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1 Introduction 
In RAN#98 meeting a work item on Expanded and Improved NR Positioning was approved [1]. To enable LPHAP use-case 6 defined in TS 22.104, following objectives will be discussed for normative works:
	· 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 potential enhancements of SRS configuration based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration. 
2 Discussion
2.1 UL Timing 
DL reference timing
In Rel-17, UEs in RRC inactive sate determines DL reference timing for SRS for positioning transmission based on the DL RS from the last serving cell. To support SRS for positioning transmission across cells within a positioning validity area, methods for determining DL reference timing should be specified. If the DL RS of the last serving cell is used to determine the DL reference timing of the SRS for positioning configured for multiple cells, the UL timing drift will accumulate as the UE moves away from the last serving cell. Instead, using DL RS of the current camping cell for determining DL reference timing can be considered. 
Proposal 1: The DL reference timing follows the DL timing of current camping cell

TA determination
Based on the discussions in the last meeting, following two options can be considered for TA determination. 
· Option 1: The UE maintains the TA obtained from the last serving cell within the validity area
· Option 2: The UE autonomously adjusts the TA up to its implementation
Option 1 is the simplest method and is advantageous in terms of UE power efficiency. Moreover, considering the LPHAP use-case 6 as defined in TS 22.104, timing misalignment due to the UE mobility can be covered by CP length even when a fixed TA value is maintained over the positioning validity area. Hence, it is preferable to support option 1 by default.
On the contrary, in case where cell coverages within a positioning validity area are different to each other, maintaining fixed TA value may cause sudden change of SRS arrival time due to the imbalanced DL reference timing between a previous and current camping on cell. In addition, the appropriate TA value for a cell may vary from cell to cell, as the maximum propagation delay of the DL reference signal in a camping cell may vary depending on cell coverage. The LMF may send search window information that indicates when the SRS is expected to arrive in time at the TRP relative to the UL RTOA reference Time. If SRS arrives too much earlier/later than expectation, TRP may fail to detect SRS of the UE. In this case, TA adjustment by the UE may have benefits. However, it should be noted that UE autonomously TA adjustment without restriction may cause undesired interference and/or TA unavailability. For example, consider the case where a UE adjusts its TA once in a camping cell and the adjusted TA value is retained within the camping cell. If the UE adjusts the TA based on DL reference timing at the cell edge area of a new camping cell, it may not be appropriate to apply it near the TRP of the camping cell. To prevent UEs from determining inappropriate TA values, it would be useful to restrict UEs to determine new TA values only within the range configured by the network. For example, maximum and minimum TA value, or the amount of TA value that UE can adjust can be provided in the configuration.
Observation 1: If the UE adjusts the TA without any restrictions, it would be difficult to predict the time when the SRS arrives at the TRP.

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
· By default, UE maintains the TA obtained from the last serving cell within the validity area 
· Optionally, the UE can autonomously adjust TA value within a limited value range when it camps on the new cell within a positioning validity area.
· The TA value range allowed for the UE autonomous TA adjustment can be provided by the network 
· The UE can be provided with a list of cells where UE autonomous TA adjustment is allowed.
RSRP change threshold
As discussed in a previous section, the UL timing for SRS transmission can be determined based on DL reference timing using a DL reference signal of a current camping cell. Therefore, it seems natural to use a reference signal from the current camping cell of the UE to determine TA validation for SRS transmissions. For example, SSB of a camping cell can be used as the downlink pathloss reference for the RSRP. 
Proposal 3: The UE obtains the current RSRP for TA validation based on the downlink pathloss reference of the current camping cell.

In Rel-17, RSRP change threshold is used to determine TA validation for the last serving cell where the UE is configured to transmit SRS for positioning. If same TA validation method with RSRP condition as in Rel-17 is supported for Rel-18 SRS configuration for multiple cells, TA invalidity can be occurred when UE moves to one cell to another within the positioning validity area. Since the motivation of the SRS configuration for multiple cells is to keep SRS transmission across multiple celss without RRC reconnection, keeping SRS transmission at boundary between cells of the positioning validity area shall be allowed. For example, if the UE in Figure 1 moves to zone B where the amount of RSRP change exceeds the RSRP threshold, the UE shall stop SRS transmission. 


[bookmark: _Ref134684887]Figure 1
To ensure that the UE continues to transmit SRS without interruption due to the TA invalidity, it may be considered to perform TA adjustment when the amount of RSRP change exceeds the RSRP change threshold. For example, in Figure 1, the UE in zone A can use fixed TA value that is obtained from the last serving cell. If the UE moves to zone B, it can autonomously adjust the TA value once and continue to use the adjusted TA in zone B. 
Proposal 4: When the amount of RSRP change exceeds the RSRP change threshold, the UE autonomously adjust TA value and continue to transmit SRS for positioning configured for multiple cells.
If the cell range of the new camping cell is different from the last serving cell where the UE stores RSRP and fixed TA values, it may not be appropriate to apply the same RSRP change threshold to validate the TA. Hence it may be worth to support configuring different RSRP change threshold for different cells. 
Proposal 5: Support configuring different RSRP change threshold for different cells.

2.2 Spatial Relation 
In the last meeting, the working assumption and the agreement on the spatial relation information were made as bellow.  
	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.


Determining spatial relation
In our view, the first option, which is the case when the spatial relation information is absent in the configuration, should be supported at least. Another option for providing spatial relationship information in the configuration can be considered optional. 
Proposal 6: Confirm working assumption on the spatial relation. 
· 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.

