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1 Introduction
In RAN1#112 [1], the following agreements regarding the low power high accuracy positioning were made: 
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
· [bookmark: _GoBack]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.

This contribution discusses the remaining issues for low power high accuracy positioning, from RAN1 perspective.
2 SRS Configuration in Multiple Cells 
1 
2 
Time advance for SRS in Multiple Cells 
For SRS in multiple cells, the issue of time advance (TA) applied to the SRS transmission in multiple cells was discussed and three options were agreed for further study:
· Option 1: UE maintains the TA obtained from the last serving cell within the validity area
· Option 2: UE autonomously adjusts the TA 
· Option 3: UE maintains multiple TA values, e.g. UE obtains TA using RACH
For the targeted development scenario, the multiple cells within the validity area can be non-co-located and with different cell sizes, then assuming the TA obtained from the last serving cell may not correctly reflect the TA of the new camping cell. In this sense, Option 1 may not always work. 
For Option 2, when the UE autonomously obtains the TA value for the new camping cell, the UE needs information on the timing offset between the gNB in the last serving cell and the gNB in the new camping cell, wherein such information may not be zero when the two gNBs are not fully synchronized. Coordination between the two gNBs is required – either fully aligning the timing between the gNBs or indicating the timing offset to the UE. In this sense, this option may not be straightforward and without RAN1 specification impact, and could work with the assumption that the timing offset between the gNBs is known to the UE.
The proposal in Option 3 is more flexible and more robust to the development scenarios, e.g., without knowing the timing offset between the gNBs. Actually, a similar issue was discussed in Rel-18 MIMO, wherein two TAs for uplink transmissions to different TRPs were considered, and the agreed framework can be reused for SRS in multiple cells, to save the discussion effort. For example, similar to Rel-18 MIMO 2-TA framework, the initial TA acquisition of a non-serving cell can be based on UE initiated RA procedure, and a UE needs to maintain multiple TAs wherein each TA corresponds to a cell or a cell group (e.g., either serving cell or non-serving cell). Furthermore, if the unified TCI framework is enhanced for SRS, the TA can be further associated with or included in the unified TCI state, and the UE can determine the corresponding TA to apply for the SRS transmission based on the associated unified TCI state. 
Proposal 1: For TA of SRS in multiple cells, support Option 3:
· Initial TA acquisition of a non-serving cell can be based on UE initiated RA procedure;
· The UE maintains multiple TAs, wherein each TA corresponds to a cell or a cell group;
· The UE determines the corresponding TA to apply for the SRS transmission based on the associated unified TCI state.
Spatial Relation for SRS in Multiple Cells
For SRS in multiple cells, the issue of spatial relation applied to the SRS transmission in multiple cells was discussed and two options were agreed for further study:
· Option 1: Spatial relation information is absent in the configuration
· Option 2: Spatial relation information is provided in the configuration
For Option 1, the spatial relation for SRS can be up to UE’s implementation, and could be implemented in either a beam sweeping manner, or a repetition manner. However, such implementation may not always work, considering the development scenario for the multiple cells in a validity area, especially for FR2. In this sense, fully up to UE’s implementation on the spatial relation for SRS may lead to a waste of resources for SRS transmission.
In contrast, Option 2 with explicit configuration of spatial relation information could resolve the issue for Option 1. More precisely, the Rel-17 unified TCI state framework has been enhanced to include an SSB of a non-serving cell as a source RS as illustrated in Figure 1(a), this allows beam indication using a beam of a non-serving. It would seem natural to use this framework for beam indication of a SRS transmitted towards a non-serving cell. However, the current Rel-17 unified TCI state framework (see Figure 1 for an illustration), doesn’t apply to positioning reference signals. First, positioning related reference signals (including both DL PRS and SRS) are not applicable as target reference signals for a unified TCI state. Second, a positioning related reference signal cannot be configured as a source RS for a unified TCI state. Hence, enhancement to the current unified TCI state is needed for LPHAP, which is relatively straight forward: First, the unified TCI state can be applied to a SRS, and second the unified TCI state should include two additional types of RS as the source RS in the QCL Info: DL PRS and SRS. With these enhancements, the SRS can have a source RS associated with a non-serving cell, wherein the source RS can be directly associated to the non-serving cell (e.g., by a non-serving cell SS/PBCH block), or indirectly associated to the non-serving cell (e.g., by a CSI-RS).  


