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Introduction
In RAN1#112, we discussed the SRS for positioning configurations in multiple cells and reached some agreements. In this paper, we further provide our views on the UL timing, spatial relationship and power control of positioning SRS configurations in multiple cells. 

SFN transmission of cell-agnostic DL RS
For LPHAP, an SRS configuration is expected valid across multiple cells within the SRS positioning validity area, while there is misalignment in DL since what UE can use now for DL is cell-specific DL RS (e.g. SSB). One way to overcome this abrupt change at the UE side is to introduce the SFN transmission scheme of a cell-agnostic DL RS from all the cells in the SRS positioning validity area. With the SFN transmission scheme, the CIR for the corresponding cell-agnostic DL RS is the composite multi-path from multiple cells. This RS could in a sense be area-specific so that its DL timing and DL RSRP reflect the area-specific timing and power.
Cell-agnostic DL RS enables only single measurement for INACTIVE UE for DL synchronization and SRS power control. From UE perspective, the additional benefits can be listed as follows:
· Reduce the complexity and effort of measurement. The pathloss would be estimated only based on a single RS, which means that the whole procedure of pathloss re-estimation for the current camping cell is removed. In other words, the RSRP measurement(s) corresponding to multiple neighbouring cells are no longer needed to be estimated by UE.
· Reduce configuration overhead. Compared with configuration based on multiple reference signals each from a distinct cell, only one RS needs to be configured for the SRS positioning validity area to UE, which means that the configuration overhead can be lower.
One candidate solution for this DL agnostic RS could be CSI-RS or CSI-RS for tracking, due to its nature of the possibility being cell-agnostic. The only enhancement from protocol perspective is to allow CSI-RS or CSI-RS for tracking to be configured as the pathloss reference for positioning SRS in RRC_INACTIVE state.
Therefore, we have the following proposal.
Proposal 1: Support to define a cell-agnostic DL RS transmitted in the SFN manner from the cells in the SRS positioning validity areas to obtain the DL reference timing and the pathloss estimate.
· Candidate RS could be CSI-RS or CSI-RS for tracking. 

SRS for positioning configurations in multiple cells
The following issues are to be discussed respectively for multi-cell SRS configuration.
Common parameter of SRS in multiple cells
In RAN1#112[1], we have the following agreements with regards to the common parameter of positioning SRS.
	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



The time and frequency resource configuration of positioning SRS has already been agreed as the common parameters across multiple cells within SRS positioning validity area. Instead of that, we believe sequence ID should also be the common parameter, as RAN2 concluded that the support of SRS positioning validity area should not require gNB to monitor multiple SRS configuration simultaneously in section 6.4.2.2 of TR 38.859. Therefore we have the following proposal.
Proposal 2: The sequence ID of positioning SRS should be applied to multiple cells pertaining to one positioning area.

UL timing
In RAN1#112[1], we have the following agreements with regards to the UL timing of positioning SRS 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




In previous releases, UL timing is only based on serving cell, including the DL reference timing measured from the serving cell DL, the TA command received from the serving cell, TAT timer (TAT) configured by the serving cell.
For positioning SRS in multiple cells, when UE enters INACTIVE state, UL timing of the SRS could be based on the timing advance received from the last serving cell, but a DL reference timing may not be always associated with the last serving cell, as UE may move farther away. A simple way to overcome this is to allow the DL reference timing to be dynamically updated to the current camping cell. As shown in Figure 1, the DL reference timing for UL SRS timing determination may change over the distance between the UE and the current camping cell, and at a certain point may also switch to another timing due to e.g. cell reselection. In this way, the UL SRS timing will not drift away with the distance change between UE and the last serving cell to ensure that the SRS is anyway UL synchronized to the surrounding TRPs. Therefore, the time alignment timer from the last serving cell can be set to a larger value to keep one TA when UE is moving within the SRS positioning validity area. 
For Option 2, UE updates the TA from the last serving cell based on time difference may help for timing alignment. However, there may be multiple issues. For example, it is not clear whether UE should even track the DL timing change due to mobility within a camping cell and adjust the TA. If the timing of the last serving cell is also changing due to mobility, it is not clear upon cell reselection which timing should be used to determine the timing of the last serving cell.
For Option 3, we do not think it is even feasible for positioning and if UE maintains different TA or different UL Tx timing, the UL-TDOA based positioning method will fail in principle.
Therefore, we have the following proposal with regards to the TA value.
Proposal 3: For the UL timing advance of positioning SRS in multiple cells, support 
· Option 1: UE maintains the TA obtained from the last serving cell within the validity area. 
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As we mentioned in Section 2, the estimated CIR of the SFN transmission scheme of a cell-agnostic DL RS can be considered as composite multi-paths from multiple cells. When UE is moving across cells within the SRS positioning validity area, the timing of the first path will always corresponding to the current camping cell. In addition, difference with the previous mentioned solution, cell-agnostic DL RS enable smooth TOA measurement at TRP side. 
With the benefits we listed above, we believe it also could be utilized as DL reference timing of TA.
Proposal 4: For the DL reference timing of TA, support to use DL timing of the cell-agnostic DL RS if the cell-agnostic DL RS is provided.

