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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 previous RAN1 meetings [2].

SRS in multiple cells
[bookmark: _Ref31533076]2.1 UL timing
In RAN1#112 meeting, the following agreement was reached on determination of UL timing:
	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 the last RAN1 meeting, this issue has been intensively discussed with a direction to merge Option 1 and Option 2; however, companies cannot converge on whether UE autonomous TA adjustment (i.e., Option 2) should be enable/disable or controlled by the NW, and no consensus was reached. The latest intermediate FL proposal is recapped 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.]
· Additionally, [if allowed by the network], UE may autonomously adjust the TA in accordance to changes in the DL reference timing. 
· 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.


From companies’ understandings on the applicable scenarios of LPHAP, the following is included:
· Scenario 1: Indoor scenario. The typical use cases include autonomous assembly lines, products management, etc. The validity area consists of multiple cells in indoor scenarios (e.g., indoor factory). In such a condition, the geometrical coverage of adjacent cells is small and similar (as we have agreed that a validity area consists of cells configured in the same band and carrier with same BWP parameters, which is an intra-frequency deployment).
· Scenario 2: Outdoor scenario. The typical use cases include logistics, etc. The validity area consists of multiple cells in outdoor scenarios (e.g., Highway). In such a condition, the geometrical coverage of adjacent cells is similar, and the cell size can be as large as 500m~1km.
· Scenario 3: Indoor and outdoor scenario. The typical use cases include autonomous assembly lines and logistics, etc., in an industrial estate. The validity area may consist of multiple cells in both indoor and outdoor scenarios. In such a condition, the geometrical coverage of adjacent cells is diverse.
For Scenario 1, UE maintains the TA obtained from the last serving cell within the validity area (i.e., Option 1) is feasible by NW deployment and implementation so that the size of a validity area can be covered by the CP. For example, a range of 703 m for 30kHz SCS in FR1.
On the other hand, regarding Scenario 2 and Scenario 3, only supporting Option 1 may limit the applicable scenarios of LPHAP, therefore, supporting Option 1 together with Option 2 can provide a more general and complete solution.
Observation 1: UE maintains the TA obtained from the last serving cell within the validity area (i.e., Option 1) is applicable to indoor scenarios, where:
· The geometrical coverage of adjacent cells within the validity area is similar.
· The size of the positioning area should be covered by the CP (e.g., a coverage of 703m with 30 kHz SCS).
Observation 2: Supporting both Option 1 and Option 2 provides a general and complete solution, which is applicable to more complicated outdoor, or indoor and outdoor scenarios, where
· The geometrical coverage of adjacent cells within the validity area is diverse.
· The size of the positioning area may be limited.

In addition, the UE autonomous TA adjustment should be controlled from NW perspective, to avoid unpredictable UE behavior and severe UL interferences. In our views, the simplest solution to let NW enable or disable of UE autonomous TA adjustment. From the above analysis, whether UE autonomous TA adjustment is needed is highly dependent on the applicable scenarios, which is predictable and even under the control of NW deployment and implementation. From this perspective, we believe that it is reasonable and feasible from NW side to properly control UE’s behavior.
Proposal 1: 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
· Additionally, if enabled by the network, 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.


2.2 Reference RS for the RSRP change threshold
In Rel-17, the TA validation for SRS transmission in RRC_INACTIVE state has been specified in TS38.321:
	[bookmark: _Toc109217654]5.26.2	TA validation for SRS transmission in RRC_INACTIVE
[bookmark: _Hlk95993306]RRC configures the following parameters for validation for SRS transmission in RRC_INACTIVE:
-	inactivePosSRS-RSRP-ChangeThreshold: RSRP threshold for the increase/decrease of RSRP for time alignment validation.
The MAC entity shall:
1>	if the UE receives configuration for SRS transmission in RRC_INACTIVE:
2>	store the RSRP of the downlink pathloss reference with the current RSRP value of the downlink pathloss reference as in TS 38.331 [5].
1>	else if Timing Advance Command MAC CE is received for inactivePosSRS-TimeAlignmentTimer as in clause 5.2:
2>	update the stored downlink pathloss reference with the current RSRP value of the downlink pathloss reference.
The MAC entity shall consider the TA to be valid when the following condition is fulfilled:
1>	compared to the stored downlink pathloss reference RSRP value, the current RSRP value of the downlink pathloss reference has not increased/decreased by more than inactivePosSRS-RSRP-ChangeThreshold, if configured.


