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Introduction
A SID defining objectives for a Study on expanded and improved NR positioning was agreed in RAN #94 [1],  with the following justification for Low Power High Accuracy Positioning: 
· 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.

and the following objective:
· 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

The conclusion to the SID was captured in a Technical Report [2]. A Work Item description with the following objective was made [3]:
· [bookmark: _Hlk58595024]Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 including:
· 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].
In this contribution, we address RAN1 focused enhancements for LPHAP.

Discussion
Low Power High Accuracy Positioning
The Rel-18 Study on enhancing the power efficiency of RAT-dependent positioning methods for LPHAP use cases was recently concluded with conclusions found in [2]. The study was limited to enhancements to RRC_INACTIVE and/or RRC_IDLE states with Use case 6 defined in TS 22.104 as the single representative use case for the study (flexible modular assembly area: Tracking of workpiece (in- and outdoor) in assembly area and warehouse). For the service type, at least the ‘Low Power Periodic and Triggered 5G Core Mobile Terminated Location Request  (5GC-MT-LR Procedures)’ is to be supported with the following performance requirements considered:
· Horizontal positioning accuracy < 1 m for 90% of UEs
· Positioning interval / duty cycle of 15-30 s
· UE battery life of 6 months – 1 year.

The evaluations on the existing Rel-17 positioning techniques for UEs in RRC_INACTIVE state showed that the target battery life required by LPHAP use case 6 CANNOT be satisfied for majority of the evaluation scenarios  examined required enhancements as captured in the WI objective to be specified. 

Validity Criteria for SRSp
The following agreements in Rel-17 capture the criteria determining if an SRS is valid for a UE. If the SRS is not valid, then in the current standard, the UE may have to go into the RRC_CONNECTED state to obtain a valid SRSp configuration.

	· SRS Validity Criteria [RAN2 #116-bis, RAN2 #117]
· The SRSp configuration is considered as invalid if TA is not valid.
· TA Invalidity: compared to the stored downlink pathloss reference RSRP value, the current RSRP value of the downlink pathloss reference has not increased/decreased by more than inactivePosSRS-RSRP-ChangeThreshold, if configured; and inactivePosSRS-TimeAlignmentTimer is running 
· When cell reselection is performed and UE initiates RRC resume procedure to the cell which is different from the cell in which the SRSp is configured, the TA timer configuration for SRS should be released.
· The SRSp configuration is released when the UE sends RRCResumeRequest to a cell other than the cell where it is released to RRC_INACTIVE state.
· TA timer configuration of SRS for positioning (SRSp) is invalidated upon any cell reselection (i.e. even if the UE does not initiate the RRC resume procedure)




As constantly switching to RRC_CONNECTED mode may waste power, it is necessary to update the SPSp validity criteria. 

In RAN1 #112, the following agreements were made [9]:
	Agreement
For SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support the following:
· An SRS positioning validity area consists of cells configured in the same band and the same carrier, and the following parameters with respect to BWP information of SRS for positioning configuration are commonly applied across cells within the validity area:
· BWP parameters
· locationAndBandwidth
· subcarrierSpacing
· cyclicPrefix

Agreement
For SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, at least the following parameters in SRS for positioning configuration are commonly configured across cells within the validity area:
· srs-PosConfig
· SRS-PosResourceSet
· srs-PosResourceSetId
· srs-PosResourceIdList
· resourceType
· SRS-PosResource
· srs-PosResourceId
· transmissionComb
· resourceMapping
· freqDomainShift
· freqHopping
· groupOrSequenceHopping-r16
· resourceType
· FFS: whether sequenceId is configured commonly across cells or per cell

