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Introduction
[bookmark: _Hlk525462591]In Rel-16 native NR positioning support was standardized and in Rel-17 enhancements were made. At RAN#98, a new work item “Expanded and improved NR positioning” was approved and updated at RAN#99 [1]. This contribution discussed our views related to LPHAP. Our companion contributions discuss our other views [3-7]. The objective in the WID is:
· 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].
Discussion
Area based SRS
 Legacy SRS for positioning is configured in a higher layer parameter “SRS-Config” and it is associated with a dedicated UL BWP of a specific cell. Thus, the current SRS configuration is not valid for multiple cells. There are many configuration parameters related to the SRS configuration such as periodicity, offset, comb-type, resource type, and so forth. Introducing some of them as common parameters across multiple cells might not be a big issue. 
However, certain parameters such as spatial relation information, TA, and power control may not be appropriate as common parameters. Each SRS resource may contain a spatial relation information that enables the UE to determine the beam to transmit the SRS. As the UE moves from one cell to another cell, it may need to adjust the Tx beam direction to transmit the SRS. Similarly, for each SRS resource set, a path-loss reference RS (Reference Signal) is configured so that the UE could determine the transmission power for multiple SRS resources within the SRS resource set. When LPHAP UE moves within the positioning area, it may need to adjust Tx power based on the different path-loss RS to ensure the appropriate Tx power for positioning. Also, the simple application of the current TA mechanism would not be a good solution as it may have a critical impact to the measurement accuracy. In this section, we discuss the detailed issues on them to support SRS configuration valid in multi-cell.
Further issues on common parameters
For the SRS configuration parameters, RAN1 made a further agreement at RAN1 #112-bis meeting such that the SRS sequence ID configured per SRS resource is common to multiple cells.
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.
Each cell configures SRS resources to the serving UE, and there may be no coordination between cells to allocate SRS sequence IDs effectively, which can result in overlapping sequence IDs between different UEs in the multiple cells. However, still the network can detect interference issues in the validity area and update the SRS sequence IDs if necessary. To do so, the network would need to provide many parameters for multi-cell SRS configuration as the SRS sequence cannot be updated independently, and it unnecessarily leads to high power consumption of LPHAP UE. In consideration of the UE power consumption, we should consider the update of the SRS sequence easily. 
Proposal 1: RAN1 supports the update of SRS sequence ID separately rather than re-configuration of all parameters of multi-cell SRS configuration. 
As another way, we could consider that the LMF determines multiple sets of sequences and request each cell to use a provided set of sequences when it provides the LPHAP UE with multi-cell SRS configurations. The gNB is not mandated to follow the request but it still should be helpful to mitigate interference problem. 
Proposal 2: LMF provides a set of sequence IDs to each cell and request it to use the provided sequence IDs when it configures the SRS valid in multiple cells. 
Spatial relation information
RAN1 made the following agreement related to the spatial relation information at the previous meeting:
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.
In the absence of the spatial relation information configuration, the UE can use a fixed Tx beam across multiple SRS resources or may use a different Tx beam for different SRS resources. Based on the current agreement, it might be totally left up to the UE implementation, but the beam sweeping in all directions would not be a desirable way in terms of the UE power consumption and network interference. However, we don’t think the network will not configure both the path-loss reference and the spatial relation information as it knows the last serving cell of the target UE and also knows multiple cells/TRPs in the validity region. At a minimum, the network may provide path-loss reference or spatial relation information to enable the UE to identify the target TRP of the configured SRS resources. 
For example, the UE is configured with a SRS resource set containing multiple SRS resources, and a path-loss reference RS transmitted from a TRP/cell is associated with the SRS resource set as the gNB can clearly consider this SRS resource set is targeting the TRP/cell, and the same reference RS may be in the spatial relation configurations of a couple of SRS resources within the SRS resource set. 
It is possible that the gNB decides not to provide spatial relation information to the UE, assuming that the UE will perform beam sweeping within a specific range to ensure that multiple TRPs can receive the SRS resources around the target TRP. In this case, the gNB expects that the UE beam will not sweep in all directions, but only within a certain range around the target TRP direction, which is based on the configured path-loss RS.
Observation 1: The gNB may not expect the UE SRS beam to sweep in overall directions, but it would expect the SRS beam sweeping within a certain range around a target TRP direction based on the path-loss RS.
For the SRS resources without configuration of the spatial relation information, the UE should first consider path-loss RS as an intended beam direction from the gNB. For example, if the pathloss reference is a DL PRS resource transmitted from a TRP, the UE needs to understand the TRP as the intended receiver of the SRS transmission. Hence, the UE should perform beam sweeping around the beam direction used to measure the path-loss RS or use the beam to transmit the SRSs.  
