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1. Introduction
In RAN#94e, the new SID on Study on expanded and improved NR positioning was approved [1]. In the SID, the following objective was included:

	· 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




This paper discusses the potential enhancements on positioning.
2. Enhancements on LPHAP
2.1 LPHAP requirements
Within the SID [1], the following requirement for LPHAP has been given:
	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 extreme 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, there is a need to evaluate whether the current system allows LPHAP requirements to be met.


For the use case 6 as mentioned above, SA1 has defined multiple use cases for Low Power High Accuracy Positioning (LPHAP) for industrial applications as in Table 1, where the requirement for use case 6 is given.
Table 1 LPHAP use cases defined by SA1 [2]
	Use Case #
	Use Case description
	Horizontal accuracy
	Corresponding service level (22.261)
	Positioning interval/ duty cycle
	battery life time/ minimum operation time

	1
	Process automation: Dolly tracking (outdoor).
	10 m
	Service Level 1
	on request
	24 months

	2
	Process automation: Asset tracking.
	2 m to 3 m
	Service Level 2
	< 4 seconds
	> 6 months

	3
	Flexible modular assembly area: Tool tracking in flexible, modular assembly areas in smart factories.
	< 1 m
	Service Level 3
	no indication
	1 work shift - 8 hours (up to 3 days, 1 month for inventory purposes)

	4
	Process automation: Sequence container (Intralogistics).
	< 1 m
	Service Level 3
	1 second
	6 - 8 years

	5
	Process automation: Palette tracking (e.g. in turbine construction).
	< 1 m
	Service Level 3
	5 seconds - 15 minutes
	18 months

	6
	Flexible modular assembly area: Tracking of workpiece (in- and outdoor) in assembly area and warehouse.
	< 1 m
	Service Level 3
	15 s to 30 s
	6 - 12 months 

	7
	Flexible modular assembly area: Tool assignment (assign tool to vehicles in a production line, left/right) in flexible, modular assembly area in smart factories.
	30 cm
	Service Level 5
	250 ms
	18 months

	8
	Flexible modular assembly area: Positioning of autonomous vehicles for monitoring purposes (vehicles in line, distance 1.5 meter).
	30 cm
	Service Level 5
	1 second
	6 - 8 years (no strong limitation in battery size)

	9
	(Intra-)logistics: Asset tracking
	10m
	Service level 1
	20 minutes
	12 years
(@20mJ/positioning fix)



Use case 6 is a typical use case for the LPHAP, which is for the tracking of workpiece with the target accuracy of less than 1 meter, and target battery life of up to one year under positioning interval of up to 30 seconds. RAN plenary has agreed to limit the study on the use case 6. In RAN1#109, the following agreement was also reached:
	Agreement
Confirm that use case 6 defined in TS 22.104 is the single representative use case for the study of LPHAP.


Thus, we need to consider to support to battery life up to one year for LPAHP in Rel-18.
Proposal 1: RAN3 to confirm to study LPHAP to support use case 6, which requires battery life of up to one year under positioning interval of up to 30 seconds.

2.2. R18 enhancement on LPHAP
2.2.1	Positioning Area for UL Positioning in RRC_INACTIVE
In Rel-17, the valid area is supported for the DL positioning to let the PRS configuration valid in multiple cells. For UL positioning, the valid area was discussed but not supported due to the lack of time. Currently, the serving RAN node can configure the UE with SRS for positioning in RRC_INACTIVE state, but the configured SRS is only valid within the cell. This means once the UE moves out of the serving cell, the UE will stop transmitting SRS and release the SRS configuration. 
However, releasing SRS configuration at cell reselection might not be necessary at certain cases. For instance, a UE in RRC_INACTIVE state would not need to resume to the network when it moves within the RNA, then the same SRS configuration can also be kept for the UE so that it does not need to be reconfigured all over again, and thus further reducing power consumption. More generally, a positioning area can be defined, within which the SRS configuration can be always valid and the UE can transmit SRS until moving out of the positioning area.

Proposal 2: RAN3 to study the enhancement on defining a valid area for SRS configurations for the UE in RRC_INACTIVE state to reduce the power consumption.
 
2.2.2	Enhancement on RRC_INACTIVE state for low power positioning
In order to extend the UE battery life, it is expected to keep the UE in the sleep as much as possible. The ideal situation is the UE only wakes up for positioning tasks, such as SRS transmission. However, currently the UE in RRC_INACTIVE state would need to monitor the paging, receive SI, and perform measurements for cell selection, etc. These tasks would make the UE regularly wake up, which may prevent UE from entering the deep sleep. Also, those tasks may be not useful for the positioning and can cause extra power consumption. 
UE in RRC_IDLE state can request and negotiate with the core network on entering the MICO mode, in which the UE can avoid monitoring paging for power saving. For the UE in RRC_INACTIVE state, the enhancements can also be considered to let the UE to avoid monitoring paging or reduce the chances of measurements. 
It is proposed to study the enhancement including without paging monitoring and/or without SI reception when UE is in RRC_INACTIVE for positioning. For example, if a UE is in RRC_INACTIVE state without paging monitoring to save power, the AMF/LMF should be notified to avoid sending paging or other messages to the UE. 
Proposal 3: RAN3 to study the enhancements based on the following aspects in RRC_INACTIVE for power saving for LPHAP: without Paging monitoring and/or without SI reception. 

