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[bookmark: _Ref506539118]Introduction
At the RANP # 98-e meeting, Rel-18 WID on the support of enhanced positioning was agreed where the following objectives were captured with regards to LPHAP device [1]:
	· 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 discuss SRS configuration enhancements that can be suitable for LPHAP use case.
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. 
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            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.
SRS activation/configuration request  
When cell reselection happens out of the positioning validity area, the UE should stop the SRS transmission as in legacy system. In order to maintain the continuity of positioning procedure, the UE should request to the network for SRS configuration update. To this end, we think mechanisms are needed to provide UE with new SRS configuration potentially staying in RRC inactive state in the new cell.
We think Msg-3 based RRC-resume-request can be used to trigger SRS configuration request in the new cell after cell reselection occurs out of the positioning validity area. Then new gNB could provide new SRS configuration/activation in a RRC release message. From power consumption perspective, it is beneficial for the new gNB to maintain the UE in RRC_INACTIVE after UE context retrieval if the RRC resume request is for SRS update only. 
Proposal 1: UE could use Msg-3 based RRC-resume-request to trigger SRS configuration/activation request when cell reselection occurs outside of validity area.
· Details of the procedure is up to RAN2.
· Note: The UE can only use Msg-3 based RRCResumeRequest to trigger SRS configuration request if allowed by the network.
	

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.




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 2: Interference issues, if any, due to the configuration of SRS across multiple cells within a validity area can be handled by gNB implementation.
On the other hand, for the scenarios where the geometric and channel situation may not change significantly, adjacent cells may have similar coverage with similar cell radius, e.g., indoor warehouse scenario. UE may reuse the TA from old cell when UE reselects to the new cell, i.e., same TA within the list of cells. 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 old cell, the TA validity criterion (e.g., TimeAlignmentTimer, RSRP threshold) can also be reused, which has better robustness.
Proposal 3: Depending on the deployment/size of validity area, a common TA can be assumed across the cells in the validity area and Rel-17 TA validity criterion is reused.
Related to the LS, it was also discussed during RAN1 # 111 regarding which SRS configuration parameters can be common across multiple cells. Currently, SRS configuration for inactive state UL positioning includes the following:
	· bwp-NUL, bwp-SUL
· locationAndBandwidth
· subcarrierSpacing
· cyclicPrefix
· inactivePosSRS-TimeAlignmentTimer, inactivePosSRS-RSRP-changeThreshold
· SRS-PosResourceSet
· srs-PosResourceSetId
· srs-PosResourceIdList
· resourceType
· alpha
· p0
· pathlossReferenceRS-Pos
· SRS-PosResource
· srs-PosResourceId
· transmissionComb
· resourceMapping 
· freqDomainShift
· freqHopping 
· groupOrSequenceHopping
· resourceType
· sequenceId
· spatialRelationInfoPos




