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Introduction
In RAN#98-e meeting, a new WID on expanded and improved NR positioning was approved [1], in which the application of NR positioning is further expanded to enable sidelink positioning and ranging, improved accuracy, integrity and power efficiency, and positioning for RedCap UEs. To support power efficiency enhancements, the following objectives were identified:
	· 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 further provide our views on SRS configuration enhancements based on the outcomes of RAN1#112 meeting [2].

SRS in multiple cells
[bookmark: _Ref31533076]As clarified by the WID objective, to support SRS valid in multiple cells, details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells should be considered.

2.1 Validity of SRS parameters
SRS parameters independent on UE location
In Rel-17, the following configurations of SRS positioning in RRC_INACTIVE state are conveyed in RRCRelease messages, where on top of the Rel-16 SRS positioning configurations, BWP information, TA timer and RSRP change threshold are additionally provided:
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The configuration of SRS positioning in Rel-16 contains the following parameters:
· SRS positioning resource set
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· SRS positioning resource
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In the last RAN1 meeting, the following agreement was made on the common parameters for SRS configurations independent on UE locations in multiple cells:
	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



Companies shared views that most parameters on the SRS configuration except for that related to UE locations can be directly extended to multiple cells. However, there was one FFS point on whether sequence ID is configured commonly across cells or per cell basis. 
During the discussion in the last meeting, some companies had concerns on the SRS capacity if sequence ID is configured commonly across cells and preferred to make it per cell basis. In our views, the SRS capacity is dependent on resources in time, frequency, spatial, and code domain. As defined by LPHAP use case 6, the positioning interval is required to be 15~30s, and hence, the periodicity of SRS in multiple cells can be as long as 10.24s and even longer (as proposed by some companies to introduce larger SRS periodicity value). From the time domain perspective, we think that it has already provided sufficient SRS capacity for typical LPHAP use cases, e.g., the indoor factory scenarios. Hence, we don’t see strong advantages to introduce a per cell basis sequence ID.
Proposal 1: For SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, sequence ID is configured commonly across cells within the validity area.

TA timer and RSRP change threshold
In RAN1#112 meeting, whether the value of TA timer and RSRP change threshold configured in the SRS configurations for UEs in RRC_INACTIVE state can be extended to multiple cells, and the following agreement was achieved:
	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


In Rel-17, the RS used to measure the increase/decrease of RSRP is the downlink pathloss reference RS. During the discussion, some companies suggested to further consider whether the reference RS for the RSRP change threshold is further enhanced and its relationship with the RSRP change threshold applicable to multiple cells. In general, it seems not necessary to update the reference RS for the RSRP change threshold, though it is dependent on UE location, with a larger value of RSRP change threshold, use of an area-specific RSRP change threshold for TA validation is feasible no matter which RS is adopted as the reference RS.
On the other hand, we are open to consider enhancement on the reference RS for the RSRP change threshold. Taking UE location-based SRS parameters into account, some enhancements may be required for power control, spatial relation, and UL timing to transmit SRS, and it may have impact on enhancement on related downlink reference RS. In this sense, the reference RS for the RSRP change threshold can be re-considered accordingly.
Proposal 2: From RAN1 perspective, it is feasible to use of area-specific RSRP change threshold for TA validation no matter which RS is used as the reference RS for the RSRP change threshold.
· Open to discuss further enhancements on the reference RS for the RSRP change threshold in consideration of enhancements on power control, spatial relation, and UL timing to transmit SRS in multiple cells.

