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Introduction
In RAN#98 meeting, a new work item on expanded and improved NR positioning was approved [1]. In RAN1#112bis-e, a good progress was achieved for the LPHAP objective as shown in the following agreements [2]. 
	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.

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.
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




In this contribution, we further discuss potential enhancements for LPHAP. 
SRS in multiple cells
For LPHAP, area-specific SRS-Pos configuration, i.e., pre-configuring SRS-Pos for multiple cells, is to be introduced. In this section, we discuss some key aspects related to the SRS-Pos configuration, including UL timing, spatial relation information, and power control.
UL timing 
In RAN1#112 [3], the following agreement was made to study three options for the determination of UL timing to transmit SRS-Pos. 

	
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




According to TS 22.104 [4], LPHAP UEs are applicable in a flexible modular assembly area, i.e. tracking of workpiece (indoor and outdoor) in assembly area and warehouse. For these scenarios, the geometric coverage of different cells is probably to be similar. For example, in InF scenario used in the Rel-17 simulation evaluation, gNBs are equally distributed in the rectangle area. For such deployment scenarios, UE could maintain the TA obtained from the last serving cell within the validity area (Option 1). However, it is too restrictive to require all the cells within the validity area to share the same geometric coverage. For those cells with different geometric coverage, it should allow a UE to autonomously adjust the TA (Option 2).  For UE in RRC_INACTIVE state, SSBs from multiple cells are available. UE would adjust the TA value by itself according to the RSTD of SSBs of the two cells. Therefore, in our opinion, both Option 1 and Option 2 should be supported, and a criterion of switching between Option 1 and Option 2 has to be introduced. In RAN1#112bis-e meeting, a candidate criterion was proposed that when the DL reference timing difference exceeds a threshold, Option 2 is adopted by the UE [6]. Otherwise, Option 1 would be used. Besides such UE-based switching, a NW-based switching is also feasible since the NW has the knowledge of the geometric coverage of each cell within the validity area. For the NW-based switching scheme, each cell is pre-configured with a TA acquisition identifier. The TA acquisition identifier corresponds to Option 1 or Option2. Alternatively, it could also be a label related to the geometric coverage. Taking Figure 1 as an example, cells 3/6/11 have different geometric coverage to the other cells. If the last serving cell is cell 1 and the new camping cell is cell 2, UE would maintain the TA obtained from the last serving cell. If the last serving cell is cell 2 and the new camping cell is cell 6, UE autonomously adjusts the TA.



[bookmark: _Ref111205729]Figure 1: TA acquisition identifier configuration for each cell within the validity area

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, support both Option 1 (UE maintains the TA obtained from the last serving cell within the validity area) and Option 2 (UE autonomously adjusts the TA).  The following criterion should be introduced for switching between Option 1 and Option 2:

· UE-based switching: when the DL reference timing difference exceeds a threshold, Option 2 is adopted by the UE. Otherwise, Option 1 is used.
· NW-based switching: a TA acquisition identifier can be included in cell-specific pre-configuration to specify which option should be used.

Spatial relation information 
In RAN1#112bis-e, the following agreement was made on the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state. 
	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.




Spatial relation information is determined by the location of UE. In Rel-16, multiple SRS-Pos resources could be configured for a UE, where different resources are associated with different SpatialRelationInfo. In this way, SRS beam sweeping could be achieved to guarantee the reception of SRS at both serving cell and neighboring cells. But for Rel-18 LPHAP, if multiple SRS-Pos resources are configured for each cell, a lot of SRS-Pos resources need to be preserved by the NW, which results in inefficient resource utilization. In our opinion, when UE moves and/or performs cell reselection, spatial relation may change accordingly and the spatial relation information needs to be updated. Some enhancements on spatial relation configuration have to be further studied. 
Regarding the spatial relation of an SRS for positioning configuration in multiple cells for UE, some companies) provide details on the configuration and corresponding UE behaviour. It should be noted that as the UE trajectory within the validity area is not predictable.To support the spatial relation configurated in multiple cells, a large amount of SRS resources has to be pre-configured to a UE. As shown in the following figure, due to UE trajectory within the validity area is not predictable . UE needs to configure SRS resource  for each beam direction of  TRP, then send the SRS resource based on the change location.If each one is associated with a certain direction, one cell must configurate at least 48 SRS resources for UE. Based on the above analysis, it should be further enhancement. 


Figure 2: Spatial relation of an SRS for positioning configuration when UE moves

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 2: When the spatial relation information is provided in the configuration, support pre-configured multiple SRS resource for UE to transmits SRS based on different positions of movement. Further enhancements are needed regarding the configuration method.

Considering there is  small difference in shape between cells, multiple cells with the same shape can form an validity area. The placement and beam direction of multiple TRPs can be similar to the neighbouring cells .The same spatial relation configuration is applicable across the cells within the SRS positioning validity area. The spatial relation information validity criteria can be defined based on the geometric distribution of TRPs. A configured spatial relation may be valid for a geometric distribution of TRPs, but may not be valid for another geometric distribution of TRPs. So we suggest to consider the geometric distribution of TRPs as spatial relation information validity criteria. A UE is in INACTIVE state when the UE determines it is invalid. If there are multiple configurations allowing UE to select another one. If validity criteria for spatial relation of the configured RS is not met, UE may fall back to the case as if the spatial relation information were absent in the configuration.

