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Introduction
In RAN- 98 e-meeting, the WI of Rel-18 positioning [1] is approved, and the objectives on LPHAP can be seen as below:
· 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].
In this contribution, we focus on the discussion about SRS enhancement for LPHAP (Low Power High Accuracy Positioning).  
Potential enhancement on SRS
Common parameters of SRS in multiple cells
In RAN1-112 meeting [2], the following agreements were archived on SRS configuration in multiple cells.
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
In RAN1-112b e-meeting [3], the following agreements were archived on SRS configuration in multiple cells.
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.
In Rel-17, the UL positioning methods were introduced for RRC Inactive state, but the positioning SRS configuration for RRC inactive will be released when UE performs cell reselection. The network should provide the new SRS configuration to UE, and it will lead more UE power consumption since the additional signaling exchange procedures are needed. Therefore, if positioning SRS configuration provided by network can still be used by the UE when UE performs the cell reselection, the UE power consumption can be reduced. 
For SRS configured per cell group, the time resource/frequency resource/ SRS sequence ID/ DMRS port /P0/Alpha can be common for cells in cell group. 
Proposal 1: The P0/Alpha for SRS per cell group should be common. 
TA, spatial relation and pathloss RS update for SRS in multiple cells
In RAN1-112 meeting [2], the following agreements were archived on parameter update of SRS configuration in multiple cells.
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.

In RAN1-112b e-meeting [3], the following agreements were archived on parameter update of SRS configuration in multiple cells.
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

For timing advance determination, it was discussed in last RAN1 meeting and two solutions were considered. The first one is to maintain the TA in the last serving cell. And the other one is to update the TA up to UE implementation based on some criteria. The criteria can be the DL reference timing difference. But how to obtain the DL reference timing difference, there are different views. Opt 1 is to obtain the DL reference timing between the current DL reference timing and the DL reference timing in the last serving cell. Opt 2 is to obtain the DL reference timing between the current DL reference timing and the DL reference timing in the camping cell. From our point of view, the baseline of the DL reference timing should be the DL reference timing at the time that UE received the SRS configuration at the initial location. Then the principle is that if UE moves away from the location, it may be necessary to update the TA. Else, no need to update it. So baseline of the DL reference timing should be the DL reference timing at the time that UE received the SRS configuration. As for whether the rule applies only for cell-reselection scenarios or for both same-cell mobility and cell-reselection scenarios, it depends on the threshold of the DL reference timing difference.
Proposal 2: TA can be adjusted autonomously by UE when the DL reference timing difference is larger than a threshold, and the DL reference timing difference can be the difference between the current DL reference timing and the DL reference timing at the time that UE received the SRS configuration.
While for spatial relation, when the spatial relation information is provided in the configuration, it is applicable across the cells within the SRS positioning validity area based on the agreement. But the validity criteria and the UE fallback behavior it not clear. According to this problem, we prefer to define a validity criteria such as the RSRP change is larger than a threshold or cell reselection happens. And if it is invalid, UE can reuse the behavior that when the spatial relation information is absent in the configuration.
Proposal 3: The validity criteria such as RSRP change is larger than a threshold or cell reselection happens can be defined for spatial relation information when provided in the configuration. And the UE fallback behavior can be same as that when the spatial relation information is absent in the configuration.
As for pathloss RS provided in the configuration, there are multiple alternatives agreed in the last RAN1 meeting. Our first preference is Alt 2-1, i.e., Reuse the configuration of pathloss RS in Rel-17 and reuse the validity criteria of OPLC for SRS transmissions by RRC_INACTIVE UEs in Rel-17. As for other alterities, we can accept Alt 2-4, i.e., 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. And for Alt 2-4, we also prefer to reuse the validity criteria of OPLC for SRS transmissions by RRC_INACTIVE UEs in Rel-17. For Alt 2-5, it means NW need to monitor multiple SRS since it doesn’t which one will be used at UE side. For Alt 2-6, we don’t see the necessity to introduce any new DL RS.
Proposal 4: For pathloss RS provided in the configuration, support Alt 2-1 as the 1st preference and support Alt 2-4 with reusing the validity criteria of OPLC for SRS transmissions by RRC_INACTIVE UEs in Rel-17 as the 2nd preference.
SRS configuration request/activation per cell group
If the cell group changes, the positioning SRS will be not valid. In this case, UE in RRC_ INACTIVE need to request the new SRS configuration from gNB. Thus, random access can be used for SRS configuration request. In addition, the UL transmission based on SDT procedure can also be considered for SRS configuration request. And as same as PRS request, UE can send request to LMF via LPP. So for SRS request, it is also possible for UE to send request to LMF.
Proposal 5: Consider SRS configuration request by random access or UL transmission based on SDT to gNB, and by LPP to LMF.
While for SRS activation, for UE in INACTICE state, it is possible to activate SRS transmission based on DL transmission of SDT or paging. For the scheme by paging, a new DCI field can be introduced to paging DCI or reserved bitmap in existed DCI field such as short message indicator or short message can be reused for SRS activation. While for the scheme by DL transmission of SDT. For example, based on Msg 2 or Msg 4 during random access procedure. And the SRS activation can be indicated together or separately with SRS reconfiguration.
Proposal 6: Consider SRS activation by paging DCI or DL transmission based on SDT.
Conclusion
In this contribution, we discussed about LPHAP (Low Power High Accuracy Positioning). Based on above discussion, we provide the following observations and proposals.
Proposal 1: The P0/Alpha for SRS per cell group should be common.
Proposal 2: TA can be adjusted autonomously by UE when the DL reference timing difference is larger than a threshold, and the DL reference timing difference can be the difference between the current DL reference timing and the DL reference timing at the time that UE received the SRS configuration.
Proposal 3: The validity criteria such as RSRP change is larger than a threshold or cell reselection happens can be defined for spatial relation information when provided in the configuration. And the UE fallback behavior can be same as that when the spatial relation information is absent in the configuration.
Proposal 4: For pathloss RS provided in the configuration, support Alt 2-1 as the 1st preference and support Alt 2-4 with reusing the validity criteria of OPLC for SRS transmissions by RRC_INACTIVE UEs in Rel-17 as the 2nd preference.
Proposal 5: Consider SRS configuration request by random access or UL transmission based on SDT to gNB, and by LPP to LMF.
Proposal 6: Consider SRS activation by paging DCI or DL transmission based on SDT.
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