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At the RAN1 # 112 meeting, the following were agreed with regards to SRS configuration in inactive mode for LPHAP device [1]:
	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
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
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.


During RAN1 #112bis-e meeting, the following decisions were made [2]:
	Agreement
For SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, sequenceID in SRS for positioning configuration is commonly configured across cells within the validity area.

Working assumption
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, support the following options:
· Option 1: Pathloss RS is absent in the configuration. 
· Option 2: Pathloss RS is provided in the configuration.

Working assumption
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support that spatial relation information can be absent or present in the configuration.

Agreement
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state:
· When the spatial relation information is absent in the configuration, the UE may use a fixed spatial domain transmission filter for transmissions of the SRS configured by the higher layer parameter SRS-PosResource across multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS resources;
· When the spatial relation information is provided in the configuration, it is applicable across the cells within the SRS positioning validity area. Further study the configuration details.
· FFS: spatial relation information validity criteria, and whether/how to determine UE fallback behavior if validity criteria for spatial relation of the configured RS is not met.

Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is absent in the configuration, the UE determines the pathloss RS using a RS resource obtained from the SS/PBCH block of the camping cell that the UE uses to obtain MIB as the pathloss RS.

Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support one or multiple of the following alternatives on how to configure pathloss RS (down-selection to be made in RAN1#113 meeting):
· Alt. 2-1: Reuse the configuration of pathloss RS in Rel-17;
· Reuse the validity criteria of OPLC for SRS transmissions by RRC_INACTIVE UEs in Rel-17, i.e. when the pathloss RS cannot be accurately measured. When the validity criteria of OPLC fail, pathloss is calculated based on the RS resources obtained from SS/PBCH block of the new camping cell that the UE uses to obtain MIB.
· Alt. 2-4: Configure a list of candidate pathloss RSs or candidate cells per SRS for positioning resource set. The UE transmits SRS resources in a SRS resource set using a pathloss RS determined from the candidate pathloss RSs based on its DL measurements on the candidate pathloss RSs;
· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.
· Alt. 2-5: Reuse the configuration of pathloss RS in Rel-17. The UE only transmits SRS resources in a SRS resource set associated with pathloss RS that can be accurately measured.
· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.
· Alt. 2-6: Reuse the configuration of pathloss RS in Rel-17;
· A cell-agnostic DL RS can be the pathloss RS in the validity area and the cell-agnostic DL RS itself.
· Note: UE power consumption should be considered

Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support:
· Alt. 2-1 (modified): Reuse the configuration of pathloss RS in Rel-17;
· FFS: A CD SSB or non-CD SSB can be configured as pathloss RS
· If the UE determines that the pathloss RS cannot be accurately measured, pathloss may be calculated based on the RS resources obtained from SS/PBCH block of the new camping cell that the UE uses to obtain MIB.

Agreement
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, when the spatial relation information is provided in the configuration, support:
· Alt. 1-1: Reuse the configuration of spatial relation information in Rel-17.
· When the UE determines that the configured RS for the spatial relation information cannot be accurately measured, the UE suspends the transmission of the SRS for positioning resource.

Agreement
For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, support the following to determine a valid TA:
· The DL reference timing follows the DL timing of current camping cell.
· By default, UE maintains the TA from the last serving cell.
· UE can adjust its UL timing according to the change in DL reference timing.
· If configured by the network, subject to UE capability, UE autonomously adjusts the TA, when cell-reselection happens.
· Send LS to RAN4 asking about feasibility and necessary conditions (e.g. whether the above behaviour applies when the DL reference timing difference between the last camping cell and current camping cell exceeds a threshold and how UE adjusts it, or additional RRM procedure to obtain the timing difference).
Agreement
The draft LS in R1-2306247 is endorsed. Final LS in R1-2306248.



During RAN1 #113 meeting, the following decisions were made [3]:
	Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support:
· Alt. 2-1 (modified): Reuse the configuration of pathloss RS in Rel-17;
· FFS: A CD SSB or non-CD SSB can be configured as pathloss RS
· If the UE determines that the pathloss RS cannot be accurately measured, pathloss may be calculated based on the RS resources obtained from SS/PBCH block of the new camping cell that the UE uses to obtain MIB.

Agreement
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, when the spatial relation information is provided in the configuration, support:
· Alt. 1-1: Reuse the configuration of spatial relation information in Rel-17.
· When the UE determines that the configured RS for the spatial relation information cannot be accurately measured, the UE suspends the transmission of the SRS for positioning resource.

