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[bookmark: _heading=h.wt7xoax1kbms]1	Introduction 
According to WID [RP-223549], RAN2 will study and specify enhancements for enabling LPHAP in normative phase. 
	· Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 including:
· Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP [RAN2, RAN3, RAN4]
· Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.
· NOTE: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.
· NOTE: Inputs from RAN1 as necessary may be facilitated via LSs
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3].
· SRS for positioning configurations in multiple cells [RAN2, RAN1]. 
· Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations [RAN2, RAN3].
· [bookmark: _heading=h.30j0zll]SRS for positioning activation/request procedure(s) [RAN2, RAN1].
· Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].
· Specify solutions for alignment between eDRX and PRS configurations [RAN2].




In this paper, we provide our view on enhancements for LPHAP. 
[bookmark: _heading=h.fj5477v6w1xv]2	Discussion 
[bookmark: _heading=h.ahjk4z213e8]2.1		Enhancements on DL-PRS configuration
According to TR 38.859, RAN2 did not reach to agreement for solution and left two directions, as below; 
	Two directions of solutions for DRX/PRS alignments are considered: 
-	PRS alignment with fixed DRX
-	DRX alignment with fixed PRS
Solutions for the PRS/DRX alignment, e.g., LMF-based/UE-based solution, is to be discussed.



Observation 1.	Two directions of solutions for DRX/PRS alignments based on “PRS alignment with fixed DRX” or “DRX alignment with fixed PRS”. 

For DRX/PRS alignment, the communication between LMF and gNBs (including neighbor TRPs for positioning)/UE is needed to exchange preferred PRS periodicity from LMF and preferred (or configured) DRX periodicities from multiple gNBs. Furthermore, DRX configurations on gNBs can be different from each other. Considering one LMF and multiple gNBs, it is not easy for LMF to determine PRS periodicity from different DRX periodicities on multiple gNBs. RAN2 therefore can consider different DRX periodicities on gNBs can be adjusted based on PRS periodicity.

Proposal 1.	RAN2 to consider “DRX alignment with fixed PRS” for DRX/PRS alignment, if different DRX periodicities are preferred (or configured) on gNBs.

[bookmark: _heading=h.y1irhat3kcke]2.2		Enhancements on SRS configuration
In study phase, RAN2 has observed power consumption issues due to frequent RRC state transitions to RRC_CONNECTED for SRS configurations. According to TR 38.859, RAN2 however did not reach to agreement for solution and left three directions, as below; 
	a. Enhancements on SRS configuration
Higher layer studied the following candidate enhancements on SRS configuration.
-	Validity area mechanism
-	SRS positioning validity area for UL positioning in RRC_INACTIVE can avoid reconfiguration of SRS configuration upon cell reselection and is recommended for normative work from RAN2's perspective if feasible from RAN1's perspective.
-	The solution should not require the gNB to monitor multiple SRS configuration simultaneously for a UE.
-	SRS configuration request
SRS configuration request can be discussed during normative work from RAN2 perspective. Scenarios requiring SRS configuration request include:
-	Scenario 1: During the UL positioning procedure, when the SRS configuration turns invalid, e.g., when the UE moves out of the SRS positioning validity area.
-	Scenario 2: At the initiation of UL positioning procedure when an event is detected.
Detailed solution for the SRS update, e.g., with RRC message, UL MAC, or NG-AP message can be discussed in the WI phase.
-	Pre-configure multiple SRS
Pre-configuration of multiple SRS configurations (e.g., for multiple SRS positioning validity areas) is feasible from RAN2 perspective and can be discussed in normative work. 
The pre-configuration of multiple SRS configurations can be delivered to the UE either by dedicated signalling or SI broadcast.



LPP already supports “PRS validity area” (assistanceDataValidityArea-r17) from R17, which provides AreaID-CellList-r17 including NR Cell-IDs of the TRPs belonging to a particular network area where the associated assistance data are valid. That is, LMF does not need to send assistance data for PRS information if UE is inside AreaID-CellList-r17. 

Observation 2.	LPP supports assistanceDataValidityArea for PRS validation across multiple cells in R17. 

An easy and straightforward way for enhancements on SRS configuration is to use the similar mechanism with “PRS validity area”. Therefore, at least “SRS validity area” could be supported for enhancements on SRS configuration. 

Proposal 2.	RAN2 to consider at least “SRS validity area” for SRS validation.