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




For cells within and outside the SRS positioning validity area:
· There will be a need to define the SRS Positioning Validity area and assign cells to the group. 
· Cell Reselection Criterion: 
· When cell reselection is performed and UE initiates RRC resume procedure to the cell which is different from the cell in which the SRSp is configured, 
· the TA timer configuration for SRS is released if cell is in a different SRS Positioning Validity area. 
· It is not released based on this condition if it in the same SRS Positioning Validity area.
· RRCResumeRequest Criterion: 
· The SRSp configuration is released when the UE sends RRCResumeRequest to a cell other than the cell where it is released to RRC_INACTIVE state if the new cell is not within the same SRS positioning validity area.
· TA Timer Configuration Criterion: 
· TA timer configuration of SRS for positioning (SRSp) is invalidated upon any cell reselection to a cell that is not within the same SRS positioning validity area (i.e. even if the UE does not initiate the RRC resume procedure)
· TA invalidity Criterion: Based on the agreement in RAN1 #112,  it is feasible to configure SRS positioning validity area-specific TA timer (e.g., with larger values) for a UE in RRC_INACTIVE state.
· This captures the issue where the UE may move between cells in the same group but may have a TA validity issue in a different cell. 
· Separate TA update and SRSp configuration update: Note that we can separate the issues of TA update and SRSp configuration update so that even with a TA update, we may keep the same SRSp configuration and require only a simple PRACH TA procedure without a need to go into the RRC_CONNECTED state. This is illustrated in the Table below.
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Figure 1: Separation of TA validity and SRSp Valid Configuration Group
For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, the following agreement was made in RAN1 #112 [9]:
	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




For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, the UE may select either option 1 or option 3 i.e. 
· Option 1: UE maintains the TA obtained from the last serving cell within the validity area
· Option 3: UE maintains multiple TA values. If the TA is invalid e.g. due to exceeding the area-specific RSRP change threshold, the UE obtains the TA using RACH


Spatial Relation and Power Control: In RAN1 #112, the following agreements were made [9]: 
	Agreement
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, further study the following options: 
· Option 1: Spatial relation information is absent in the configuration
· FFS: different approaches for down selection at least include the following:
· 1a: UE transmits SRS for positioning resources using different spatial domain transmission filter
· 1b: UE transmits SRS for positioning resource(s) using a fixed spatial domain transmission filter
· FFS criterion on UE determination of the fixed spatial domain transmission filter (e.g., up to UE implementation, based on a selected SSB of the camping cell, based on the configured path-loss RS such as SSB, etc.)
· Option 2: Spatial relation information is provided in the configuration
· FFS details on the configuration and corresponding UE behavior, including whether the information is configured for all or subset of cells
· FFS signaling to configure the spatial relation information, e.g., via SRS activation message.
· Note: UE power consumption needs to be taken into account
· FFS validity criteria of spatial relation for the configured RS and UE behavior if it determines that the validity criteria of spatial relation for the configured RS is not met, if any, to avoid frequent RRC connection for SRS (re)configuration.

Agreement
For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, further study the following options:
· Option 1: Pathloss RS is absent in the configuration. 
· FFS criterion on UE determination of pathloss RS (e.g., up to UE implementation, UE selects an SSB as the pathloss RS based on DL measurements from multiple SSBs of cells within the validity area, etc.).
· Option 2: Pathloss RS is provided in the configuration
· FFS details on configuration (e.g., pathloss RS is configured as a cell-agnostic DL RS, pathloss RS is configured as a fixed SSB within the validity area, etc.), including whether the information is configured for all or a subset of cells within the validity area
· FFS signaling to configure the pathloss RS, e.g., via SRS activation message.
· Note: UE Power consumption needs to be taken into account 
· FFS: Whether p0 and alpha can be commonly configured across cells within the validity area.
· FFS validity criteria of pathloss RS and UE behavior if it determines that the validity criteria of pathloss RS is not met., if any, to avoid frequent RRC connection for SRS (re)configuration.




For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state both options can be supported. 

· For option 1, i.e.  Spatial relation information is absent in the configuration, the UE transmits SRS for positioning resource(s) using a fixed spatial domain transmission filter. This can be up to UE implantation.
· For Option 2, i.e. Spatial relation information is provided in the configuration, the SR configuration may be provided for all or a sub-set of the cells 

For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, 
· The Pathloss RS is configured by the last serving cell and is valid across cells within the validity area if UE determines that the validity criteria of pathloss RS defined for UEs in RRC_INACTIVE state in Rel-17 is met. If it is not met, then UE determines an SSB as the pathloss RS based on DL measurements from multiple SSBs of cells within the validity area.