Proposal 3: For spatial relation information validity criteria, it can be decided by the geometric distribution of TRP. 
Proposal 4: If validity criteria for spatial relation of the configured RS is not met, UE may fall back to the case as if the spatial relation information were absent in the configuration.

[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Power control
In RAN1#112bis-e, the agreements were made on the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state. It was agreed to support one or multiple of the alternatives on how to configure pathloss RS. In this section, we present our view on these alternatives.

	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
[bookmark: OLE_LINK20]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




For configuration of power control related parameters, it is difficult for multiple cells to use only one pathloss RS since there can be many cells with different coverage size in the validity area. For reducing UE power consumption, the validity area could be further divided into sub areas and then configure the same pathloss RS within each sub area. For example, the 16 cells shown in the figure below are divided into 4 sub regions, and each region is configured with the same pathloss RS. In our view, this option should be proposed. We suggest to reuse the validity criteria of OPLC for SRS transmissions by RRC_INACITVE UEs in Rel-17. UE may fallback if validity criteria fail.

Figure 3: Pathloss RS configuration for each cell within the validity area

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 5: For configuration of  pathloss RS for power control, the following option can be supported:
· (Alt. 2-4) Configure a list of candidate pathloss RSs or candidate cells per SRS for positioning resource set. 
Proposal 6: We suggest to reuse the validity criteria of OPLC for SRS transmissions by RRC_INACITVE UEs in Rel-17. UE may fallback if validity criteria fails.
Proposal 7: For reducing UE power consumption, the validity area can be divided into sub-areas and a pathloss RS can be configured for each sub-area.

SRS request procedures
In RAN1#111, the following agreement was achieved [5]:
	Agreement
· For the conclusion section of the TR: 
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the enhancements on SRS for positioning in order to avoid frequent RRC connection for SRS (re)configuration is recommended for normative work. 
· For the potential specification impact section of the TR:
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the details of solutions for enhancements on SRS for positioning to avoid frequent RRC connection for SRS (re)configuration can be further discussed during normative work, which may include but are not limited to one or combinations of the following:
· SRS for positioning configurations in multiple cells. 
· 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.
· SRS for positioning activation/request procedure(s).




As mentioned above, when a UE moves out of the validity area, the SRS configuration would be released. Then, the UE has to request new SRS-Pos configurations for the subsequent transmission. The SRS-Pos request could be sent by a new type of RACH procedure. One alternative is to define new preambles and corresponding RACH Occasions (ROs) to discriminate with that of legacy PRACH. When the gNB receives such new preamble, SRS-Pos configurations would be indicated to the UE in Msg 2 for 4-steps RACH procedure or Msg B for 2-step RACH procedure. Another alternative with less spec impact is to carry SRS-Pos request in Msg 3 or Msg A. After the gNB decodes the message, new SRS-Pos configurations would be indicated to the UE in Msg 4 or Msg B. The validity area needs to be configured to UE together with the SRS-Pos configuration. However, before performing the positioning procedure, UE may have no valid location information. Hence the validity area can only be defined by the cell information, e.g. a list of cell or Tracking Area Code (TAC). When cell reselection happens, UE will compare the serving cell ID with the cell information of the valid area. If the serving cell ID is not contained, the UE may need to request SRS-Pos from the network.
Proposal 8: Support introducing a new RACH procedure for a UE to obtain SRS-Pos configurations:
· E.g., new SRS-Pos configurations could be indicated to the UE in Msg 2, Msg 4 or Msg B.
Conclusions
In this contribution, we discuss the SRS configuration enhancements for LPHAP, and have the following proposals: 
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, support both Option 1 (UE maintains the TA obtained from the last serving cell within the validity area) and Option 2 (UE autonomously adjusts the TA).  The following criterion should be introduced for switching between Option 1 and Option 2:

· UE-based switching: when the DL reference timing difference exceeds a threshold, Option 2 is adopted by the UE. Otherwise, Option 1 is used.
· NW-based switching: a TA acquisition identifier can be included in cell-specific pre-configuration to specify which option should be used.
Proposal 2: When the spatial relation information is provided in the configuration, support pre-configured multiple SRS resource for UE to transmits SRS based on different positions of movement. Further enhancements are needed regarding the configuration method.
Proposal 3: For spatial relation information validity criteria, it can be decided by the geometric distribution of TRP. 
Proposal 4: If validity criteria for spatial relation of the configured RS is not met, UE may fall back to the case as if the spatial relation information were absent in the configuration.
Proposal 5: For configuration of  pathloss RS for power control, the following option can be supported:
· (Alt. 2-4) Configure a list of candidate pathloss RSs or candidate cells per SRS for positioning resource set. 
Proposal 6: We suggest to reuse the validity criteria of OPLC for SRS transmissions by RRC_INACITVE UEs in Rel-17. UE may fallback if validity criteria fails.
Proposal 7: For reducing UE power consumption, the validity area can be divided into sub-areas and a pathloss RS can be configured for each sub-area.
Proposal 8: Support introducing a new RACH procedure for a UE to obtain SRS-Pos configurations:
· E.g., new SRS-Pos configurations could be indicated to the UE in Msg 2, Msg 4 or Msg B.
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