Proposal 3: For the SRS resources without the configuration of spatial relation information, the UE should prioritize a pathloss reference RS to determine the transmission beam directions. That is, 
· If the UE performs beam sweeping across SRS resources, the UE should perform beam sweeping around the used beam to measure DL path-loss RS
· If the UE uses a fixed beam across SRS resources, The UE should select the used beam to measure DL path-loss RS
In addition, to avoid unnecessary power consumption of LPHAP device, it is necessary to configure positioning SRS resources as much as the UE needs. If the UE provides a desirable amount of SRS resources considering its beam sweeping capability and/or policy, the gNB may be able to configure SRS resources for each resource set more efficiently.
Proposal 4: RAN1 should support for the UE to report the required time domain resources for beam sweeping such as the number of symbols assuming a N-symbol SRS resource.
Now we should consider the case where the spatial relation information can be configured from the network. In such case, we should consider the spatial relation information RS configured at the last serving cell would not be valid across multiple cells. That is, following the legacy framework would be problematic. An example based on the below figure obviously shows the configured spatial relation may not be valid across multiple cells. Suppose the spatial relation information of SRS resource #1 is PRS #1 from TRP#1. In case the UE is close to TRP#2, the UE needs to select PRS #2 from this TRP. Otherwise, it may fail to accurately measure the spatial relation information and stop SRS transmission. 
[image: ]
Figure 1. An illustrative example of SRS transmission in a validity area
To address this issue, the gNB may be able to provide the UE with multiple candidates of a spatial relation information for an SRS resource, as transmission of each SRS may have an intended receiver such as a TRP or a cell and the network knows the geographical location of each cell within the validity area. For an SRS resource, multiple candidates can be configured, and each candidate spatial relation information can be associated with a specific cell ID and/or TRP ID that enables the UE to use select a proper RS source for the spatial relation information. 
For example, the following two candidates can be configured for SRS resource #1 of the UE shown in Figure 1.
· The 1st candidate: TRP#1, PRS#1
· The 2nd candidate: TRP#1, PRS#2
Note that the two spatial relation candidates of SRS resource#1 are transmitted from a same TRP. The UE may select the 1st candidate when the UE is close to TRP#1, and the UE may select the 2nd candidate after moving closer to TRP#2. This is illustrated in Figure 1 as a beam highlighted in red. 
It should be noted that if the UE has to measure or monitor all candidates of a specific SRS resource, it might be a burden to the UE, so an association between a candidate and a cell/TRP is necessary so that the UE can select one depending on a rough UE location such as a cell providing the maximum RSRP measurement, like the UE behavior of the above example.
Proposal 5: For the spatial relation information configuration of SRS valid in multi-cell,
· RAN1 supports configuration of a list of candidate spatial relation information for each SRS resource.
· The network provides the association information between each candidate spatial relation information and a cell/TRP
· Note: The candidate spatial relation information RSs within a list for an SRS resource are transmitted from the same cell/TRP.
· Note: The different candidate spatial relation information may be associated with different cell/TRP ID. 
[bookmark: _Hlk134832350]The UE might not expect that the target receiver of the transmission of each SRS resource would be changed, so the network may guarantee that the same TRP/cell transmits all the candidate spatial relation information for an SRS resource. The different candidate spatial relation information may be associated with different cell/TRP ID.
Proposal 6: If a list of candidate spatial relation information is provided, for a cell/TRP providing the maximum RSRP, the UE selects one within the list associated with the cell/TRP.
The next section discusses the path-loss RS configuration issue with similar proposals.
Power Control
RAN1 made the following agreements in the previous meeting for power the SRS power control issue.

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

The simple application of the existing feature such as supporting Alt 2-1 only could not be a proper solution to make the multi-cell SRS work. As a simple example, when a UE is in close to TRP#1, a configured path-loss RS such as PRS resource #1 transmitted from TRP#1 depicted in Figure 1 might be appropriately used to estimate the path-loss between the UE and TRP#1, but the configured path-loss may not be effective or valid after the UE moves out to nearby TRP#2.
If the UE is not able to receive and measure a valid path-loss RS associated with an SRS resource, even though it was provided, it may not be able to transmit SRS over the SRS resource, and this situation may frequently occur to transmit the SRS valid in multi-cell. We think RAN1 decided to introduce the SRS configuration valid in multi-cell based on evaluations and analysis of the Rel-18 SI, so RAN1 should support a proper feature to make it work.
To address this issue, we propose providing UE with a list of candidate path-loss references. As the UE moves from one cell to another cell, the UE may need to update the pathloss reference configured for each SRS resource set, as the pathloss reference RS resource would be transmitted through a fixed Tx beam. The re-configuration from the network comes with additional signalling between the UE and gNB, which was the main motivation to introduce SRS valid in multi-cell. With the similar principle of the above proposal on spatial relation information, we propose the following:
Proposal 7: For Alt 2-4 to support the path-loss reference configuration of SRS valid in multi-cell,
· RAN1 supports configuration of a list of candidate path-loss references for each SRS resource set.