Proposal 1: Update the Rel-16 validity criteria to support multi-cell validation. These include updates to the following: 
· Cell Reselection Criterion: When cell reselection is performed and UE initiates RRC resume procedure to the cell which is different from the cell in which the SRSp is configured, the TA timer configuration for SRS is released if cell is in a different SRS Positioning Validity area. It is not released based on this condition if it in the same SRS Positioning Validity area.
· RRCResumeRequest Criterion: The SRSp configuration is released when the UE sends RRCResumeRequest to a cell other than the cell where it is released to RRC_INACTIVE state if the new cell is not within the same SRS positioning validity area.
· TA Timer Configuration Criterion: TA timer configuration of SRS for positioning (SRSp) is invalidated upon any cell reselection to a cell that is not within the same SRS positioning validity area (i.e. even if the UE does not initiate the RRC resume procedure)

Proposal 2: Separate TA update and SRSp configuration update: Keep separate the issues of TA update and SRSp configuration update so that even with a TA update, we may keep the same SRSp configuration and require only a simple PRACH TA procedure without a need to go into the RRC_CONNECTED state. 

Proposal 3: For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, the UE may select either option 1 or option 3 i.e. 
· Option 1: UE maintains the TA obtained from the last serving cell within the validity area
· Option 3: UE maintains multiple TA values. If the TA is invalid e.g. due to exceeding the area-specific RSRP change threshold, the UE obtains the TA using RACH

Proposal 4: For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state both options can be supported. 
· For option 1, i.e.  Spatial relation information is absent in the configuration, the UE transmits SRS for positioning resource(s) using a fixed spatial domain transmission filter. This can be up to UE implantation.
· For Option 2, i.e. Spatial relation information is provided in the configuration, the SR configuration may be provided for all or a sub-set of the cells 

Proposal 5: For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, 
· The Pathloss RS is configured by the last serving cell and is valid across cells within the validity area if UE determines that the validity criteria of pathloss RS defined for UEs in RRC_INACTIVE state in Rel-17 is met. If it is not met, then UE determines an SSB as the pathloss RS based on DL measurements from multiple SSBs of cells within the validity area.

 SRS Configurations for Multiple Cells 
A single overall SRS configuration may be assigned to multiple cells within a group. To prevent issues like interference or to account for the different spatial relation information for the SPS configuration when a UE transmits to a different cell, it may be necessary to have some cell-common and cell-dedicated parameters in the configuration and some coordination between the parameters. Common parameters may be as simple as a common group ID, or a common configuration update time. Cell-specific parameters may include different time/frequency/code locations to limit the interference between the cells in the group. Alternatively, a UE may be configured with the SRS configurations for multiple cells within an area to prevent it from having to switch to SRS_CONNECTED state to acquire the new configuration.

Proposal 6: Enable a single SRS configuration (or group based configuration) for multiple cells within a group. Alternatively, configure the UE with the configuration for the multiple cells within the area.
SRS for positioning request procedure(s) 
From the SI evaluations, it was found that UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases power consumption, and results without SRS (re)configuration provide power saving gains with respect to that with (re)entering RRC_CONNECTED state to obtain SRS (re)configuration. 

The validity conditions can be updated to account for multiple cells and if the condition fails, the UE can request an update to the SRSp configuration from the base station (RRC_INACTIVE)  using a 2-step or 4-step RACH-based procedure without going into the RRC_CONNECTED state. The request of updating SRS configuration is sent by RRC ResumeRequest  in the RRC_INACTIVE state. The update may be for the TA parameters only, the  SRSp configuration or both. The detailed procedure and signaling for this should be specified. An example for the 4-step RACH is shown in Figure 2. 

Proposal 7: If multi-cell validity conditions  fail, the UE can request an update to the SRSp configuration from the base station (RRC_INACTIVE) using a 2-step or 4-step RACH-based procedure without going into the RRC_CONNECTED state.
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[bookmark: _Ref127472342]Figure 2: SRS for positioning request

SRS for positioning activation procedure(s) 

Similar to the SRS for positioning request procedure, the activation procedure prevents the UE from going into the RRC_CONNECTED state but is initiated by the network. There may be a need to clarify the use case as one or more of the following:
 
· Use case 1: UE is not sending SRSp in RRC_INACTIVE state and network would like the UE to start doing so. The SRSp configuration may be signaled to the UE. Alternatively, the request may be sent to the UE to initate an SRSp configuration update (as shown in Figure 3). 
· Use case 2: UE is sending SRSps in RRC_INACTIVE state. Network would like to update the configuration. UE may be sent a new SRSp configuration. UE does not have to initiate any new request.
· Use case 3: UE is sending SRSps in RRC_INACTIVE state. UE may be sent a new SRSp indicator, and UE compares indicator value against its current SRSp configuration to determine whether to ask for a new configuration. In this case, the network/base-station provides an explicit validity indicator.

