
[bookmark: _Hlk110782916]3GPP TSG RAN WG1 #110                                                                       R1-2206275
Toulouse, France, August 22nd – 26th, 2022

Source:	OPPO
Title:	Discussion on Low Power High Accuracy Positioning
Agenda Item:	9.5.2.3
Document for:	Discussion and Decision

1. Introduction
[bookmark: _Hlk30969022]In R16, the positioning functionality was introduced to NR system. In R17, further enhancement for positioning was studied and specified to improve the accuracy, latency, UE power consumption and so on. In RAN#93e meeting, a new SI was approved for the expanded and improved NR positioning [1]. In addition to further enhancement on the traditional dimensions for NR positioning, the main focus of this SI is to expand the NR positioning technology to more scenarios and to new types of UE. To be specifically, The R18 positioning SI focuses on three aspects:
· Slidelink positioning 
· Improved accuracy, integrity and power efficiency for NR positioning
· Positioning support for RedCap UE
To be specific, the detailed objectives for the low power high accuracy positioning (LPHAP) is defined as below [1]:
	· 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


In this contribution, we will discuss the low power high accuracy positioning from the perspective of the requirement, evaluation and potential enhancements. 
Requirement and scenario
LPHAP is an integral part of a considerable number of IoT applications. In TS 22.104, nine use cases were captured for the low power high accuracy positioning [2]. According to the SID of R18 positioning [1], the study in RAN level should focus on use case 6 that is highlighted by yellow as below. In RAN1#109e, this use case has been confirmed as the single representative one for studying LPHAP. 
Table 1: Low power high accuracy positioning use cases from Table A.7.2-1 of [2]
	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)



Agreement
Confirm that use case 6 defined in TS 22.104 is the single representative use case for the study of LPHAP.

Use case #6 represents various typical use cases for flexible modular assembly area, e.g., tracking of workpiece (indoor and outdoor) in assembly area and warehouse. The detailed Service level 3 in Table 1 is defined in TS 22.261 [3] as below:
     Table 2: Performance requirements for Horizontal and Vertical positioning service levels from Table 7.3.2.2-1 of [3]
	Positioning service level
	Absolute(A) or Relative(R) positioning
	Accuracy 
(95 % confidence level)
	Positioning service availability
	Positioning service latency 
	Coverage, environment of use and UE velocity 

	
	
	Horizontal Accuracy 

	Vertical Accuracy
(note 1)
	
	
	5G positioning service area
	5G enhanced positioning service area
(note 2)

	
	
	
	
	
	
	
	Outdoor and tunnels
	Indoor

	1
	A
	10 m
	3 m
	95 %
	1 s
	Indoor - up to 30 km/h

Outdoor 
(rural and urban) up to 250 km/h
	NA
	Indoor - up to 30 km/h

	2
	A
	3 m
	3 m
	99 %
	1 s
	Outdoor 
(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 
(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	3
	A
	1 m
	2 m
	99 %
	1 s
	Outdoor 
(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 
(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	4
	A
	1 m
	2 m
	99,9 %
	15 ms
	NA
	NA
	Indoor - up to 30 km/h

	5
	A
	0,3 m
	2 m
	99 %
	1 s
	Outdoor 
(rural) up to 250 km/h
	Outdoor 
(dense urban) up to 60 km/h

Along roads and along railways up to 250 km/h
	Indoor - up to 30 km/h

	6
	A
	0,3 m
	2 m
	99,9 %
	10 ms
	NA
	Outdoor 
(dense urban) up to 60 km/h
	Indoor - up to 30 km/h

	7
	R
	0,2 m
	0,2 m
	99 %
	1 s
	Indoor and outdoor (rural, urban, dense urban) up to 30 km/h
Relative positioning is between two UEs within 10 m of each other or between one UE and 5G positioning nodes within 10 m of each other (note 3)


Regarding the positioning accuracy requirement, we can reuse the values recommended by SA1. On the other hand, according to the throughout study and evaluation for R17 positioning enhancement, we can see that the service availability of 99% cannot be achieved in typical commercial use cases and IIoT use cases [4]. Therefore, in the study and evaluation of LPHAP, we should consider practical/achievable requirement for typical use cases.  Following this principle, we suggest the following proposal by jointly considering requirements from SA1 and the practical design targets identified during R17 study. 
In RAN1#109e, the positioning requirements was reached in the following agreement and conclusion.
Agreement
· In Rel-18 low power and high accuracy positioning, adopt the following requirement: 
· Horizontal positioning accuracy < 1 m for 90% of UEs
· Positioning interval / duty cycle of 15-30 s
· UE battery life of 6 months – 1 year
· Note: Setting an exact value each from the set of positioning interval / duty cycle and UE battery life in the evaluation and identification of performance gap will be discussed separately when necessary.

