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1. Introduction
The work items for Expanded and Improved NR Positioning were approved in RAN #98[1]. After several rounds of discussion, the detail of the WID are stable. The part of WID regarding Low Power High Accuracy Positioning can be found below.
	[bookmark: OLE_LINK54][bookmark: OLE_LINK55]Objective of WI
· 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: _Hlk122087734]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].
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].




[bookmark: OLE_LINK27][bookmark: OLE_LINK28]According to the process of RAN #112 and previous meetings, the following issue is discussed in this contribution:
· UL SRS enhancement for low power positioning

2. UL SRS enhancement for low power positioning
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Table A.7.2-1 in TS 22.104 gives an indication of the required operation time of the 5G enabled IoT device and duty cycle of the updated position information for different use cases of LPHAP device. As referred by the WID, the requirements of LPHAP use-case 6 is[2]:
· Horizontal accuracy of LPHAH no less than 1m
· Positioning interval/duty cycle is 15s to 30s
· Battery life time/minimum operation time is 6 months to 12 months
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK17]UL positioning with SRS transmission requires only the transmission of SRS-pos without monitoring and measuring the PRS, making it more power-efficient compared to DL positioning with PRS transmission. However, evaluations have shown that the current UL and/or UL+DL positioning methods may not meet the low power consumption requirements of LPHAP devices, particularly with regard to battery life. As a result, one of the objectives of the new WID for Expanded and Improved NR Positioning approved in RAN #98 is to specify enhancements to the SRS configuration, including the introduction of SRS positioning validity areas to avoid frequent RRC connections for SRS (re)configuration when the LPHAP device moves from one cell to another.
The positioning validity area is an enhancement on UL positioning methods that aim to meet the low power consumption requirements of LPHAP devices. In RAN1 #112, it was agreed to configure the SRS positioning validity TA timer as[3]:
	Agreement
From RAN1 perspective, it is feasible to configure SRS positioning validity area-specific TA timer (e.g., with larger values) for a UE in RRC_INACTIVE state. Details can be up to RAN2.
· For TA validation, use of area-specific RSRP change threshold is feasible
· FFS: which RS is the reference RS for the RSRP change threshold



However, there is a challenge when the LPHAP device moves from a cell to a new cell within the positioning valid area, as the timing advance (TA) values cannot be predicted and pre-configured. If the size of the positioning valid area is relatively small, such as in indoor scenarios where only a few cells can be covered by the CP, interference caused by inter-cell interference (ICI) may not be an issue. However, if the LPHAP device moves outside of the positioning valid area, SRS reconfiguration cannot be avoided effectively. Conversely, if the size of the positioning area is relatively large, such as in outdoor scenarios, SRS reconfiguration cannot be avoided effectively, but both the TA timer mechanism and TA validation mechanism should be enhanced. Therefore, the TA timer mechanism should be carefully considered, with a focus on outdoor scenarios.
Proposal 1: To effectively solve the issue of frequent RRC connection for SRS (re)configuration in scenarios where a positioning valid area is introduced, RAN should prioritize the enhancement of TA timer mechanism, especially for the outdoor scenario.

During the last RAN1 meeting, TA adjustment mechanisms were discussed and several options were agreed upon by the participating companies.
	Agreement
For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area:
· For the UL timing advance, further study the following options, including the DL reference timing for each option:
· Option 1: UE maintains the TA obtained from the last serving cell within the validity area
· Option 2: UE autonomously adjusts the TA 
· FFS: how the UE adjusts the TA, e.g. up to UE implementation, or based on the TA from the last serving cell and the DL time difference measurement of SSBs from the last serving cell and the new camping cell.
· FFS: whether there is RAN1 specification impact
· Option 3: UE maintains multiple TA values, e.g. UE obtains TA using RACH



In our opinion, we prefer to Option 2 as it appears to be the most realistic solution. However, there are some aspects that should be further considered, especially for Option 2. These include:
· TA adjustment occasion
Regarding TA adjustment, it is important to consider when to begin the adjustment process. On one hand, the LPHAP device does not perform cell reselection measurement until all the conditions such as priority requirement, RSRP/RSRQ, and CP coverage requirements are met. On the other hand, for intra-frequency measurement, the LPHAP device can perform cell reselection measurement after meeting both cell reselection criteria and CP coverage requirements.
· Ways to update the TA value
One proposed solution for updating the TA value in the LPHAP device is through the RACH procedure, using Msg2 to carry the new TAC. Another option is to consider the small data transmission (SDT) procedure to deliver TA information, as it can still transmit UL/DL data while the UE is in RRC_INACTIVE state. RAN1 could explore the transmission of TA via SDT using either transmission over RACH, configured via system information, or over Type 1 CG resources, configured via dedicated signaling in RRC Release. However, it is important to consider the power consumption implications of any solution and prioritize minimizing power consumption for the LPHAP device.
· When to apply the updated TA
Typically, when a RRC_CONNECTED UE receives the TAC via MAC CE at subframe n, it applies the TA at subframe n+6. However, for the positioning interval/duty cycle of LPHAP use-case 6, as defined in TS 22.104, which is 15-30 seconds, if a configured SRS occasion is near or after the timing of cell reselection, the TA may be invalid for SRS transmission.
As shown in Figure 1 below, if a UE is configured with a SRS-pos resource with a periodicity of 15 seconds and it moves from the first cell to the second cell outside the positioning valid area, the SRS-pos configuration remains unchanged, and the TA should be updated to synchronize with other UE's UL transmissions from the second cell. If the UE receives the TAC before the 2nd slot of the beginning of the next SRS-pos occasion, there may not be enough time to adjust the TA according to the existing rules. Therefore, RAN1 should consider a new mechanism for determining when to apply the new TA for LPHAP devices.
[image: ]
Figure 1. Timing for LPHAP device receives TAC
Proposal 2: Option 2 is the recommended approach for adjusting the UL timing advance. RAN1 should further study the aspects of:
· TA adjustment occasion
· Ways to update the TA value
· When to apply the updated TA
Proposal 3: Study the mechanism of TA adjust for RRC_INACTIVE UE moves from one cell to a new call by:
· Option 1: RACH procedure
· Option 2: SDT procedure

3. Conclusion
In this contribution, we discussed the issues of AI/ML for positioning accuracy enhancement. Proposals are summarized as following: 
Proposal 1: To effectively solve the issue of frequent RRC connection for SRS (re)configuration in scenarios where a positioning valid area is introduced, RAN should prioritize the enhancement of TA timer mechanism, especially for the outdoor scenario.
Proposal 2: Option 2 is the recommended approach for adjusting the UL timing advance. RAN1 should further study the aspects of:
· TA adjustment occasion
· Ways to update the TA value
· When to apply the updated TA
Proposal 3: Study the mechanism of TA adjust for RRC_INACTIVE UE moves from one cell to a new call by:
· Option 1: RACH procedure
· Option 2: SDT procedure
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