RAN1 should identify the activation use case and define the associated signaling and procedure.
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[bookmark: _Ref127472426]Figure 3: Network activation
Proposal 8: clarify the use case as one or more of the following:
 
· Use case 1: UE is not sending SRSp in RRC_INACTIVE state and network would like the UE to start doing so. The SRSp configuration may be signaled to the UE or the a request may be sent to the UE to initiate an SRSp configuration update.
· Use case 2: UE is sending SRSps in RRC_INACTIVE state. Network would like to update the configuration. UE may be sent a new SRSp configuration. UE does not have to initiate any new request.
· Use case 3: UE is sending SRSps in RRC_INACTIVE state. UE may be sent a new SRSp indicator, and UE compares indicator value against its current SRSp configuration to determine whether to ask for a new configuration. In this case, the network/base-station provides an explicit validity indicator.
Conclusion
In this contribution, the following observations and proposals were made:

Proposal 1: Update the Rel-16 validity criteria to support multi-cell validation. These include updates to the following: 
· Cell Reselection Criterion: When cell reselection is performed and UE initiates RRC resume procedure to the cell which is different from the cell in which the SRSp is configured, the TA timer configuration for SRS is released if cell is in a different SRS Positioning Validity area. It is not released based on this condition if it in the same SRS Positioning Validity area.
· RRCResumeRequest Criterion: The SRSp configuration is released when the UE sends RRCResumeRequest to a cell other than the cell where it is released to RRC_INACTIVE state if the new cell is not within the same SRS positioning validity area.
· TA Timer Configuration Criterion: TA timer configuration of SRS for positioning (SRSp) is invalidated upon any cell reselection to a cell that is not within the same SRS positioning validity area (i.e. even if the UE does not initiate the RRC resume procedure)

Proposal 2: Separate TA update and SRSp configuration update: Keep separate the issues of TA update and SRSp configuration update so that even with a TA update, we may keep the same SRSp configuration and require only a simple PRACH TA procedure without a need to go into the RRC_CONNECTED state. 

Proposal 3: For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, the UE may select either option 1 or option 3 i.e. 
· Option 1: UE maintains the TA obtained from the last serving cell within the validity area
· Option 3: UE maintains multiple TA values. If the TA is invalid e.g. due to exceeding the area-specific RSRP change threshold, the UE obtains the TA using RACH

Proposal 4: For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state both options can be supported. 
· For option 1, i.e.  Spatial relation information is absent in the configuration, the UE transmits SRS for positioning resource(s) using a fixed spatial domain transmission filter. This can be up to UE implantation.
· For Option 2, i.e. Spatial relation information is provided in the configuration, the SR configuration may be provided for all or a sub-set of the cells 

Proposal 5: For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, 
· The Pathloss RS is configured by the last serving cell and is valid across cells within the validity area if UE determines that the validity criteria of pathloss RS defined for UEs in RRC_INACTIVE state in Rel-17 is met. If it is not met, then UE determines an SSB as the pathloss RS based on DL measurements from multiple SSBs of cells within the validity area.

Proposal 6: Enable a single SRS configuration (or group based configuration) for multiple cells within a group. Alternatively, configure the UE with the configuration for the multiple cells within the area.

Proposal 7: If multi-cell validity conditions  fail, the UE can request an update to the SRSp configuration from the base station (RRC_INACTIVE) using a 2-step or 4-step RACH-based procedure without going into the RRC_CONNECTED state.

Proposal 8: clarify the use case as one or more of the following: 
· Use case 1: UE is not sending SRSp in RRC_INACTIVE state and network would like the UE to start doing so. The SRSp configuration may be signaled to the UE or the a request may be sent to the UE to initiate an SRSp configuration update.
· Use case 2: UE is sending SRSps in RRC_INACTIVE state. Network would like to update the configuration. UE may be sent a new SRSp configuration. UE does not have to initiate any new request.
· Use case 3: UE is sending SRSps in RRC_INACTIVE state. UE may be sent a new SRSp indicator, and UE compares indicator value against its current SRSp configuration to determine whether to ask for a new configuration. In this case, the network/base-station provides an explicit validity indicator
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