In legacy procedure, these parameters are valid in a cell and in Rel-18, discussion is needed how to configure SRS across multiple cells, whether any parameters cannot be common across multiple cells or any change or expansion needed for any of the values in the parameter list to make it better suited in a multiple cell scenario.
Although pathlossReferenceRS-Pos and spatialRelationInfoPos are location dependent, in our view they can still be configured as part of the multi-cell SRS configuration. Serving gNB, while activating a pre-configured SRS that is valid across multiple cells, may take into account potential reception at multiple (across serving and non-serving) gNBs. In other words, the configured values may not be optimal for a cell but they may still be applicable in the area, e.g, with consideration of a wider beam and limited coverage. Accordingly, the legacy procedure can be reused.  Certainly, if the UE is not able to accurately measure the corresponding RS for pathloss reference, SRS transmission should be suspended. Depending on the deployment scenario and size of the cells, and potential trajectory of the movement of the LPHAP device, frequent validity criteria failure may be avoided. Note that the spatial relation can be valid across multiple cells in FR1 for scenarios wherein analog beamforming is not applied. Hence, whether update of the pathlossReferenceRS-Pos  and spatialRelationInfoPos parameters are needed or not may be primarily limited to FR2. In our view, at least baseline assumption is these parameters can be configured as part of the SRS configuration across multiple cells. If they are not configured, then further discussion is needed what UE’s assumption can be.
Alternative to use of a preconfigured spatialRelationInfoPos is to employ transmit side beam sweeping by the UE, and validity criteria need not be met anymore. However, depending on the SRS periodicity and number of beams, this could result in increased power consumption. On the other hand, UE could assume correspondence to the best SSB beam in the new camped cell and perform transmission with repetitions with assumption of receiver side beam sweeping at the gNB. This option also causes increased UE power consumption. Since, battery life extension is a critical aspect of LPHAP device, options like transmit side repetition or beam sweeping need careful consideration. Nonetheless, we are open to further considerations of these options, such as when the related parameters are not present in the multi-cell SRS configuration.
Observation 1: Preconfigured spatialRelationInfoPos and pathlossReferenceRS-Pos may still be applicable in a multi-cell scenario, subject to deployment conditions. 
Observation 2: SRS beam sweeping by the UE or transmit side repetition of SRS based on best SSB beam in the camped cell may cause increased power consumption, depending on SRS periodicity and number of beams.
Proposal 4: pathlossReferenceRS-Pos and spatialRelationInfoPos parameters can be pre-configured in the multi-cell SRS configuration
· FFS: Behavior when the parameters are not configured, such as
· SRS beam sweeping by the UE or SRS transmissions with repetitions based on best SSB beam in the camped cell.

In our view, the validity criteria for spatial relation and pathloss still 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 measure of the configured RS indices, a common UL positioning SRS across multiple cells can still work. 
On the other hand, according to Rel-17 specifications,	inactivePosSRS-TimeAlignmentTimer, inactivePosSRS-RSRP-changeThreshold are valid only within the serving cell. If a common SRS configuration is to be applied across multiple cells and existing TA validity criteria is reused, a straightforward approach is to support an expanded range of values than those in Rel-17.
Proposal 5: Support values with a wider range than those specified in Rel-17 for inactivePosSRS-TimeAlignmentTimer, inactivePosSRS-RSRP-changeThreshold and reuse existing TA validity criteria.
Other parameters can be applicable for multiple cells similar to single cell scenario. In our view, BWP update is not needed due to cell reselection since it is expected that same frequency and carrier distribution are typically considered for configuring multiple cells in a validity area.
Observation 3: It is expected that BWP update due to cell reselection is not required, assuming typical deployment where multiple cells in the area share same frequency and carrier distribution. 
[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed several aspects related to SRS configuration in multiple cells and we have the following observations and proposals.
Observation 1: Preconfigured spatialRelationInfoPos and pathlossReferenceRS-Pos may still be applicable in a multi-cell scenario, subject to deployment conditions. 
Observation 2: SRS beam sweeping by the UE or transmit side repetition of SRS based on best SSB beam in the camped cell may cause increased power consumption, depending on SRS periodicity and number of beams.
Observation 3: It is expected that BWP update due to cell reselection is not required, assuming typical deployment where multiple cells in the area share same frequency and carrier distribution. 
Proposal 1: UE could use Msg-3 based RRC-resume-request to trigger SRS configuration/activation request when cell reselection occurs outside of validity area.
· Details of the procedure is up to RAN2.
· Note: the UE can only use Msg-3 based RRCResumeRequest to trigger SRS configuration request if allowed by the network.

Proposal 2: Interference issues, if any, due to the configuration of SRS across multiple cells within a validity area can be handled by gNB implementation.
Proposal 3: Depending on the deployment/size of validity area, a common TA can be assumed across the cells in the validity area and Rel-17 TA validity criterion is reused.
Proposal 4: pathlossReferenceRS-Pos  and spatialRelationInfoPos parameters can be pre-configured in the multi-cell SRS configuration
· FFS: Behavior when the parameters are not configured, such as
· SRS beam sweeping by the UE or SRS transmissions with repetitions based on best SSB beam in the camped cell.

Proposal 5: Support values with a wider range than those specified in Rel-17 for inactivePosSRS-TimeAlignmentTimer, inactivePosSRS-RSRP-changeThreshold and reuse existing TA validity criteria.
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