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1. Introduction
During RAN2#119-e, the following agreements were made on LPHAP [1] :
Agreements:
Proposal 1: RAN2 shall restrict the use case for any LPHAP discussions in RAN2 to Tracking of workpiece (in- and outdoor) in assembly area and warehouse (Use case # 6 in Table A.7.2-1 in TS 22.104).

RAN2 to consider at least the ‘Low Power Periodic and Triggered 5GC-MT-LR Procedures’ in TS 23.273.  Other procedures are not excluded from discussion.

RAN2 shall wait for RAN1 conclusions from evaluations on UE power consumption with respect to baseline functionality and whether enhancements are needed.  RAN2 will study potential areas for higher layer enhancements that may result in reduction of UE power consumption.

In this contribution, we discuss we discuss the potential solutions for RRC_INACTIVE and RRC_IDLE state for supporting LPHAP in Rel-18.
2. Enhancements to RRC_INACTIVE state positioning
SRSp configuration enhancements for LPHAP 

Rel-17 enhancements enable supporting UL-based positioning methods when the UE operates in RRC INACTIVE state. For UL-based positioning, the SRSp configuration can be delivered when the UE transitions to INACTIVE state (e.g. via RRC Release message with SuspendConfig). The TRPs/gNBs can perform measurements of the SRSp transmitted by the UE in INACTIVE, which are then forwarded to LMF to calculate the UE location. 
The SRSp configuration provided to the UE for INACTIVE state operation can be associated with a validity condition such as a TA timer. The TA timer ensures only a limited cell-level validity for the SRSp configuration where the UE is allowed to transmit SRSp. When the TA timer expires, the UE releases the SRSp configuration.  

For LPHAP scenarios, the UE (e.g. attached to a robot or an asset) may be mobile over a wide coverage area consisting of multiple cells (e.g. in factory area). For the UE to request and receive new SRSp configuration from the network each time when the UE moves to a new cell or when the TA timer expires results in high signalling and high power consumption. For LPHAP UE, power consumption reduction is essential especially when the UE is expected to operate in low power sate for prolonged duration (e.g. 3 months). ​

In this regard, it can be beneficial for the UE to be provided with SRSp configuration that can be valid over a positioning area consisting of multiple cells. The UE can continue to use the SRSp configuration so long as it remains within the coverage of any of the cells in the positioning area that is associated with the cell that provided the UE the SRSp configuration. When the UE enters a new cell that is outside of the initial positioning area, the UE can send a RRCResume request message to the new cell with a cause indication to update the SRSp configuration, so that the UE can be provided with a new SRS configuration without transitioning to CONNECTED state. 
To minimize potential wastage of resources when providing SRSp configuration that can be valid over multiple cells, the network can configure the SRSp with certain parameters such as low resource density, and low periodicity for the UE. Since LPHAP UEs are expected to transmit SRSp less frequently and only when detecting a triggering event to save power, configuring SRSp with such parameters can be adequate to save resources and to meet LPHAP requirements.     

Proposal 1: 
Support providing UE with SRSp configuration that is valid over a positioning area consisting of multiple cells

Proposal 2: 
Support UE sending a request for updating the SRSp configuration when the UE enters a new cell in a new positioning area.

Positioning enhancements considering MT-SDT

In Rel-18 enhancements for SDT includes support for mobile terminated SDT (MT-SDT) where the network can trigger DL-SDT to send PDSCH when the UE operates in INACTIVE state [2]. For network-initiated positioning, MT-SDT can be used for sending any LCS/LPP messages including LPP assistance data containing dedicated PRS configurations to the UE while in INACTIVE mode. 
With MT-SDT it would be possible to support positioning initiated by MT-LR, configure resources (e.g. RA-SDT and CG-SDT) for sending measurement reports, provide SRSp configurations via RRC signalling and send activation/deactivation indications for activating SP-SRSp. Regarding the use of MT-SDT for positioning, some of the issues that may require further study by RAN2 include
·  Whether/how the UE in INACTIVE may be triggered (e.g. via paging) for efficiently sending any positioning configurations/messages 
· Whether there may be any restrictions (e.g. in terms of payload) for sending positioning configurations/messages via MT-SDT 
·  Whether/how MT-SDT can coexist and complement the existing Rel-17 framework for INACTIVE positioning (with MO-SDT). 

Proposal 3: 
Study the impacts to UL-based and DL-based positioning methods when supporting network initiated SDT (MT-SDT) for UE in INACTIVE 
3. Enhancements to RRC_IDLE state positioning
For LPHAP use cases (e.g. tool tracking in flexible, modular assembly areas in smart factories), the UE is expected be positioned with high accuracy (e.g. <1m horizontal accuracy) when operating in IDLE state for prolonged duration to maximize power savings [3]. However, unlike in INACTIVE state where the RAN maintains the UE context, in IDLE state any of the positioning configurations (e.g. SRSp configurations) are released in both UE and network. The UE is also no longer in CM_CONECTED state from the network perspective when in IDLE state and the LPP context in LMF may be released [4]. In this regard, how the UE can be provided with suitable positioning configurations and resources in IDLE state for meeting high accuracy requirements for LPHAP should be studied.
While different positioning methods including UL-based (e.g. UL-TDOA, UL-AOA), DL-based (DL-TDOA, DL-AOD) and UL+DL based (e.g. multi-RTT) can be beneficial for LPHAP, the power savings and positioning accuracy achievable when supporting the different positioning methods in IDLE state should also be studied. While performance evaluations of LPHAP is done in RAN1, any of the enhancements to LPP signalling and procedures for supporting the different positioning methods in IDLE state can be discussed in RAN2 based on RAN1 inputs.