Agreement
For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, support the following to determine a valid TA:
· The DL reference timing follows the DL timing of current camping cell.
· By default, UE maintains the TA from the last serving cell.
· UE can adjust its UL timing according to the change in DL reference timing.
· If configured by the network, subject to UE capability, UE autonomously adjusts the TA, when cell-reselection happens.
· Send LS to RAN4 asking about feasibility and necessary conditions (e.g. whether the above behaviour applies when the DL reference timing difference between the last camping cell and current camping cell exceeds a threshold and how UE adjusts it, or additional RRM procedure to obtain the timing difference).
Agreement
The draft LS in R1-2306247 is endorsed. Final LS in R1-2306248.


In this contribution, we discuss SRS configuration enhancements for LPHAP use case considering the above RAN1 decisions and the latest incoming LS [4] on the topic from RAN2.
Discussion on multi-cell SRS configuration
Due to mobility of the UE, cell reselection may occur and SRS configuration in the serving cell becomes invalid when validity criteria is not satisfied. In Rel-17, SRS validity criteria includes conditions related to spatial relationship, pathloss RS and TA. For UL positioning service, low power high accuracy positioning (LPHAP) device requires to transmit SRS periodically. According to existing legacy procedure, UE has to enter RRC connected state in new cell to obtain the new SRS configuration. Cf. Figure 1, which illustrates need for new SRS configuration as UE moves to new cell. 

                                          [image: ]
            Figure 1: Cell reselection for UE requires new SRS configuration in legacy procedure
This could result in large increase in power consumption depending on the frequency of validity criteria failure and cell reselection events. Hence, one of the objective regarding support of LPHAP in Rel-18 is to consider a positioning validity area comprising multiple cells and allow the UE to keep using existing SRS configuration when UE moves to a new cell in RRC inactive state. To this end, UE can be provided a SRS configuration with common parameters that can be valid across multiple cells within the validity area. In our view, the serving cell shall provide the determined SRS configuration to neighbor cells and negotiate for resource reservation. Then the serving cell can indicate to UE which cells are included in the validity area. The UE may continue SRS transmission if the camping cell is within the validity area.
Handling PHY issues of multi-cell SRS configuration
During Rel-18 SI, RAN2 has agreed on the study of SRS positioning validity area for LPHAP where the configured SRS is applicable across multiple cells as follows and raised some concern on potential issues in physical layer, such as interference, timing alignment, spatial relation, and which SRS parameters can be valid across multiple cells, etc. and sent an LS to RAN1.
	Agreement:
Proposal 3 (modified): RAN2 agree to study enhancements on SRS configuration (12/15). Further study the following candidate enhancements on SRS configuration, including the possible interference and changes of spatial relations problems.
-	a) Validity area mechanism; (12/13)
-	b) SRS update mechanism; (10/13)
-	c) Pre-configure multiple SRS, which could include broadcast transmission of configurations with UE-specific determination along with the network of a configuration; (9/13)
FFS if item c would require network nodes to measure multiple SRS configurations for the same UE simultaneously.
LS to RAN1 to ask them about interference issues with SRS configurations across multiple cells and about the validity of SRS parameters.



During the previous meetings, RAN1 has already made various decisions to address the above. In this section, we discuss the remaining details related to these aspects.

Interference handling
RAN1 responded that SRS positioning configuration for LPHAP across multiple cells is feasible from RAN1’s perspective after checking the potential issues of interference, timing alignment (depending on uplink synchronization conditions), spatial relation, and power control, with or without potential enhancements depending on deployment conditions. Next, we discuss whether any new procedure or behavior needed to handle the PHY issues when SRS configuration is expected to be valid across multiple cells.
Since the SRS configuration needs to be valid across multiple cells, some resource reservation and coordination across the cells within the positioning validity area may be needed so that interference can be avoided in the cells within the positioning validity area. Moreover, positioning SRS can be received and measured by multiple neighboring cells on the same frequency, and it is expected that the interference issue can be handled by gNB implementation. We do not see any specification-based enhancement or special handling needed for this issue.
Proposal 1: Interference issues, if any, due to the configuration of SRS across multiple cells within a validity area can be handled by gNB implementation.

UL timing advance
On UL timing advance, RAN1 discussed the issue at length during RAN1 #112bis-e and RAN1 #113 meetings and achieved at the following decision:
	Agreement
For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, support the following to determine a valid TA:
· The DL reference timing follows the DL timing of current camping cell.
· By default, UE maintains the TA from the last serving cell.
· UE can adjust its UL timing according to the change in DL reference timing.
· If configured by the network, subject to UE capability, UE autonomously adjusts the TA, when cell-reselection happens.
· Send LS to RAN4 asking about feasibility and necessary conditions (e.g. whether the above behaviour applies when the DL reference timing difference between the last camping cell and current camping cell exceeds a threshold and how UE adjusts it, or additional RRM procedure to obtain the timing difference).