The derivation of downlink pathloss reference is included in TS 38.331:
	5.7.17	Derivation of pathloss reference for TA validation of SRS for Positioning transmission and CG-SDT in RRC_INACTIVE
Upon request from lower layer for pathloss reference derivation for TA validation for SRS for Positioning transmission or CG-SDT in RRC_INACTIVE, the UE shall:
1>	acquire SIB2, if stored version is invalid:
2>	verify the configuration of nrofSS-BlocksToAverage and absThreshSS-BlocksConsolidation is available.
3>	if absThreshSS-BlocksConsolidation is not configured or if absThreshSS-BlocksConsolidation is configured and the highest beam measurement quantity value is below or equal to absThreshSS-BlocksConsolidation:
4>	derive the downlink pathloss reference RSRP for TA validation as the highest beam measurement quantity value, where each beam measurement quantity is described in TS 38.215 [24].
3>	else:
4>	derive the downlink pathloss reference RSRP for TA validation as the linear average of the power values of up to nrofSS-BlocksToAverage of the highest beam measurement quantity values above absThreshSS-BlocksConsolidation, where each beam measurement quantity is described in TS 38.215 [24].


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


During the last RAN1 meeting, as this issue is related to the discussion on the determination of a valid TA, the discussion was postponed. In our views, the procedure for UE to judge the TA validation along with the derivation of downlink pathloss reference specified in Rel-17 should be reused as much as possible. In this sense, considering the SRS transmission in multiple cells, the most straightforward solution, related to our proposal in Section 2.1, is that the downlink reference RS is derived from the cell the UE determines a valid TA. That is, if by default, the UE maintains the TA from the last serving cell within the validity area, the reference RS is derived from the last serving cell. If UE is enabled to autonomous adjust TA, and when the UE moves to a new camping cell, it adjust the TA based on the changing in DL timing change, the reference RS is derived from the new camping cell.
Proposal 2: The downlink pathloss reference for TA validation is derived from the cell where UE determines the valid TA.

2.3 Spatial relation information
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#112bis-e meeting, the following agreements on spatial relation information of SRS in multiple cells were 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.


It was agreed that spatial relation information is absent or present in the configuration are both supported, and in case that spatial relation information is absent, reuse the UE behavior in the current specification. There is one remaining issue on the configuration details and validity criteria, if needed, in case that spatial relation information is provided.
As the UE trajectory within the validity area is not predictable, to provide spatial relation information applicable across cells within the validity area, one solution is to define the UE fallback behavior when the UE determines that it is not able to accurately measure the configured RS in the spatial relation information, in such cases, the UE can up to its implementation use a fixed spatial domain transmission filter or different spatial domain transmission filter for transmissions of SRS resources. Alternatively, a potential solution is to provide a list of candidate RS of spatial relation information for each SRS resource, each SRS resource is associated with one cell, and the UE will transmit an SRS resource if it can accurately measure at least one DL RS from the associated cell, using a direction based on its DL measurement of the configured candidate RS. For example, as shown below, 6 SRS resources are configured associating with cell #1~#6. The candidate RS of SRS resource #1 is DL RS #1-1~#1-8 from cell 1, the candidate RS of SRS resource #2 is DL RS #2-1~#2-8 from cell 2, and so on. When the UE is at location A, it can accurately measure DL RS from cells #1/2/4/5, and further based on the DL measurements of the candidate RS, the UE will transmit SRS resources #1/2/4/5 using direction related to DL RS #1-1/2-8/4-5/5-6, respectively. When UE moves from location A to location B, based on the DL measurements at location B, the UE will transmit SRS resources #2/3/5/6 using direction related to DL RS #2-2/3-8/5-4/6-7, respectively.
It is noted that the latter solution may have better positioning performance when compared to the former one, but at the cost of resource overhead increase.


