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[bookmark: _Ref506539118]Introduction
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


In this contribution, we discuss SRS configuration enhancements for LPHAP use case considering the above RAN1 decisions and those in 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 meeting but could not converge. The latest version of the FL proposal is quoted below:
	Updated Proposal 1-2 (III) 
· 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:
· By default, UE maintains the TA obtained from the last serving cell within the validity area,
· Note: This assumes that the geometric cell coverage is small.
· When the DL reference timing difference exceeds a threshold, UE may autonomously adjusts the TA up to its implementation in accordance to changes in the DL reference timing. 
· [bookmark: _Hlk133333312]The threshold can be provided by the network to control the UE behaviour of autonomous TA adjustment. 
· FFS: whether/how to define additional rules to enable the UE autonomous TA adjustment, and if supported, whether the rule applies only for cell-reselection scenarios or for both same-cell mobility and cell-reselection scenarios.
· The DL reference timing follows the DL timing of current camping cell.



For the scenarios where the geometric and channel situation may not change significantly, adjacent cells may have similar coverage with similar cell radius and small range, e.g., indoor warehouse scenario. UE may reuse the TA from the last serving cell where the UE obtained a TA value and can use it when UE reselects to the new cell, i.e., same TA within the list of cells as long as validity criteria is maintained. Note that for timing advance, in Rel-17 SRS transmissions in RRC_INACITVE state, the SRS transmission is based on a valid TA with respect to the DL synchronization to the serving cell to avoid UL interferences to the serving cell. RAN2 agreed that the TA timer mechanism and RSRP-based TA validation mechanism that was defined for CG-SDT are reused for SRS transmission in RRC_INACTIVE state. By reusing TA of the last serving cell where UE obtained the TA value, the TA validity criterion (e.g., TimeAlignmentTimer, RSRP threshold) can also be reused, which has better robustness. RAN1 has already concluded that it is feasible to configure SRS positioning validity area-specific TA timer (e.g., with larger values) and area-specific RSRP change threshold for a UE in RRC_INACTIVE state. 
First, the note on geometric cell coverage is not necessary in the context of the above proposal and a potential RAN1 agreement for normative specs. 
The above proposal aims to define a robust TA determination mechanism that is essentially an extension of the current TA adaptation mechanism for a single-cell case to a scenario wherein a single SRSp transmission configuration can be valid over a “validity area” spanning multiple cells. In this regard, the default is to rely on the TA from the last serving cell, with the acknowledgment that the UE may further make any autonomous adjustments as it determines changes in the DL reference timing to satisfy the overall timing accuracy requirements. 
In view of this, additional rules, e.g., based on threshold on DL timing changes as configured by last serving gNB, as indicated in the “FFS” bullet would not be necessary or even appropriate. A main motivation cited for such threshold-based control has been to disable the UE from performing any autonomous adjustments. However, we see issues with disabling UE-autonomous TA adjustments from the perspectives of:
· efficacy - it is unclear how thresholds on DL timing can be configured accurately by a serving gNB;
· UE complexity - potentially having to maintain multiple UL timings for SRSp transmissions and other UL transmissions; and
· UL TDOA performance – overall impact to disabling any UE autonomous adjustments in response to variations in the DL timing remains unclear.
Here, it is emphasized that the purpose of UE-autonomous TA adjustment is essentially to maintain an overall UL timing that remains consistent with the DL reference timing and the original TA, and thus, remains predictable at the NW side. This aspect is critical in the context of UL TDOA performance. 
The cell reselection case is easier to see this – post cell reselection, if the UE intends to transmit PRACH (e.g., triggered by MO traffic), it would be expected to transmit with NTA=0. Towards this, the last sub-bullet already allows for change in the DL reference timing – to follow that of the current camping cell. 
In RRC_CONNECTED state, the UE performs autonomous adjustments to the TA to effectively track changes in DL reference timing. This can be extended for SRSp transmissions in RRC_INACTIVE state, which is the case in Rel-17 for when the UE remains camped on the last serving cell.  Now, we additionally extend it to the case when the UE may transition between cells. Thus, the UE should be allowed to adjust its Tx timing autonomously based on its evaluation of the DL reference timing – not only to account for changes in the DL reference timing when camping on the last serving cell but also upon cell reselection. Configuring a threshold for this purpose for RRC_INACTIVE UE does not seem necessary or effective.  