· The network provides the association information between each candidate path-loss reference and a cell/TRP
· Note: The RSs within the list of candidate path-loss references for an SRS resource set are transmitted from the same cell/TRP.
· Note: The different candidate path-loss references may be associated with different cell/TRP ID. 
How to select a specific candidate should be introduced. Otherwise, it unnecessarily results in a more UE power consumption as the UE may need to keep measuring the candidate RSs. An example is that the network may provide the UE with association information between the candidates and cell IDs, so that the candidate is selected by the UE depending on a camping cell of the UE. For example, PRS resource #1 and #2 transmitted from TRP#1 are the candidates for path-loss RS of SRS resource #1, and PRS resource #2 is associated with a specific camping cell and/or TRP such as TRP#2, so that if the UE is in the camping cell, the UE selects PRS resource #2 as a pathloss RS. In another example, the PRS resource #2 can be associated with TRP#2, and the UE selects PRS resource #2 as a path-loss if the UE is close to the TRP#2.                                                                                              
Proposal 8: If a list of candidate path-loss references is provided, for a cell/TRP providing the maximum RSRP, the UE selects one within the list associated with the cell/TRP.
Transmission timing issue
RAN1 made the following agreement on the determination of UL transmission timing to transmit SRS.
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
For option 1, even if the UE maintains the fixed TA obtained from the last serving cell, the SRS transmission timing change is unavoidable due to the DL Rx timing change, and it affects measurement accuracy. For example, if the UE moves to another cell within a validity area, the UL Tx timing is changed according to the different DL Rx timing between different cells. More specifically, the below figure shows an example that the cell#1 transmits DL RS such as an SSB, and the UE determines the UE DL reception timing. To simplify the example, TA value only depends on the propagation time. Also, we assume that the UE is configured with SRS configuration valid in multi-cell via the RRC suspend message when the UE is in the cell#1. As shown in the figure below, the TA can be considered as two times of the propagation time between cell#1 and the UE. The UE Tx timing is  ahead of the UE DL reception timing. 
Now we consider the UE moves to the coverage of cell#2, and the UE determines the DL reception timing based on a DL RS transmitted from cell#2, and note that the UE maintains the obtained TA from cell#1. As illustrated in the figure, the UE Tx timing is changed and it is different than the previous Tx timing, as the DL Tx timing of cell#1 and cell#2 is different. The different cells are not perfectly or tightly synchronized as tight time synchronization is a big burden to the network, and furthermore, it is not necessary for data communication. It should be noted that the DL reception timing is also changed even if the UE is in the same cell, and the UE in the current system is required to change the transmission timing to follow the configured/indicated TA. 

[image: ]
Figure 2. An illustrative example of using the same TA value

The changed Tx timing affects the timing measurement accuracy. The gNB may measure SRS periodically and obtain multiple measurement samples. The UE Tx timing change may be included in the measurement error across multiple measurement samples at the gNB. 
Observation 2: Maintaining a single TA in the validity area affects UL timing measurement error.

To address this issue, the gNB may need the information on the changed UE Tx timing and reflect it to each measurement sample before providing the measurement to the LMF. However, the frequent UE reporting leads to more UE power consumption and it is not aligned with the motivation of introducing this SRS configuration to save UE power. Thus, RAN1 should support UE to use a fixed transmission timing as much as possible. 

Proposal 9: RAN1 should support UE to use a fixed transmission timing for SRS valid in multi-cell. 
· UE autonomously adjusts the TA to keep a fixed transmission timing if the fixed UL Tx timing is no later than the UE DL Rx timing in a cell. 
· A set of DL RS resources are provided as a candidate for DL reference timing selection by the UE. 
In case the UE cannot keep the fixed UL Tx timing to transmit SRS, the UE may change the Tx timing, and the measurement accuracy degradation is unavoidable. However, it is unreasonable just to keep letting the UE change the UL Tx timing without reporting any information. The network should consider the UL Tx timing change in performing positioning measurements in case the amount of change exceeds a certain level to not allow measurement accuracy degradation over a certain level.
Proposal 10: RAN1 supports UE to report information on the changed fixed UL Tx timing if the UL Tx timing is changed over a threshold.
Update of the SRS configuration
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634][bookmark: Proposal98262][bookmark: Proposal38119]For area-based SRS configuration mechanism, one common SRS configuration could be applied to a validity area consisting of multiple cells. The UE can continue sending SRS without the update of SRS configurations so long as it remains within the coverage of any of the cells in the validity area. However, the SRS configuration turns invalid when the UE moves out of the SRS positioning validity area. In this scenario, we should consider how UE request new SRS configuration when the positioning area changes. The potential solutions may include: 
· Network-triggered SRS update request
The LMF can know that the UE moves out of the validation area since it knows UE’s location. When the LMF finds that the validity area turns invalid, the LMF can directly trigger the UE to send the SRS update request to gNB by paging. To avoid UE entering RRC connected state, some additional information such as the paging purpose/cause (i.e., SRS update request) can be indicated in the paging information.  Such that UE can know it should send the SRS update request to gNB by SDT without entering RRC connected state.  