Figure 1: Illustration of spatial relation information configuration
Proposal 3: For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support one of the following alternatives when the spatial relation information is provided in the configuration:
· Alt 1: When the UE determines that it is not able to accurately measure the configured RS in the spatial relation information, it can use a fixed spatial domain transmission filter or different spatial domain transmission filter for transmissions of SRS resources.
· Alt. 2: Configure a list of candidate RS of spatial relation information (associated with one cell) for each SRS resource. The UE will transmit an SRS resource if it can accurately measure at least one candidate RS from the associated cell, using a direction based on its DL measurement of the configured candidate RS.
· 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, where similar as spatial relation information, the pathloss RS is absent or present in the configuration are both supported:
	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



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. In our views, Alt. 2-1 is the most simple solution with minimum specification impact. In addition, we are also open for Alt. 2-4, which can be adopted together with Alt. 2 proposed for spatial relation information configuration. 
Proposal 4: For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support one of the following options:
· Alt. 2-1: Reuse the configuration of pathloss RS in Rel-17;
· Reuse the validity criteria of OLPC 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 OLPC 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 an SRS resource set using a pathloss RS determined from the candidate pathloss RSs based on its DL measurements on the candidate pathloss RSs;
· No validity criteria of OLPC and corresponding UE fallback behavior is required.

In addition, there is an FFS point under the agreement of power control made in RAN1#112 meeting, on whether p0 and alpha can be commonly configured across cells within the validity area. In our views, p0 represents the targeted received power and alpha is the pathloss compensation factor, for typical scenarios of LPHAP in which the geometrical coverage and propagation environment among different cells are quite similar, it is feasible to introduce per cell basis p0 and alpha. In addition, p0 and alpha is per resource set configured, in which different resources can be sent towards different TRPs but still can share the same p0 and alpha. From this perspective, to configure p0 and alpha as common parameters across cells is the most straightforward solution. On the other hand, it should be noted that the configuration of p0 and alpha is also related to the solution of pathloss RS configuration. As p0 and alpha are predictable, if, for example, Alt. 2-4 agreed in the last RAN1 meeting is adopted, such parameters can be per cell-basis.
Proposal 5: Depends on the supported solution of pathloss RS configuration, p0 and alpha:
· Option 1: are commonly configured across cells within the validity area.
· [bookmark: _GoBack]Option 2: can be per-cell basis.


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 6: 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 7: 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: UE maintains the TA obtained from the last serving cell within the validity area (i.e., Option 1) is applicable to indoor scenarios, where:
· The geometrical coverage of adjacent cells within the validity area is similar.
· The size of the positioning area should be covered by the CP (e.g., a coverage of 703m with 30 kHz SCS).
Observation 2: Supporting both Option 1 and Option 2 provides a general and complete solution, which is applicable to more complicated outdoor, or indoor and outdoor scenarios, where
· The geometrical coverage of adjacent cells within the validity area is diverse.
· The size of the positioning area may not be covered by the CP (e.g., a coverage of 703m with 30 kHz SCS).

Proposal 1: 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
· Additionally, if enabled by the network, 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 2: The downlink pathloss reference for TA validation is derived from the cell where UE determines the valid TA.
Proposal 3: For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support one of the following alternatives when the spatial relation information is provided in the configuration:
· Alt 1: When the UE determines that it is not able to accurately measure the configured RS in the spatial relation information, it can use a fixed spatial domain transmission filter or different spatial domain transmission filter for transmissions of SRS resources.
· Alt. 2: Configure a list of candidate RS of spatial relation information (associated with one cell) for each SRS resource. The UE will transmit an SRS resource if it can accurately measure at least one candidate RS from the associated cell, using a direction based on its DL measurement of the configured candidate RS.
· No validity criteria of spatial relation for the configured RS and corresponding UE fallback behavior is required.
Proposal 4: For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support one of the following options:
· Alt. 2-1: Reuse the configuration of pathloss RS in Rel-17;
· Reuse the validity criteria of OLPC 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 OLPC 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 an SRS resource set using a pathloss RS determined from the candidate pathloss RSs based on its DL measurements on the candidate pathloss RSs;
· No validity criteria of OLPC and corresponding UE fallback behavior is required.
Proposal 5: Depends on the supported solution of pathloss RS configuration, p0 and alpha:
· Option 1: are commonly configured across cells within the validity area.
Option 2: can be per-cell basis.
Proposal 6: UL interference due to SRS collision can be addressed by NW implementation. No specification work is required.
Proposal 7: 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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