The feasibility for gNB to predict UL timing (which can change frequently) accurately based on a threshold which is set for the whole area, and thus its effectiveness in improving measurement accuracy, remains questionable. On the possible similar handling as for RSRP change thresholds, RSRP is a robust metric for a rough guess - timing reference is a more sensitive metric and especially when considered with respect to a single TRP, it can be challenging to determine meaningful thresholds applicable for a wide area comprising multiple TRPs/cells.  As the timing reference is with respect to a single reference - this can vary significantly depending on type of link (LOS/NLOS, etc.) between UE and gNB that may not reflect UE's rough location as well as RSRP. This is also a reason why threshold on timing reference itself is not used for TA validation and instead RSRP is used.  

Proposal 2: 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:
· By default, UE maintains the TA obtained from the last serving cell within the validity area.
· UE may autonomously adjust the TA in accordance to changes in the DL reference timing.
· The DL reference timing follows the DL timing of current camping cell.

On the issue of TA validity criteria, RS used for RSRP change, and the RSRP change threshold, following from the above discussion on the basic idea of extending the current cell-specific behavior to a “validity-area-specific” behavior, 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 – the threshold value may be extended appropriately considering the validity area
Proposal 3: The pathloss reference for the RSRP change threshold is the SSB from the last serving cell. 
Proposal 4: Reuse Rel-17 TA validity criteria with the assumption that area-specific TA timer (e.g., with larger values), and area-specific RSRP change threshold can be applied. 

Spatial relation
During RAN1 # 112bis-e, the following was agreed:
	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.



First to note, with the second agreement that addresses both cases when spatial relation info is provided as part of the SRSp configuration or not, the first working assumption can be confirmed. 
Next, in our view, the validity criteria for spatial relation applies regardless of cell reselection, i.e., it is only related to UE mobility. Hence, as long as the configured parameters are valid, i.e., UE is able to accurately measure of the configured RS indices, a common UL positioning SRS across multiple cells can still work. 
Proposal 5: If spatial relation information is configured, Rel-17 validity criteria of spatial relation for SRS transmission can be reused.

Pathloss RS information
Similar to the Spatial relation information, two options are considered for pathloss RS as well and both 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
	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.
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



When pathloss RS information is provided, we think it can be configured as a fixed SSB within the validity area applying to all the cells. If validity criteria fails for the configured SSB, the fallback procedure can be to use the detected SSB of the new camping cell. Thus, we support Alt. 2-1 from the above-quoted agreement. This avoids using RACH/RA-SDT procedure to obtain the information and increase UE power consumption, which is a challenge for Alt. 2-5. 
Alt. 2-4 goes against the idea of configuring a single SRSp configuration over a validity area and effectively implies need for additional resource reservation and blind detection attempts at all TRPs within the validity area. 
Moreover, as mentioned above, geometric properties and range of the cells within the validity area are expected to be similar, and we think there is no critical need to configure P0 and alpha in a cell-specific manner. 
Proposal 6:  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:
· 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.
Proposal 7: 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]Conclusions
In this contribution, we discussed several aspects related to SRS configuration in multiple cells considering prior decisions in RAN1 and 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: 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:
· By default, UE maintains the TA obtained from the last serving cell within the validity area.
· UE may autonomously adjust the TA in accordance to changes in the DL reference timing.
· The DL reference timing follows the DL timing of current camping cell.

Proposal 3: The pathloss reference for the RSRP change threshold is the SSB from the last serving cell. 
Proposal 4: Reuse Rel-17 TA validity criteria with the assumption that area-specific TA timer (e.g., with larger values), and area-specific RSRP change threshold can be applied. 
Proposal 5: If spatial relation information is configured, Rel-17 validity criteria of spatial relation for SRS transmission can be reused.
Proposal 6:  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:
· 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.
Proposal 7: 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.
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