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Introduction
In RAN- 94 e-meeting, the SI of Rel-18 positioning [1] is approved, and the objectives on improved accuracy, integrity, and power efficiency can be seen as below:
· Improved accuracy, integrity, and power efficiency:
· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.
· Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g. timing errors, phase coherency, frequency errors, power imbalance, etc [RAN4]:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary
· 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 focus on the discussion about LPHAP (Low Power High Accuracy Positioning).  
LPHAP (Low Power High Accuracy Positioning) 
Initial views
Regarding the use case, we think the use case 6 as defined in TS 22.104 should be a single representative use case for study. The detailed use case is as follows:
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)


Proposal 1: Support the use case 6 as defined in TS 22.104 as the single representative use case for LPHA positioning study.
For the service level 3, the requirements of the horizontal accuracy and vertical accuracy are 1 m and 2 m respectively, it means that the improvement on accuracy introduced in Rel-17 can satisfy the requirements.  So the LPHA positioning study should focus on power consumption reduction to satisfy the low power requirement. 
Table 7.3.2.2-1 Performance requirements for Horizontal and Vertical positioning service levels
	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

	……

	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

	NOTE 1:	The objective for the vertical positioning requirement is to determine the floor for indoor use cases and to distinguish between superposed tracks for road and rail use cases (e.g. bridges).

NOTE 2: 	Indoor includes location inside buildings such as offices, hospital, industrial buildings. 

NOTE 3:	5G positioning nodes are infrastructure equipment deployed in the service area to enhance positioning capabilities (e.g. beacons deployed on the perimeter of a rendezvous area or on the side of a warehouse).



Proposal 2: The LPHA positioning study should focus on power consumption reduction to meet the low power requirement. 
UL positioning enhancement 
In our understanding, the UL positioning methods can reduce more power consumption than DL positioning methods since UE only needs to transmit positioning SRS for UL positioning methods. The enhancements on UL positioning methods can be considered to meet the low power consumption requirements.
In Rel-17, the UL positioning methods were introduced for RRC Inactive state, but the positioning SRS configuration for RRC inactive will be released when UE performs cell reselection, the network should provide the new SRS configuration to UE, and it will lead more UE power consumption since the additional signaling exchange procedures are needed. Therefore, if positioning SRS configuration provided by network can still be used by the UE when UE performs the cell reselection, the UE power consumption can be reduced. 
According to the use case, positioning interval is 15s to 30s, thus UE may only need to send SRS every 15s to 30s. For periodic SRS configuration, the longer period of SRS can satisfy the requirements of the use case and it can also reduce UE power consumption, 
Proposal 3: The positioning SRS configuration enhancements can be considered for UE power consumption reduction.
DRX based positioning
During the discussion of power saving WI in R17, for paging with DRX cycle, new DCI format 2_7 is agreed for notifying the paging early indication (PEI) and TRS availability indication for one or more UEs, the principle can be shown in Figure 1. It means for one PO, if the early indication indicate the UE not need to wake up for monitoring PO, UE can will not wake up during the indicated PO. Thus power consumption can be reduced. But it is possible that the PRS or the SRS is overlapped with non-wake up POs. In order to satisfy the requirement of accuracy and latency for positioning for INACTIVE and IDLE UE, the PRS in non-wake up PO may be needed to be measured and the SRS in non-wake up PO may be needed to be transmitted.  
[bookmark: _GoBack][image: ]
Figure 1, Principle of PEI
Proposal 4: Study SRS transmission or PRS measurement in PO indicated not necessary to wake up by DCI format 2_7.
Conclusion
In this contribution, we discussed about LPHAP (Low Power High Accuracy Positioning). Based on above discussion, we provide the following proposals.
Proposal 1: Support the use case 6 as defined in TS 22.104 as the single representative use case for LPHA positioning study.
Proposal 2: The LPHA positioning study should focus on power consumption reduction to meet the low power requirement. 
Proposal 3: The positioning SRS configuration enhancements can be considered for UE power consumption reduction.
Proposal 4: Study SRS transmission or PRS measurement in PO indicated not necessary to wake up by DCI format 2_7.

References
[1] RP-213588 Revised SID on Study on expanded and improved NR positioning
image1.emf
PO

DRX cycle

PO PO

PEI

Paging

PDSCH

PEI PEI

No paging

No paging


