RRC_INACTIVE. No positioning method is available if the UEs operate in RRC_IDLE. 

Observation 1 – For UEs often operating in RRC_IDLE or RRC_INACTIVE mode, existing positioning methods can become costly in terms of power consumption since the UEs need to transition to RRC_CONNECTED mode in order to receive the configuration and relevant information before it transitions to RRC_INACTIVE. /and/or RRC-Idle.

Observation 2 – No positioning method is available if the UEs operate in RRC_IDLE. 

To support LPHAP which requires both high accuracy and low power consumption new potential positioning methods based on both UL and DL techniques may be needed for use-cases such tracking where UEs are mainly operating in RRC_IDLE or RRC_INACTIVE for power saving purposes.

Proposal 1 – Study new positioning procedure in RRC IDLE/INACTIVE for both Ul and DL.

Additionally, the operation of DRX in RRC_IDLE/RRC_INACTIVE and positioning procedure are performed independently from each other. This, however, can result in an unnecessary UE power consumption as the UE needs to power on and off its receiver several times to perform both paging related and positioning related operations. There is therefore a need for enhancements, where the operations of positioning and paging procedure can be aligned, resulting in a reduced UE power consumption.

Observation 3 – The operation of DRX in RRC_IDLE/RRC_INACTIVE and positioning procedure are performed independently from each other.

Proposal 2 – Study the procedures to align the operations of DRX in RRC_IDLE/RRC_INACTIVE and positioning procedure.

3 Summary
In this contribution, we have discussed our view on potential positioning enhancements in NR. Our observations and proposals are listed below:

Observation 1 – For UEs often operating in RRC_IDLE or RRC_INACTIVE mode, existing positioning methods can become costly in terms of power consumption since the UEs need to transition to RRC_CONNECTED mode in order to receive the configuration and relevant information before it transitions to RRC_INACTIVE. /and/or RRC-Idle.

Observation 2 – No positioning method is available if the UEs operate in RRC_IDLE. 

Proposal 1 – Study new positioning procedure in RRC IDLE/INACTIVE for both Ul and DL.

Observation 3 – The operation of DRX in RRC_IDLE/RRC_INACTIVE and positioning procedure are performed independently from each other.

Proposal 2 – Study the procedures to align the operations of DRX in RRC_IDLE/RRC_INACTIVE and positioning procedure.
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