Conclusion
· At least when the positioning accuracy is evaluated without jointly evaluating the associated power consumption, the target horizontal positioning accuracy requirement on LPHAP of <1m can be achieved by Rel-16/17 positioning techniques with a positioning bandwidth of at least 100MHz.
· The main aspect of RAN1 evaluation is on power consumption.
· Note: This does not preclude the case that the positioning accuracy can be revisited, if found necessary at later stage.



Proposal 1: For the study/evaluation of LPHAP, additional target positioning requirements is suggested as
· End-to-end latency for position estimation of UE (< 1 s).
3. Evaluation methodology and assumption
Since use case #6 is mainly for flexible modular assembly area, e.g., tracking of workpiece (indoor and outdoor) in assembly area and warehouse, the scenario of InF-DH can be used as a good starting point for evaluation. In order to reduce the efforts spent on the evaluation assumptions, we can reuse the FR1 InF-DH scenarios captured in TR 38.857 for potential evaluation.
Proposal 2: If RAN1 evaluation is needed for LPHAP, support to reuse the evaluation assumptions of FR1 InF-DH scenario captured in TR 38.857.
During the study of Rel-16 UE power saving, RAN1 defined a good model to evaluate the UE power consumption [5]. Thus, if the evaluation of power assumption is needed for LPHAP, the UE power consumption model of [5] can be used as the baseline with some potential further refinement. Meanwhile, the R18 study item is limited to UE in RRC_INACTIVE or RRC_IDLE. From this perspective, we can simplify the UE power consumption of TR 38.840 by reducing the number of power states. In RAN1#109e, the power consumption related LPHAP was considered as in following agreement. 
Agreement
In the LPHAP evaluation, the power consumption of 5GC data traffic is not modelled. Only the power consumption of the traffic type related to LPHAP positioning (e.g., obtaining/updating SRS configurations, DL PRS measurement reporting, etc.) is considered.
· Note: This does not preclude the power consumption of paging monitoring in the baseline evaluation, but rather assumes that no power consumption of 5GC data traffic is considered during a power cycle.


The evaluation can be carried out based on DL PRS and/or UL SRS resources for positioning. Thus, we have the following proposal.
Proposal 3: For evaluating the power consumption of LPHAP, suggest to take the power consumption model of [5] as the starting point and further consider the following power states
·  For positioning methods based on DL PRS
· Deep sleep
· PRS reception and processing
· UL transmission for positioning reporting 
· For positioning methods based on UL SRS resources for positioning
· Deep sleep
· SRS transmission
· For positioning methods based on both DL PRS and UL SRS resources for positioning
· Deep sleep
· PRS reception and processing
· UL transmission for positioning reporting 
· SRS transmission
· [bookmark: _GoBack]Note: SRS transmission and UL transmission for positioning reporting may be merged into one state
4. Potential enhancement
As SA1 recommended, the positioning interval/duty cycle for use case #6 can be from 15s to 30s. According to the current version of TS 37.355, the candidate values of report interval can be 0.25, 0.5, 1, 2, 4, 8, 10, 16, 20 and 32 seconds. If a service requires a positioning interval of 30s to meet the requirements, LMF might have to set the value of report interval to be 20s according to the current specification. If so, UE would have to report the measurement results more frequent than the service expects, which will lead to additional power consumption. If UE can report the measurement result every 30s for this service, less frequent transmission of positioning reporting can reduce UE power consumption. From this perspective, we have the following proposal:
Proposal 4: Study whether or not to introduce more candidate values for the reporting interval for the UE power saving.
5. Conclusions
In this contribution, we discussed different aspects of low power high accuracy positioning. Based on the discussion, we had the following proposals:
Proposal 1: For the study/evaluation of LPHAP, additional target positioning requirements is suggested as
· End-to-end latency for position estimation of UE (< 1 s).
Proposal 2: If RAN1 evaluation is needed for LPHAP, support to reuse the evaluation assumptions of FR1 InF-DH scenario captured in TR 38.857.  
Proposal 3: For evaluating the power consumption of LPHAP, suggest to take the power consumption model of [5] as the starting point and further consider the following power states
·  For positioning methods based on DL PRS
· Deep sleep
· PRS reception and processing
· UL transmission for positioning reporting 
· For positioning methods based on UL SRS resources for positioning
· Deep sleep
· SRS transmission
· For positioning methods based on both DL PRS and UL SRS resources for positioning
· Deep sleep
· PRS reception and processing
· UL transmission for positioning reporting 
· SRS transmission
· Note: SRS transmission and UL transmission for positioning reporting may be merged into one state
Proposal 4: Study whether or not to introduce more candidate values for the reporting interval for the UE power saving.
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