Since RSRP measurement of cell-agnostic DL RS is related with the distance between gNBs within the validity area and UE, the use of it in conjunction with the area-specific RSRP change threshold is corresponding to the definition of legacy TA validation for SRS transmission in RRC_INACTIVE. From the TA validation perspective, it is better to be used as the reference RS for the RSRP change threshold. 
Therefore, we have the following proposal.
Proposal 5: For TA validation, we support to use RSRP of the cell-agnostic DL RS to compare with the RSRP change threshold, if the cell-agnostic DL RS is provided.

Spatial relation information
In RAN1#112[1], we have the following agreements with regards to the spatial relation information of positioning SRS in multiple cells.
	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.




For Option 1b, it is not clear how a fixed Tx beam (spatial domain transmission filter) is implemented. Usually it is not possible for a UE to claim to transmit SRS using a fixed beam throughout all instances. If we interpret fixed Tx beam as the fixed spatial relation RS, e.g. always the selected SSB of the camping cell, it may not be possible for the SRS to be received by neighbouring cells, or the multiple TRPs within the camping cell.
For Option 2, beam alignment of SRS could be accomplished based on configuration of spatial relation information. One possible implementation would be that each SRS resource is associated with an SSB or a set of SSBs from a cell, and different SRS resources are associated with different cells. As long as UE can detect the SSB from the cell, UE should transmit the SRS using the corresponding beam for receiving the SSB. In that case, the number of SRS resources configured should be equivalent to the number of cells within the SRS positioning validity area. The problem of it is resource waste because UE may not be able to receive SSBs from all the cells in the SRS positioning validity area, yet a SRS resource is configured for every cell and some SRS resources will not be transmitted by the UE.
Therefore, we think Option 1a should be the only valid solution for the design of SRS spatial relation, and UE should perform Tx beam sweeping for the purpose SRS transmission in the SRS positioning validity area.
Proposal 6: For the spatial relation of an SRS for positioning configuration in multiple cells, support:
· Option 1a: Spatial relation information is absent in the configuration, UE transmits SRS for positioning resources using different spatial domain transmission filter.

Power control
In RAN1#112[1], we have the following agreements with regards to the power control of positioning SRS configuration in multiple cells.
	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 Option 1, we do not think it is feasible, since any SRS resource set should have its pathloss reference configured, which is a mandatory field in RRC. For some implementations, the specific RS ID or index can be omitted, but at least PCI of the non-serving cell SSB or the PRS resource set ID should anyway be provided, so as to provide a general guideline on which RS to use for OLPC.
Therefore, we have the following proposal with regards to pathloss reference RS configuration
Proposal 7: For the power control of positioning SRS in multiple cells, support
· Option 2: Pathloss RS is provided in the configuration
As we mentioned in Section 2, pathloss estimated only based on a cell-agnostic DL RS could make the procedure simpler. UE does not need to re-estimate RSRP measurement(s) for the purpose of cell reselection, meaning that the RRM procedure could also be bypassed within the SRS positioning validity area as long as certain condition is met. In addition, the configuration could be simpler too. That is to say, using this single DL RS as pathloss RS can reduce the complexity of measurement, but also can reduce the configuration overhead. Therefore, we have the following proposal.
Proposal 8: For the configuration of pathloss RS, support pathloss RS is configured as a cell-agnostic DL RS if the cell-agnostic DL RS is provided.

Conclusion
In this contribution, we provided our views on the positioning SRS configurations in multiple cells. Based on the discussion, we have the following proposals.
Proposal 1: Support to define a cell-agnostic DL RS transmitted in the SFN manner from the cells in the SRS positioning validity areas to obtain the DL reference timing and the pathloss estimate.
· Candidate RS could be CSI-RS or CSI-RS for tracking. 
Proposal 2: The sequence ID of positioning SRS should be applied to multiple cells pertaining to one positioning area.
Proposal 3: For the UL timing advance of positioning SRS in multiple cells, support 
· Option 1: UE maintains the TA obtained from the last serving cell within the validity area. 
Proposal 4: For the DL reference timing of TA, support to use DL timing of the cell-agnostic DL RS if the cell-agnostic DL RS is provided.
Proposal 5: For TA validation, we support to use RSRP of the cell-agnostic DL RS to compare with the RSRP change threshold, if the cell-agnostic DL RS is provided.
Proposal 6: For the spatial relation of an SRS for positioning configuration in multiple cells, support:
· Option 1a: Spatial relation information is absent in the configuration, UE transmits SRS for positioning resources using different spatial domain transmission filter.
Proposal 7: For the power control of positioning SRS in multiple cells, support
· Option 2: Pathloss RS is provided in the configuration
Proposal 8: For the configuration of pathloss RS, support pathloss RS is configured as a cell-agnostic DL RS if the cell-agnostic DL RS is provided.
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