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Introduction
In RAN#98 meeting, a new work item on expanded and improved NR positioning was approved [1]. Objectives related to low power high accuracy positioning are shown in the following:
· Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 including:
· Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP [RAN2, RAN3, RAN4]
· Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.
· NOTE: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.
· NOTE: Inputs from RAN1 as necessary may be facilitated via LSs
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3].
· SRS for positioning configurations in multiple cells [RAN2, RAN1]. 
· Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations [RAN2, RAN3].
· [bookmark: _Hlk122087734]SRS for positioning activation/request procedure(s) [RAN2, RAN1].
· Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].
· Specify solutions for alignment between eDRX and PRS configurations [RAN2].
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].
In this contribution, we discuss potential enhancements for LPHAP. 
Discussion
According to the above WID, RAN1 should focus on SRS configuration enhancements to avoid frequent RRC connection for SRS (re)configuration.
Pre-configuration of SRS for positioning
The following agreement was achieved in RAN1#111 related to pre-configuration of SRS for positioning [2]:

	Agreement
Reply to RAN2 with regards to the feasibility of SRS in multiple cells as the following
· SRS positioning configuration for LPHAP across multiple cells is feasible from RAN1’s perspective after checking the potential issues of interference, timing alignment (depending on uplink synchronization conditions), spatial relation, and power control, with or without potential enhancements depending on deployment conditions.




In Rel-17, UL positioning for RRC_INACTIVE UE has been supported, where configuration of SRS-Pos is carried by RRC release signaling. Validity criteria of the configuration has also been agreed to reuse that of the pathloss measurement. When cell reselection happens or validity criteria fails, the SRS configuration would be released. Since the use case #6 defined in TS 22.104 [3] requires UE to transmit SRS-Pos periodically, NW has to provide new SRS-Pos configuration to UE for each SRS-Pos transmission, which would result in large power consumption. According to the WID, the candidate solution is to introduce area-specific SRS-Pos configuration, i.e., pre-configuring SRS-Pos for multiple cells. In our opinion, a cell list could be pre-configured by the serving cell as the validity area. Correspondingly, multiple SRS-Pos configurations are preferred, where there is one-to-one mapping between an SRS-Pos configuration and a cell within the cell list.

Proposal 1: Multiple SRS-Pos configurations could be pre-configured by the serving cell, where each SRS-Pos configuration corresponds to a cell within the validity area.

From RAN1’s perspective, the following four aspects related to the above SRS-Pos configuration are considered.
Interference: 
In Rel-17, UE-specific SRS-Pos configuration is supported by RRC release signaling in the serving cell. Similarly, the above multiple SRS-Pos configurations could also be UE-specific. SRS resource allocation would be coordinated among multiple cells within the same validity area. And these SRS resources would be preserved by the NW. Therefore, the interference between the pre-configured SRS-Pos and UL transmission in the new camped-on cell could be avoided. In addition, if the SRS receiving timing misalignment between the serving cell and the new camped-on cell is within one CP, it will not cause inter-symbol interference to UL transmission of the new camped-on cell. This depends on the accuracy of TA. 
Observation 1: By preserving the pre-configured SRS resources, which are determined by coordinating among multiple cells within the validity area, interference to UL transmission could be eliminated as long as the timing misalignment between the serving cell and the new camped-on cell is within one CP.

TA: 
According to TS 22.104, LPHAP UEs are applicable in a flexible modular assembly area, i.e. tracking of workpiece (in- 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, gNB is equally located in the rectangle area. Therefore, the same TA of the serving cell could be reused when UE reselects a new camped-on cell. Namely, TA is not needed in the above SRS-Pos configurations. In Rel-18 SI, there were also proposals that UE would adjust the TA value by itself according to the RSTD of DL RS of the two cells. However, for UE in RRC_INACTIVE state, only SSBs from multiple cells are available. Due to the limited bandwidth of SSB, the RSTD accuracy should be further evaluated.  

Observation 2: The same TA of the cell could be reused when a UE reselects a new camped-on cell. Therefore, TA is not needed in the SRS-Pos configurations of multiple cells within the validity area.

Spatial relation information: 
Spatial relation information is decided by the relative location of a UE with the serving cell and neighboring cells. In Rel-16, multiple SRS-Pos resources could be configured for a UE for each cell, 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 for a UE, 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. 
Proposal 2: Spatial relation configuration of SRS-Pos resources across multiple cells should be enhanced for more efficient resource utilization.

Pathloss RS: 
Pathloss RS is also related to UE’s location. In Rel-16, pathloss RS could be either SSB or DL PRS, and it is configured per SRS resource set. For Rel-18 LPHAP, only SSB of cells within the validity area could be used as pathloss RS. As mentioned above, since the geometric coverage of different cells is probably similar, using a fixed SSB as pathloss RS for a SRS-Pos configuration seems feasible. When UE moves within the validity area, pathloss RS update is not needed. If better power control accuracy is required, pathloss RS for a SRS-Pos configuration should be aligned with the RS of spatial relation information of the SRS-Pos configuration. This could be further studied.
Observation 3: For each SRS-Pos configuration pre-configured by the serving cell, a fixed SSB can be configured as the pathloss RS.

SRS for positioning activation/request procedure(s)
In RAN1#111, the following agreement was achieved [2]:
	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 ROs (RACH Occasions) to discriminate with that of legacy PRACH. When the gNB receives such new preamble, SRS-Pos configurations would be indicated to the UE in Msg2 for 4-steps RACH procedure or MsgB for 2-steps RACH procedure. Another alternative with less spec impact is to carry SRS-Pos request in Msg3 or MsgA. After the gNB decodes the message, new SRS-Pos configurations would be indicated to the UE in Msg4 or MsgB. 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 TAC (Tracking Area Code). 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 3: 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 Msg2, Msg 4 or Msg B.

Conclusions
In this contribution, we discuss the SRS configuration enhancements for LPHAP, and have the following observations and proposals: 
Observation 1: By preserving the pre-configured SRS resources, which are determined by coordinating among multiple cells within the validity area, interference to UL transmission could be eliminated as long as the timing misalignment between the serving cell and the new camped-on cell is within one CP.
Observation 2: The same TA of the cell could be reused when a UE reselects a new camped-on cell. Therefore, TA is not needed in the SRS-Pos configurations of multiple cells within the validity area.
Observation 3: For each SRS-Pos configuration pre-configured by the serving cell, a fixed SSB can be configured as the pathloss RS.

Proposal 1: Multiple SRS-Pos configurations could be pre-configured by the serving cell, where each SRS-Pos configuration corresponds to a cell within the validity area.
Proposal 2: Spatial relation configuration of SRS-Pos resources across multiple cells should be enhanced for more efficient resource utilization.
Proposal 3: 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 Msg2, Msg 4 or Msg B.
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