(a) Source RS as a SSB.                           (b) Source RS as a CSI-RS.
[bookmark: _Ref126670723]Figure 1 Illustration of QCL Info in a TCI state.
Proposal 2: For spatial relation of SRS in multiple cells, support Option 2:
· Enhance the unified TCI state framework to support positioning SRS:
· Include DL PRS as a source RS type;
· Include positioning SRS as a source RS type;
· The UL or joint TCI state can apply to the positioning SRS, wherein the source RS can be associated directly or indirectly to a non-serving cell.
Power Control for SRS in Multiple Cells
For SRS in multiple cells, another issue is power control of SRS in multiple cells, which was discussed and two options were agreed for further study:
· Option 1: Pathloss RS is absent in the configuration
· Option 2: Pathloss RS is provided in the configuration
Similar to the discussion on spatial relation information for SRS, explicit configuration is more efficient and robust to development scenarios. We also want to note that the unified TCI framework can automatically address the issue of pathloss RS since it’s already part of the framework. This is another benefit to enhance the unified TCI framework for SRS in multiple cells, and much discussion effort can be saved. Moreover, when the configured RS is not valid, the passloss can be calculated based on RS resources obtained from the last SSB measurement from the new camping cell, when the associated SS-RSRP of the last SSB is above a threshold, in order to avoid frequent RRC connection for SRS (re)configuration.  
Another remaining issue about power control is how to configure p0 and alpha. As a baseline, the p0 and alpha can be commonly used across multiple cells in the validity area, and a UE can reuse the value of p0 and alpha if the SS-RSRP difference between the last serving cell and new camping cell is within a threshold. Otherwise, the UE can request an updated value of p0 and/or alpha, e.g., by Msg1/MsgA/SDT. 
Proposal 3: For power control of SRS in multiple cells:
· Support Option 2 for pathloss RS, and the enhanced unified TCI state framework to support positioning SRS can automatically provide the configuration for pathloss RS;
· If the configured pathloss RS is not valid, the passloss can be calculated based on RS resources obtained from the last SSB measurement from the new camping cell, when the associated SS-RSRP of the last SSB is above a threshold;
· A UE can reuse the value of p0 and alpha when the SS-RSRP difference between the last serving cell and new camping cell is within a threshold; otherwise the UE can request an updated value of p0 and/or alpha.
3 Enhancement for SRS Request
In the legacy procedure, a UE in RRC_INACTIVE needs to transit to RRC_CONNECTED in order to update the SRS configuration, which typically requires a long delay and large power consumption. To save UE’s power in RRC_INACTIVE, mechanism to support SRS configuration update without entering RRC_CONNECTED shall be investigated, and such SRS configuration update can be supported based on two options: UE initiated SRS configuration update request and gNB indicated SRS configuration update. For the UE initiated SRS configuration update request, the UE can request the preferred configuration ID or SRS parameters using an UL transmission in the RRC_INACTIVE, wherein the UL transmission can be Msg1, Msg3, or MsgA, for instance. For the gNB indicated SRS configuration update, the gNB can indicate updating SRS configuration using a DL transmission in the RRC_INACTIVE, wherein the DL transmission can be Msg2, Msg4, MsgB, paging, or system information, for instance. 
Proposal 4: Support UE initiated SRS configuration update request and gNB indicated SRS configuration update without entering RRC_CONNECTED.