[bookmark: _heading=h.nafoh1ks2djh]2.3		Positioning in RRC_IDLE state
According to TR 38.859, PRS measurement in RRC_IDLE is recommended for normative work. Even though it is feasible for DL PRS measurement in RRC_IDLE, it is not helpful for UE power-saving if measurement report is sent in RRC_CONNECTED, as below;
	d.	Positioning in RRC_IDLE state
-	DL positioning in RRC_IDLE is recommended to normative work from RAN2's perspective if power saving benefits are confirmed by RAN1.
Measurement is performed in RRC_IDLE while measurement report is sent in RRC_CONNECTED.
Feasibility of measurement report in msg5 should be evaluated with SA2/3 involved.
Whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning measurement was performed in RRC_IDLE, can be evaluated in the WI phase with SA2 involved.



According to TS 38.331, UE AS Context is available in RRC_CONNECTED and UE inactive AS Context is stored when the connection is suspended and restored when the connection is resumed. Accordingly, UE AS Context can be used by (re)storing in RRC_INACTIVE, not RRC_IDLE. Thus, UE should transit to RRC_CONNECTED in order to send a measurement report from RRC_IDLE. 

RAN2 already discussed an alternative way that measurement report is carried with initial access messages e.g. msg5, but feasibility of measurement report in msg5 will be evaluated with SA2/3.  

Observation 3.	Measurement report can be sent in RRC_CONNECTED due to UE (inactive) AS Context is not available in RRC_IDLE. 

According to WID, A typical scenario of interest for LPHAP (at least R18) is use case #6 as defined TS 22.104. 
	SA1 has introduced requirements for LPHAP (Low Power High Accuracy Positioning) for industrial IoT scenarios including use cases such as massive asset tracking, AGV tracking in industrial factory and person localization in danger zones. The SA1 requirements are for high accuracy and extremely low power consumption with battery life sustainable up to one or more years. A typical scenario of interest is use case #6 as defined TS 22.104, which corresponds to tracking of workpiece (in- and outdoor) in assembly area and warehouse with a target accuracy of <1m, a positioning interval of 15-30 seconds, and a battery life of 6-12 months. While Rel-17 NR positioning has introduced support for positioning in RRC_INACTIVE state, whether the current system allows LPHAP requirements to be met was not evaluated during Rel-17.



According to Table A.7.2-1 in TS 22.104, LPHAP (Use Case #) requires accuracy < 1m, positioning interval/duty cycle 15 ~ 30s, battery life time 6 ~ 12 months, in scenarios of tracking of workpiece (in- and outdoor) in assembly area and warehouse. 
	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)






Observation 4.	Positioning interval for LPHAP is 15 ~ 30 seconds, according to use case #6 in TS 22.104. 

Positioning interval for LPHAP is 15 ~ 30 seconds, which may not be huge impact on power consumption even if UE transits to RRC_CONNECTED every reporting cycle. However, if UE-assisted positioning is performed, multiMeasInSameMeasReport in LPP can be used for power-saving, aligned with positioning interval. Single report including multiple measurement data could reduce transition count and stay time to/in RRC_CONNECTED.

Proposal 3.	RAN2 to discuss multiMeasInSameMeasReport to support positioning interval 15 ~ 30 seconds.

[bookmark: _heading=h.o5z8swisu2ym]3	Conclusion
Enhancements on DL-PRS configuration:

Observation 1.	Two directions of solutions for DRX/PRS alignments based on “PRS alignment with fixed DRX” or “DRX alignment with fixed PRS”. 

Proposal 1.	RAN2 to consider “DRX alignment with fixed PRS” for DRX/PRS alignment, if different DRX periodicities are preferred (or configured) on gNBs.

Enhancements on SRS configuration:

Observation 2.	LPP supports assistanceDataValidityArea for PRS validation across multiple cells in R17. 

Proposal 2.	RAN2 to consider at least “SRS validity area” for SRS validation.

Positioning in RRC_IDLE state:

Observation 3.	Measurement report can be sent in RRC_CONNECTED due to UE (inactive) AS Context is not available in RRC_IDLE. 

Observation 4.	Positioning interval for LPHAP is 15 ~ 30 seconds, according to use case #6 in TS 22.104. 

Proposal 3.	RAN2 to discuss multiMeasInSameMeasReport to support positioning interval 15 ~ 30 seconds.
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