Proposal 4: 
Study procedure and signalling enhancements for supporting UL-based (e.g. UL-TDOA, UL-AOA), DL-based (DL-TDOA, DL-AOD) and UL+DL based (e.g. multi-RTT) positioning methods in IDLE state

RACH-based positioning in IDLE state
For supporting UL-based positioning, the UE needs to perform initial access procedure and operate in RRC CONNECTED state before receiving any dedicated SRSp resources. For LPHAP, this can result in high overhead and power inefficiency for having to frequently transition between RRC states when performing positioning. In the case of Rel-18 NTN enhancements [5], one of the SI objectives include network verified UE location. For meeting regulatory requirements, it may be necessary for the UE location to be determined and/or verified by the network prior to granting access to the NTN network.   

In this regard, for both LPHAP and NTN, it can be beneficial to support UL-based positioning since the UE position can be determined efficiently and securely by the network during initial access. One of the approaches to perform UL-based positioning during initial access is based on the transmission of PRACH preambles. The assistance data for identifying which of the RACH resources (e.g. PRACH preambles, RACH occasions) that can be used for positioning can be provided to the UE via broadcast channel (e.g. posSIB), which may be accessible while in IDLE state. The PRACH transmitted by the UE during the indicated RACH occasions can then be measured by the TRPs for calculating the UE location. Regarding the use of PRACH for positioning, some of the issues that need to be addressed is contention resolution and interference, especially in scenarios where there may be high number of UE that need to be positioned. Whether and how the PRACH preambles can be used for positioning while mitigating contention and interference during IDLE mode should be investigated 

Proposal 5: 
Study whether and how PRACH can be used for supporting UL-based positioning in IDLE state
SRSp transmission during initial access

Similar to the case of PRACH, the transmission of SRSp can also be considered during initial access for positioning in IDLE mode. However, for SRSp, it is important to ensure that the UE is synchronized with the TRPs/gNBs that receive and measure the SRSp transmitted by the UE. Since the UE may be unsynchronized during IDLE, how to support SRSp transmission with synchronization during initial access should be studied. 
In one approach, the SRSp resources or an indication to activate preconfigured SRSp can be sent to UE via initial access messages either in Message 2/4 (in 4-step RACH procedure) or in Message B (in 2-step RACH procedure). This can be done by associating the preconfigured SRSp resources to different areas/cells/TRPs where the UE may go to during IDLE state. 

In this case, the UE can transmit PRACH for synchronization before transmitting SRSp (e.g. in Msg 3/5). For the case SRSp transmission in IDLE mode, other issues that should be further studied include whether common SRSp resources (e.g. similar to RACH resources) can be accessed by the UE, how to deliver dedicated SRSp resources to UE during initial access, whether/how to support different types of SRSp (e.g. semi-persistent SRSp, periodic SRSp) for positioning during initial access. 

Proposal 6: 
Study whether and how SRSp transmission can be supported during initial access procedure
PRS measurement and reporting in IDLE state
In the case of DL-based positioning in IDLE mode, the UE can receive the assistance data containing the PRS configurations via SIB.  However, this may not be possible in all deployment scenarios where only minimum SIB is accessible and the UE may have to initiate the RACH procedure for sending on-demand SI for requesting the positioning SIB. Since there is no established LPP session, it may not be also possible for the UE in RRC IDLE state to be provided with dedicated PRS configuration for achieving more accurate location estimation. Alternatively, the PRS configurations can be delivered to UE in IDLE state in paging message during the DRX on-durations. When the UE is preconfigured with PRS configurations, the network can send an activation indication to activate the PRS configurations in paging message. 

While in UE-based mode the UE can perform PRS measurements and determine its location when in IDLE state, for UE-assisted mode one of the issues to be addressed is how to send the measurement reports to network while remaining in IDLE state. One approach is to send the measurement reports in initial access message (e.g. Msg 3), as applied in Early Data Transmission (EDT) procedure [4]. This, however, may be an issue when the payload size of measurement report is large, in which case the UE may need to be transitioned to CONNECTED state for sending the report. Another issue to be addressed is on how to send the measurement reports/location estimates securely during initial access, especially for meeting NTN requirements. In this regard, for example, approaches where the UE may be provided with suitable UL grants during initial access for sending larger payload sizes or for the UE to report only the change/delta in the measurements/location estimates with initial access messages should be discussed. 

Proposal 7: 
Study how the measurements reports, or location estimates can be sent by the UE with initial access messages when supporting DL-based positioning in IDLE state
Conclusion
In this contribution, the following conclusions are made:
Proposal 1: 
Support providing UE with SRSp configuration that is valid over a positioning area consisting of multiple cells

Proposal 2: 
Support UE sending a request for updating the SRSp configuration when the UE enters a new cell in a new positioning area.

Proposal 3: 
Study the impacts to UL-based and DL-based positioning methods when supporting network initiated SDT (MT-SDT) for UE in INACTIVE 
Proposal 4: 
Study procedure and signalling enhancements for supporting UL-based (e.g. UL-TDOA, UL-AOA), DL-based (DL-TDOA, DL-AOD) and UL+DL based (e.g. multi-RTT) positioning methods in IDLE state

Proposal 5: 
Study whether and how PRACH can be used for supporting UL-based positioning in IDLE state
Proposal 6: 
Study whether and how SRSp transmission can be supported during initial access procedure
Proposal 7: 
Study how the measurements reports, or location estimates can be sent by the UE with initial access messages when supporting DL-based positioning in IDLE state
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