3. Service continuity for UE in RRC_CONECTED 
Current positioning procedures do not support the positioning service continuity when the UE in the RRC_CONNECTED moved to another cell/gNB in the uplink positioning procedure. The positioning measurements can be configured to be periodically reported, during which the UE can be probably moved to a new cell/gNB. 
When the UE moves from one gNB to another with handover , 
· LMF cannot be timely aware of the cell change of the moving UE. LMF would have no idea about the need to update the measuring TRPs, i.e., have no idea of which new neighboring TRPs should be selected for measurements or which TRP should be aborted for measurements.
· The new target gNB is not aware of the positioning context for the UE, e.g. the SRS configured to the UE is currently being used by the LMF, and it would not send any updated SRS configuration to LMF. The measuring TRP would fail for measuring SRS without the updated SRS configurations. 
· The measuring TRPs cannot be timely aborted for measurements when UE moving away and would still keep measuring SRS, which causing waste of resources and power consumptions. 
Thus, for UE moving scenario, the UE handover procedure may cause UL/Multi-RTT positioning interruption. It is proposed to study and support the positioning service continuity for the UE mobility scenarios. 
Observation 1: The UE handover can cause: UL/Multi-RTT positioning fail; the LMF cannot timely update or abort the positioning procedure, which can cause positioning service delay and may cause wastes of resources and power consumptions at measuring gNBs.
In the case of intra-gNB handover, one solution is to notify the LMF about the cell change. The LMF can then update the measuring TRPs (neighboring TRPs) based on the cell information, i.e., to abort the measurements on some of the TRPs and request measurements from new TRPs.
In the case of inter-gNB handover, the solutions mainly include notifying the LMF about the cell change and notifying the target gNB about the positioning context, i.e., configuring UE sending SRS for positioning purpose. The potential ways to notify LMF about the cell change and request the target gNB to configure UE sending SRS: 
Option1: The source gNB sends the notification to the LMF about the cell change, after the handover completes, and the LMF sends the positioning information request to the target gNB to request configuring UE sending SRS.
Option2: The source gNB sends the information to the target gNB to request configuring UE sending SRS, such as, the source gNB sends the “SRS Transmission characteristics” to the target gNB. The target gNB configures UE sending SRS and update the SRS configurations to the LMF. 
With either of the above solutions, the UE can continuing sending SRS for positioning purpose, and the LMF can update the measuring TRPs timely. 
Proposal 4: Study the enhancement solutions for positioning service continuity for uplink positioning methods and multi-RTT including:
· Support cell change indication from NG-RAN to LMF for both intra-gNB and inter-gNB handover.
· Support UE positioning related context relocation for SRS transmission for positioning. 

[bookmark: OLE_LINK25][bookmark: OLE_LINK26]4 TPR information change notification
The TRP information exchange procedure include the TRP information request from LMF to gNB and TRP information response/failure from gNB to LMF. Normally, the LMF collects the TRP information from the gNBs it covers and store it for a period so that the LMF does not need to collects TRP information every time when there is LCS service. For the purpose of low latency positioning, the TRP information collection can be conducted before there is any LCS service and store the information for a period. 
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]In fact, the TRP information can be changing, such as the PCI reallocation, ARFCN adjustment, SSB configuration update, etc. But the LMF is not able to identify the changes timely. The LMF can only collects the TRP information periodically. If the TRP information has changed and the old information is still used in the LMF, the positioning results will be impacted. The only way to address this issue is to let the LMF to collect TRP information every time there is a LCS service for a UE. This will cause time delay and obvious redundancy because the information collected in most of time is the same. Additionally, the TRP information is non-UE associated and is used for all the UEs in multiple cells. Thus the TRP information should be ensured to accurate in order to guarantee the positioning service performance of UEs multiple cells.
Observation 2: The TRP information is used for all the UEs in multiple cells so that it should be accurate to guarantee the performance.
In order to let the LMF to be timely aware of TRP information changing, it is proposed to let the RAN node to notify the TRP information change to the LMF. There are two ways for the notification of the TRP information changes:
Option 1: The RAN node send a TRP information change notification to the LMF, who then send the TRP information request to the RAN node for the updated TRP information.
[image: ]
Option 2: The RAN node direct send the updated TRP information to the LMF.
[image: ]
Option 2 can be quicker to send the information to the LMF compared to option 1. However, option 1 is more robust for updating the information to the LMF. This is because that, in Option 2, the gNB would always assume the LMF has successfully received the updated information, even if the LMF does not successfully received the message. In this case, the positioning performance for all the UEs will be impacted. In Option 1, the gNB would be expecting the LMF to send the TRP information request message after it send a notification of the TRP information change. If the gNB does not receive the TRP information request from the LMF, it would assume the notification has failed and will resend the notification message. Therefore, Option 1 is more robust and better than Option 2, considering the TRP information is critical for the performance of all UEs. 
Proposal 5: Support gNB to send the TRP information change notification to the LMF in Release 18.
4. Summary
Based on the discussion above, it is proposed that:
Proposal 1: RAN3 to confirm to study LPHAP to support use case 6, which require battery life of up to one year under positioning interval of up to 30 seconds.
Proposal 2: RAN3 to study the enhancement on defining a valid area for SRS configurations for the UE in RRC_INACTIVE state to reduce the power consumption.
Proposal 3: RAN3 to study the enhancements based on the following aspects in RRC_INACTIVE for power saving for LPHAP: without Paging monitoring and/or without SI reception.
Observation 1: The UE handover can cause: UL/Multi-RTT positioning fail; the LMF cannot timely update or abort the positioning procedure, which can cause positioning service delay and may cause wastes of resources and power consumptions at measuring gNBs.
Proposal 4: Study the enhancement solutions for positioning service continuity for uplink positioning methods and multi-RTT including:
· Support cell change indication from NG-RAN to LMF for both intra-gNB and inter-gNB handover.
· Support UE positioning related context relocation for SRS transmission for positioning. 
Observation 2: The TRP information is used for all the UEs in multiple cells so that it should be accurate to guarantee the performance.
Proposal 5: Support gNB to send the TRP information change notification to the LMF in Release 18.
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