The above agreement describes an extension of the current cell-specific UE behavior on UL TA maintenance to a “validity-area-specific” behavior. On the issue of TA validity criteria, RS used for RSRP change, and the RSRP change threshold, following from this approach, the existing methods can be largely used. Thus, the pathloss reference for the RSRP change threshold should be the SSB from the last serving cell from which the latest valid TA is obtained. Further, the threshold value and time alignment timer values may be extended appropriately considering the validity area as well as an update to the UE behavior of not stop the value of inactivePosSRS-TimeAlignmentTimer upon cell reselection within the validity area. 
Proposal 2: The pathloss reference for the RSRP change threshold is the SSB from the last serving cell from which the latest valid TA is obtained from. 
Proposal 3: Reuse Rel-17 TA validity criteria with the assumption that area-specific TA timer (e.g., with larger values) and validity area-specific RSRP change threshold can be applied. A UE does not stop the inactivePosSRS-TimeAlignmentTimer upon cell reselection within the validity area.
Pathloss RS information
The following two options were agreed as working assumption during RAN1 #112bis-e.
· Option 1: Pathloss RS is absent in the configuration. 
· Option 2: Pathloss RS is provided in the configuration.

Subsequently, for the case when pathloss RS is provided in the configuration, the following was agreed during RAN1 #113 meeting regarding configuration of the pathloss RS:
	Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support:
· Alt. 2-1 (modified): Reuse the configuration of pathloss RS in Rel-17;
· FFS: A CD SSB or non-CD SSB can be configured as pathloss RS
· If the UE determines that the pathloss RS cannot be accurately measured, pathloss may be calculated based on the RS resources obtained from SS/PBCH block of the new camping cell that the UE uses to obtain MIB.



Regarding the FFS bullet above on possible configuration of CD SSB or non-CD SSB as pathloss RS, first, it needs to be clarified as to what “non-CD SSB” implies. Based on prior discussions on the issue, it appears that the aim is to define a new type of cell-agnostic (and thus, non-cell defining) SSB. However, the benefits of introducing a new SSB type, compared to the use of CD-SSB (i.e., an SSB associated with a particular cell within validity area) are unclear. With the agreement on the fallback UE behavior: “If the UE determines that the pathloss RS cannot be accurately measured, pathloss may be calculated based on the RS resources obtained from SS/PBCH block of the new camping cell that the UE uses to obtain MIB”, it would be sufficient to configure a CD SSB as pathloss reference RS corresponding to a suitable cell from within the validity area. Introducing a new cell agnostic NCD-SSB would only complicate the evaluation of the validity criteria for OLPC for SRSp transmissions.  
Proposal 4:  For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, only a CD SSB can be configured as pathloss RS.

Under the basic assumption for LPHAP use-case #6, the geometric properties and range of the cells within the validity area are expected to be similar, and there is no critical need to configure P0 and alpha in a cell-specific manner. This would also be consistent with the agreement from RAN1 #113 on reusing the configuration of pathloss RS in Rel-17. Thus, these parameters should be commonly configured across the set of cells within the validity area.
Proposal 5: For the power control of an SRSp configuration in multiple cells for a UE in RRC_INACTIVE state, p0 and alpha are commonly configured across cells within the validity area.

[bookmark: _Ref52481833]LS from RAN2 on LPHAP
Recently, RAN1 received an LS from RAN2 on LPHAP [4] with the following information: 
	1	Overall description
During the discussion on the eDRX cycle for eRedCap in RRC_INACTIVE, it was already agreed in eRedCap WI that the long eDRX cycle values are the same as idle eDRX (i.e., 2 hyperframes, 4 hyperframes, 8 hyperframes, 16 hyperframes, 32 hyperframes, 64 hyperframes, 128 hyperframes, 256 hyperframes, 512 hyperframes, 1024 hyperframes).
For the SRS configuration with validity area, RAN2 has agreed on the following: 
RAN2 consider that the LMF should determine the area-specific SRS configuration.  Details are up to RAN3.
2	Actions
To RAN1/RAN4:
ACTION: RAN2 respectfully asks RAN1/RAN4 to confirm whether the eRedCap agreed eDRX cycle lengths are sufficient for positioning in RRC_INACTIVE.
To RAN3:
ACTION: RAN2 respectfully asks RAN3 to take the RAN2 agreement on area-specific SRS configuration for LPHAP into consideration in the future work.
To RAN1:
ACTION: RAN2 respectfully asks RAN1 to work on the parameters for area-specific SRS configuration.