4 Enhancement for SRS Activation and Deactivation
In the study phase, minimizing the time domain gap between paging occasion and positioning related signal is observed to be beneficial in power saving, and activation/deactivation of positioning related signal based on paging or PEI is observed with further power saving gain since the UE can wake up and perform both paging related and positioning related operations at the same time (see Figure 2 for an illustration). In [2], quantitative analysis of the power saving gain from paging and PEI based SRS activation and deactivation was performed, and it was observed that for low SNR scenario, PEI triggered activation/deactivation of SRS can achieve 20.51% to 20.61% gain on enlarging the battery life, and hence, shall be supported for LPHAP. We also want to note that the same mechanism can be applied to DL PRS activation/deactivation without much specification impact, while achieving 29.11% to 29.36% gain on enlarging the battery life, for DL+UL based positioning. 


[bookmark: _Ref115160489]Figure 2 Illustration of PEI based SRS activation/deactivation in low SNR.
Proposal 5: Support paging and PEI based activation/deactivation of positioning SRS.
5 PRS Based Positioning Measurement in RRC_IDLE 
In current specifications, a UE in RRC_IDLE can be provided with PRS configurations by system information, e.g., using SIBpos, which implies the PRS based positioning measurement is feasible at least from the configuration perspective. However, the PRS based measurement metrics are not defined yet for RRC_IDLE, but only applicable to RRC_INACTIVE and RRC_CONNECTED. Hence, in order to support PRS based measurement in RRC_IDLE, the corresponding metrics need be generalized and applied to RRC_IDLE as well. 
Proposal 6: Support PRS related measurement metrics for RRC_IDLE, e.g., DL PRS-RSRP, DL PRS-RSRPP.
Meanwhile, in order to save UE’s power and enlarge the battery life, it’s beneficial to support at least one measurement window for PRS based positioning measurement, such that all the positioning related measurement can be performed within the measurement window and the UE can be exempt from positioning based measurement outside the window. The configuration of the PRS based positioning measurement window can be further considered to be associated with a SMTC and/or PO, such that the UE can combine the operation of SS/PBCH block based RRM measurement and/or paging operation in conjunction with the PRS based positioning measurement. Similar to SMTC, further investigation can be performed on the need on supporting multiple positioning based measurement windows, in order to accommodate different use cases of the measurement. Moreover, we also want to note that the benefit of supporting the positioning based measurement window(s) can be applicable to RRC_INACTIVE as well. 
Proposal 7: Support PRS based positioning measurement window(s) for RRC_IDLE.
6 Conclusion 
The proposals from this contribution are summarized as follow: 
Proposal 1: For TA of SRS in multiple cells, support Option 3:
· Initial TA acquisition of a non-serving cell can be based on UE initiated RA procedure;
· The UE maintains multiple TAs, wherein each TA corresponds to a cell or a cell group;
· The UE determines the corresponding TA to apply for the SRS transmission based on the associated unified TCI state.
Proposal 2: For spatial relation of SRS in multiple cells, support Option 2:
· Enhance the unified TCI state framework to support positioning SRS:
· Include DL PRS as a source RS type;
· Include positioning SRS as a source RS type;
· The UL or joint TCI state can apply to the positioning SRS, wherein the source RS can be associated directly or indirectly to a non-serving cell.
Proposal 3: For power control of SRS in multiple cells:
· Support Option 2 for pathloss RS, and the enhanced unified TCI state framework to support positioning SRS can automatically provide the configuration for pathloss RS;
· If the configured pathloss RS is not valid, the passloss can be calculated based on RS resources obtained from the last SSB measurement from the new camping cell, when the associated SS-RSRP of the last SSB is above a threshold;
· A UE can reuse the value of p0 and alpha when the SS-RSRP difference between the last serving cell and new camping cell is within a threshold; otherwise the UE can request an updated value of p0 and/or alpha.
Proposal 4: Support UE initiated SRS configuration update request and gNB indicated SRS configuration update without entering RRC_CONNECTED.
Proposal 5: Support paging and PEI based activation/deactivation of positioning SRS.
Proposal 6: Support PRS related measurement metrics for RRC_IDLE, e.g., DL PRS-RSRP, DL PRS-RSRPP.
Proposal 7: Support PRS based positioning measurement window(s) for RRC_IDLE.
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