Validity criteria and UE fallback behaviour
For the case when the spatial relation information is provided in the configuration, RAN1 needs to decide whether/how to determine UE fallback behaviour if validity criteria for spatial relation of the configured RS is not met. The network may provide multiple SRS resources with different spatial relation to support continuous SRS transmission within the positioning validity area. Considering random UE movement and the spatial relation to support it, a large amount of SRS resources need to be configured. Therefore, from the UE power saving perspective, it would be beneficial to reuse existing validity criteria and UE behaviour; i.e. if the UE is not able to accurately measure the configured DL reference signal in SRS-SpatialRelationInfoPos for a SRS resource for positioning, the UE stops transmission of the SRS resource for positioning.
Proposal 7: The validity criteria and UE behaviour for spatial relation information in Rel-17 are used for SRS configuration for multiple cells, if spatial relation information is provided in the configuration. 

2.3 Power control
In the last meeting, the working assumption and the agreement on the power control were made as bellow.  
	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.

[bookmark: _Hlk133503663]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):
· [bookmark: _Hlk133994384]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


Configuration of pathloss RS when it is provided in the configuration
According to the agreement in the last RAN1 meeting, one or more of the alternatives listed in the agreement can be supported when pathloss RS is provided in the configuration. If Alt 2-4 is supported, the UE requires to monitor multiple pathloss RSs and power consumption may be increased compare to other alternatives. Alt 2-6 requires to introduce new always on signal. We do not believe that introducing a new always-on signal for limited use is desirable given the negative impact it could have on other DL signals/channels.
If Alt 2-1 is supported, the UE configured with pathloss RS for SRS resource set(s) fallback to option 1 when the validity criteria is failed. It might be beneficial in terms of preventing frequent RRC reconnection of the UE. However, the alternative pathloss RS determined by the UE would be less desirable from the network point of view. It should be noted that compare to option 1, benefits from option 2 is that the network can manage the reference signals for power management with explicit configuration. Therefore, the benefits of Option 2 would be diminished if the UE is unable to measure the configured pathloss RS for a long period of time. To avoid undesired situations, additional fallback behaviour can be considered to ensure that the UE has the opportunity to obtain the adjusted the pathloss RS. For example, using timer starting from when UE determines invalidity can be considered. If UE success to accurately measure the pathloss RS before the timer is expired, the UE can keep transmitting SRS for positioning based on the stored configuration. 
Proposal 8: For the power control of SRS for positioning configuration in multiple cells for a UE in RRC INACTIVE state, when pathloss RS is provided in the configuration
· Reuse the configuration of pathloss RS in Rel-17
· Reuse the validity criteria of open loop power control for SRS transmissions by RRC_INACTIVE UEs in Rel-17
· When the validity criteria of open loop power control fail, start timer for invalidity of open loop power control
· During the timer is running, the 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.
· If the UE fails to accurately measure the configured pathloss RS even once by the timer is expired, the UE stops transmission of the SRS resources for positioning.

Proposal 9: Confirm working assumption on the pathloss RS for power control.
· 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.

Power control parameters
For SRS transmission power control, how to determine p0 and alpha value shall be considered. As a default option, p0 and alpha can be commonly configured across cells within the validity area. However, configuring those parameters for individual cells might be useful for some cases. For example, if cells within the validity area have different cell radius size, configuring different power control parameter would be required. 
Proposal 10: Different values of p0 and alpha can be provided for individual cells within the validity area. 


3 Conclusion
In this contribution, we discussed on potential enhancements on PRS/SRS bandwidth aggregation for positioning measurements. From the discussion, we obtained following proposals and observations: 
Proposal 1: The DL reference timing follows the DL timing of current camping cell
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
· By default, UE maintains the TA obtained from the last serving cell within the validity area 
· Optionally, the UE can autonomously adjust TA value within a limited value range when it camps on the new cell within a positioning validity area.
· The TA value range allowed for the UE autonomous TA adjustment can be provided by the network 
· The UE can be provided with a list of cells where UE autonomous TA adjustment is allowed.
Proposal 3: The UE obtains the current RSRP for TA validation based on the downlink pathloss reference of the current camping cell.
Proposal 4: When the amount of RSRP change exceeds the RSRP change threshold, the UE autonomously adjust TA value and continue to transmit SRS for positioning configured for multiple cells.
Proposal 5: Support configuring different RSRP change threshold for different cells.
Proposal 6: Confirm working assumption on the spatial relation. 
· 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.
Proposal 7: The validity criteria and UE behaviour for spatial relation information in Rel-17 are used for SRS configuration for multiple cells, if spatial relation information is provided in the configuration. 
Proposal 8: For the power control of SRS for positioning configuration in multiple cells for a UE in RRC INACTIVE state, when pathloss RS is provided in the configuration
· Reuse the configuration of pathloss RS in Rel-17
· Reuse the validity criteria of open loop power control for SRS transmissions by RRC_INACTIVE UEs in Rel-17
· When the validity criteria of open loop power control fail, start timer for invalidity of open loop power control
· During the timer is running, the 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.
· If the UE fails to accurately measure the configured pathloss RS even once by the timer is expired, the UE stops transmission of the SRS resources for positioning.


Proposal 9: Confirm working assumption on the pathloss RS for power control.
· 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.
Proposal 10: Different values of p0 and alpha can be provided for individual cells within the validity area. 
Observation 1: If the UE adjusts the TA without any restrictions, it would be difficult to predict the time when the SRS arrives at the TRP.
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