To the first question from RAN2, in our view, the eDRX cycle lengths agreed as part of eRedCap WI should be sufficient and RAN1 could respond to RAN2 accordingly. 
To the action item for RAN1 on identifying the parameters for area-specific SRS configuration, RAN1 has already worked on this and can provide the following list of parameters for validity area-specific SRS configuration based on prior RAN1 agreements from RAN1 #112 and RAN1 #112bis-e meetings.
· BWP parameters
· locationAndBandwidth
· subcarrierSpacing
· cyclicPrefix
· srs-PosConfig
· SRS-PosResourceSet
· srs-PosResourceSetId
· srs-PosResourceIdList
· resourceType
· pathlossReferenceRS-Pos
· SRS-PosResource
· srs-PosResourceId
· transmissionComb
· resourceMapping
· freqDomainShift
· freqHopping
· groupOrSequenceHopping-r16
· resourceType
· sequenceId
· spatialRelationInfoPos
· inactivePosSRS-TimeAlignmentTimer
· inactivePosSRS-RSRP-ChangeThreshold

Any further parameters can be communicated to RAN2 subsequently following any further agreements in RAN1.

Proposal 6:  Respond to RAN2’s LS in R1-2306383 confirming that the eDRX cycle lengths agreed as part of eRedCap WI are sufficient for LPHAP use-cases.

Proposal 7: Respond to RAN2’s LS in R1-2306383 with the following list of parameters identified for common configuration across the cells within a validity area.
· BWP parameters
· locationAndBandwidth
· subcarrierSpacing
· cyclicPrefix
· srs-PosConfig
· SRS-PosResourceSet
· srs-PosResourceSetId
· srs-PosResourceIdList
· resourceType
· pathlossReferenceRS-Pos
· p0 (not yet agreed in RAN1)
· alpha (not yet agreed in RAN1)
· SRS-PosResource
· srs-PosResourceId
· transmissionComb
· resourceMapping
· freqDomainShift
· freqHopping
· groupOrSequenceHopping-r16
· resourceType
· sequenceId
· spatialRelationInfoPos
· inactivePosSRS-TimeAlignmentTimer
· inactivePosSRS-RSRP-ChangeThreshold


Conclusions
In this contribution, we discussed several aspects related to SRS configuration in multiple cells considering prior decisions in RAN1 and the latest incoming LS [4] on the topic from RAN2, and we have the following proposals.
Proposal 1: Interference issues, if any, due to the configuration of SRS across multiple cells within a validity area can be handled by gNB implementation.
Proposal 2: The pathloss reference for the RSRP change threshold is the SSB from the last serving cell from which the latest valid TA is obtained from. 
Proposal 3: Reuse Rel-17 TA validity criteria with the assumption that area-specific TA timer (e.g., with larger values) and validity area-specific RSRP change threshold can be applied. A UE does not stop the inactivePosSRS-TimeAlignmentTimer upon cell reselection within the validity area.
Proposal 4:  For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, only a CD SSB can be configured as pathloss RS.

Proposal 5: For the power control of an SRSp configuration in multiple cells for a UE in RRC_INACTIVE state, P0 and alpha are commonly configured across cells within the validity area.

Proposal 6:  Respond to RAN2’s LS in R1-2306383 confirming that the eDRX cycle lengths agreed as part of eRedCap WI are sufficient for LPHAP use-cases.

Proposal 7: Respond to RAN2’s LS in R1-2306383 with the following list of parameters identified for common configuration across the cells within a validity area.
· BWP parameters
· locationAndBandwidth
· subcarrierSpacing
· cyclicPrefix
· srs-PosConfig
· SRS-PosResourceSet
· srs-PosResourceSetId
· srs-PosResourceIdList
· resourceType
· pathlossReferenceRS-Pos
· p0 (not yet agreed in RAN1)
· alpha (not yet agreed in RAN1)
· SRS-PosResource
· srs-PosResourceId
· transmissionComb
· resourceMapping
· freqDomainShift
· freqHopping
· groupOrSequenceHopping-r16
· resourceType
· sequenceId
· spatialRelationInfoPos
· inactivePosSRS-TimeAlignmentTimer
· inactivePosSRS-RSRP-ChangeThreshold
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