· UE initiated SRS configuration update request 
The UE can initiate the SRS update to the gNB when the UE finds the camped cell is out of the validation area. For instance, when UE leaves the SRS valid cell, it can remain in the inactive state and use the similar method as the positioning report (e.g., via SDT) to require updated SRS configuration, and then the new gNB can deliver the updated SRS configuration to the UE without entering RRC connected state. The UE could also indicate in the request to the network which parameters may be invalid (e.g., pathloss reference or spatial relation).
Proposal 11: RAN1 should support both network-triggered and UE initiated area-based SRS configuration update.
For area-based SRS configuration mechanism, UE roams in multiple cells transmitting one dedicated SRS, the SRS transmission of the target UE may interfere with the normal UL transmission of the neighbour cells. Therefore, in order to reduce the interference, all the cells in the validity area need to reserve the SRS resource because the cells don’t know where UE moves. This would cause large resource overhead, especially when there are many UEs performing UL positioning in the inactive state. To avoid unnecessary resource reservation at each gNB within the validation area, one potential solution is to consider allowing subset of cells (e.g., only cells near to UE) in the validity area to reserve the SRS resource based on the UE coarse location information. 
Proposal 12: RAN1 should support allowing a subset of cells (i.e., close to UE) in the validation area to reserve the same resource for area-based SRS. 
Conclusions
In this paper we make the following observations and proposals: 
Proposal 1: RAN1 supports the update of SRS sequence ID separately rather than re-configuration of all parameters of multi-cell SRS configuration. 
Proposal 2: LMF provides a set of sequence IDs to each cell and request it to use the provided sequence IDs when it configures the SRS valid in multiple cells. 
Proposal 3: For the SRS resources without the configuration of spatial relation information, the UE should prioritize a pathloss reference RS to determine the transmission beam directions. That is, 
· If the UE performs beam sweeping across SRS resources, the UE should perform beam sweeping around the used beam to measure DL path-loss RS
· If the UE uses a fixed beam across SRS resources, The UE should select the used beam to measure DL path-loss RS
Proposal 4: RAN1 should support for the UE to report the required time domain resources for beam sweeping such as the number of symbols assuming a N-symbol SRS resource.
Proposal 5: For the spatial relation information configuration of SRS valid in multi-cell,
· RAN1 supports configuration of a list of candidate spatial relation information for each SRS resource.
· The network provides the association information between each candidate spatial relation information and a cell/TRP
· Note: The candidate spatial relation information RSs within a list for an SRS resource are transmitted from the same cell/TRP.
· Note: The different candidate spatial relation information may be associated with different cell/TRP ID. 
Proposal 6: If a list of candidate spatial relation information is provided, for a cell/TRP providing the maximum RSRP, the UE selects one within the list associated with the cell/TRP.
Proposal 7: For Alt 2-4 to support the path-loss reference configuration of SRS valid in multi-cell,
· RAN1 supports configuration of a list of candidate path-loss references for each SRS resource set.
· The network provides the association information between each candidate path-loss reference and a cell/TRP
· Note: The RSs within the list of candidate path-loss references for an SRS resource set are transmitted from the same cell/TRP.
· Note: The different candidate path-loss references may be associated with different cell/TRP ID.                                                                       
Proposal 8: If a list of candidate path-loss references is provided, for a cell/TRP providing the maximum RSRP, the UE selects one within the list associated with the cell/TRP.
Proposal 9: RAN1 should support UE to use a fixed transmission timing for SRS valid in multi-cell. 
· UE autonomously adjusts the TA to keep a fixed transmission timing if the fixed UL Tx timing is no later than the UE DL Rx timing in a cell. 
· A set of DL RS resources are provided as a candidate for DL reference timing selection by the UE. 
Proposal 10: RAN1 supports UE to report information on the changed fixed UL Tx timing if the UL Tx timing is changed over a threshold.
Proposal 11: RAN1 should support both network-triggered and UE initiated area-based SRS configuration update.
Proposal 12: RAN1 should support allowing a subset of cells (i.e., close to UE) in the validation area to reserve the same resource for area-based SRS. 
Observation 1: The gNB may not expect the UE SRS beam to sweep in overall directions, but it would expect the SRS beam sweeping within a certain range around a target TRP direction based on the path-loss RS.
Observation 2: Maintaining a single TA in the validity area affects UL timing measurement error.
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