2.2 UL timing
In the last RAN1 meeting, the following agreement was reached:
	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



Several options were agreed for further down-selection for the determination of UL timing to transmit SRS in multiple cells. In the following, we further provide our views.
For Option 1, UE maintains the TA obtained from the last serving cell within the validity area, which is based on the current TA mechanism in R16/17 positioning for the transmission of SRS positioning towards serving/neighboring cells. Whether such an option is feasible depends on the deployment and configuration of the cell list. First of all, the geometrical coverage of adjacent cells within the validity area should be approximately the same. On the other hand, the size of the positioning area containing multiple cells should be covered by the CP, in which cases the ICI would not be an issue. To be specific, considering the SCS of 30 kHz in FR1, the CP length is 2.34 us which covers 703m. In addition, it should be assumed that cells within the validity area are synchronized. Note that a typical use case of LPHAP is the indoor factory scenarios of flexible assembly lines, logistics and products management, it can be easily ensured that the geometrical coverage among cells are the same and the cells are synchronized. In addition, by implementation, the validity area of SRS positioning can be within the range, and therefore the same TAG can be maintained within the list of cells. 
Observation 1: The feasibility of UE maintaining the TA obtained from the last serving cell within the validity area depends on the deployment and configuration of the validity area:
· The geometrical coverage of adjacent cells within the validity area should be approximately the same.
· The size of the positioning area should be covered by the CP (e.g., a coverage of 703m with 30 kHz SCS).
· The cells within the validity area should be well synchronized.
Observation 2: The deployment and configuration requirements for a UE to maintain a single TA within the validity area can be easily achieved in a typica LPHAP use case/scenario by NW implementation.
For Option 2, UE can autonomously adjust the TA, which requires no limitations on the geometrical coverage size between adjacent cells and the size of the validity area, and hence Option 2 is a more general and common solution. There was a remaining issue on how the UE adjusts the TA. A straightforward solution is that the UE can adjust the TA based on the DL time difference measured from the last serving cell and the new camping cell (e.g., using SSB). Similar as Option 1, this solution should assume that cells within the validity area are well synchronized and can be easily achieved by NW implementation. In addition, such solution may have potential specification impact on RAN4, to further define the requirement for UE to adjust the TA.
Observation 3: UE autonomously adjust the TA based on that from the last serving cell and the DL time difference measurement of SSBs from the last serving cell and the new camping cell should be based on the assumptions that cells within the validity area are well-synchronized, which can be achieved by NW implementation.
For Option 3, it was proposed to use the two TA framework that is under the discussion in Rel-18 mobility AI. This option is not feasible to our understanding. First, based on the discussion on two TA in Rel-18 mobility, the UE can maintain multiple TA values, and it can use one TA when transmitting to a TRP and then use another TA when transmitting to a different TRP. It indicates that, for example, when a LPHAP UE sending SRS towards two TRPs, it will use TA1 to transmit SRS towards TRP1 and use TA2 to transmit SRS towards TRP2, then the measurement RTOA and the further obtained RSTD introduces the timing errors caused by the changing between the two TAs and will further decrease the positioning accuracy. In addition, to maintain multiple TAs, the UE has to using RACH procedure to acquire TA from different cells and it will further increase the power consumption.
Observation 4: UE maintains multiple TA values is not feasible to obtain accurate location estimates and may further increase the power consumption.
In addition, to determine the UL timing to transmit SRS for positioning, all the three options for timing advance should be adjusted based on a DL reference timing. In our views, as a UE moves within the validity area, the DL reference timing should follow that from the new camping cell.
Proposal 3: 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 DL reference timing, UE follows the DL timing from the new camping cell.
· For the timing advance, support one or both of the following options:
· Option 1: UE maintains the TA obtained from the last serving cell within the validity area
· Note: By NW implementation, it is assumed that the cells within the validity area have approximately the same geometrical coverage size and are well synchronized, and the size of the validity area should be covered by the length of CP.
· Option 2: UE autonomously adjusts the TA 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.
· Note: By NW implementation, it is assumed that the cells within the validity area are well synchronized.
· It is up to RAN4 to define the requirement of UE adjust the TA.

2.3 Spatial relation information
[bookmark: _GoBack]In Rel-17, it was specified to reuse the validity criteria of open loop power control as the validity criteria of the spatial relation information for the configured RS, and if UE determines that the validity rule cannot be met, the SRS transmission is suspended. For a configured SRS in multiple cells, as the UE can move outside of the serving cell, the validity rule of spatial relation information is not applicable to keep such SRS valid across multiple cells. 
	In RAN1#112 meeting, the following options on spatial relation information of SRS in multiple cells were agreed to further study: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.


In our views, Option 1a is the most simple and straightforward solution for the spatial relation of an SRS for positioning in multiple cells. If the spatial relation information is not provided in the configurations, the UE can transmit the SRS in a beam sweeping way. As in TS 38.214, such UE behavior of transmitting SRS for positioning resources in case that the spatial relation information is absent has already been specified, Option 1a requires almost no specification impact. In addition, by adopting Option 1a, no validity criteria of spatial relation for the configured RS and corresponding UE fallback behavior is required to be defined. During the discussion in the last RAN1 meeting, some companies argued that Option 1a may further increases the UE power consumption since multiple SRS resources within an SRS resource set should be configured for beam sweeping. In our views, at least in FR2, to enable positioning methods including multi-RTT, UL TDOA and UL AoA, the SRS resources has to be sent towards multiple serving and/or neighboring TRPs with different spatial domain transmission filters. Therefore, multiple SRS resources are required no matter spatial relation information is provided or not. 
Regarding Option 2, we don’t think Option 2 is a feasible solution. The reason is that as the UE trajectory within the validity area is not predictable, it would be difficult to properly configure the reference RS for the spatial relation of a cell in the area (e.g., up to 64 SSBs can be enabled in a cell in FR2, it is hard to determine which one is pre-configured and/or provided to UE).
Proposal 4: For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support the following option:
· Option 1a: Spatial relation information is absent in the configuration, and UE transmits SRS for positioning resources using different spatial domain transmission filter.
· No validity criteria of spatial relation for the configured RS and corresponding UE fallback behavior is required.

2.4 Power control
In Rel-17, it was specified to reuse the validity criteria of open loop power control in Rel-16, and if UE determines that it cannot accurately measure the pathloss RS, the SRS transmission is suspended.
In the last RAN1 meeting, the following options on power control was approved for further study:
	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.


To support SRS in multiple cells, the power control mechanism should be considered to keep such SRS valid within multiple cells and meanwhile avoid introducing severe UL interferences to these cells. A feasible solution is to update the fallback behavior that when the UE cannot accurately measure the pathloss RS. To be specific, the UE can use the resources to obtain MIB with the largest RSRP to determine the transmit power, and not limit the resources from the old serving cell. In addition, some (pre)configured transmit power or pathloss offset can be configured with the SRS in multiple cells. 
Proposal 5: For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support the following option:
· Option 2: Pathloss RS is provided in the configuration.
Proposal 6: For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, reuse the validity criteria of open loop power control defined in NR R16/17 positioning.
Proposal 7: For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, when UE determines that the validity criteria of pathloss RS is not met, consider the following alternatives:
· Alt. 1: UE can use the resources to obtain MIB with the largest RSRP from multiple cells within the validity area to determine the transmit power.
· Alt. 2: UE can use the (pre-)configured transmit power or pathloss offset for SRS in a cell within the validity area to determine the transmit power.

2.5 UL interference
Based on the discussion on timing advance in Section 2.2, with proper TA values, the UL interference due to misalignment of UL timing is not an issue. In addition, there may have another interference caused by SRS collision. However, in R16 positioning, the SRS positioning configuration is determined by serving gNB and such potential collision and interference still exists, and no optimization is considered in previous releases. In our views, such optimization or coordination of SRS resources in multiple cells can also be addressed based on NW implementation, and does not need to be specified.
Proposal 8: UL interference due to SRS collision can be addressed by NW implementation. No specification work is required.

SRS pre-configuration, activation and/or request procedure(s)
In Rel-17 positioning, pre-configuration of measurement gaps, NW (de)activation and UE request of a pre-configured measurement gap was specified. Similar mechanism can be used for pre-configuration, activation/request of SRS for positioning resources. 
From RAN1 perspective, the condition of UE request of a pre-configured SRS for positioning should be discussed. In our views, at least when a UE moves outside of a validity area, it can request and get activated a pre-configured SRS for positioning update without re-entering the RRC_CONNECTED state, e.g., via 2/4-step RACH procedures. Details are up to RAN2.
Proposal 9: At least when a UE moves outside of a validity area, it can request and get activated a pre-configured SRS for positioning update without re-entering the RRC_CONNECTED state. RAN1 waits for RAN2’s progress on this issue.

Conclusions
In this contribution, we provide our views on LPHAP, and the following observations and proposals are made:
Observation 1: The feasibility of UE maintaining the TA obtained from the last serving cell within the validity area depends on the deployment and configuration of the validity area:
· The geometrical coverage of adjacent cells within the validity area should be approximately the same.
· The size of the positioning area should be covered by the CP (e.g., a coverage of 703m with 30 kHz SCS).
· The cells within the validity area should be well synchronized.
Observation 2: The deployment and configuration requirements for a UE to maintain a single TA within the validity area can be easily achieved in a typica LPHAP use case/scenario by NW implementation.
Observation 3: UE autonomously adjust the TA based on that from the last serving cell and the DL time difference measurement of SSBs from the last serving cell and the new camping cell should be based on the assumptions that cells within the validity area are well-synchronized, which can be achieved by NW implementation.
Observation 4: UE maintains multiple TA values is not feasible to obtain accurate location estimates and may further increase the power consumption.

Proposal 1: For SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, sequence ID is configured commonly across cells within the validity area.
Proposal 2: From RAN1 perspective, it is feasible to use of area-specific RSRP change threshold for TA validation no matter which RS is used as the reference RS for the RSRP change threshold.
· Open to discuss further enhancements on the reference RS for the RSRP change threshold in consideration of enhancements on power control, spatial relation, and UL timing to transmit SRS in multiple cells.
Proposal 3: 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 DL reference timing, UE follows the DL timing from the new camping cell.
· For the timing advance, support one or both of the following options:
· Option 1: UE maintains the TA obtained from the last serving cell within the validity area
· Note: By NW implementation, it is assumed that the cells within the validity area have approximately the same geometrical coverage size and are well synchronized, and the size of the validity area should be covered by the length of CP.
· Option 2: UE autonomously adjusts the TA 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.
· Note: By NW implementation, it is assumed that the cells within the validity area are well synchronized.
· It is up to RAN4 to define the requirement of UE adjust the TA.
Proposal 4: For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support the following option:
· Option 1a: Spatial relation information is absent in the configuration, and UE transmits SRS for positioning resources using different spatial domain transmission filter.
· No validity criteria of spatial relation for the configured RS and corresponding UE fallback behavior is required.
Proposal 5: For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support the following option:
· Option 2: Pathloss RS is provided in the configuration.
Proposal 6: For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, reuse the validity criteria of open loop power control defined in NR R16/17 positioning.
Proposal 7: For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, when UE determines that the validity criteria of pathloss RS is not met, consider the following alternatives:
· Alt. 1: UE can use the resources to obtain MIB with the largest RSRP from multiple cells within the validity area to determine the transmit power.
· Alt. 2: UE can use the (pre-)configured transmit power or pathloss offset for SRS in a cell within the validity area to determine the transmit power.
Proposal 8: UL interference due to SRS collision can be addressed by NW implementation. No specification work is required.
Proposal 9: At least when a UE moves outside of a validity area, it can request and get activated a pre-configured SRS for positioning update without re-entering the RRC_CONNECTED state. RAN1 waits for RAN2’s progress on this issue.
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