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In RAN1#112, the following agreements were made for LPHAP [1]. 
	Agreement
The draft LS in R1-2301991 is endorsed. Final LS in R1-2302074.
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
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
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

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.
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.



In this contribution, we discuss potential solutions for positioning during RRC_INACTIVE and RRC_IDLE state.
Enhancements of SRS for positioning for RRC_INACTIVE mode positioning

Determination of UL timing to transmit SRS for positioning
During RAN1#112, three options related to determination of UL transmission timing were proposed for a study. Under Option 1, the UE is expected to maintain the same TA from the last serving cell within the validity area. This option may be useful if the cells contained in the validity area are relatively small and compact. Although this option is the simplest option among all three options, it is not clear whether Option 1 is applicable for a large area where the UE may need to determine a new TA when the UE moves to another cell.
Under Option 2, the UE is expected to determine TA autonomously. One potential shortcoming of the option is that the network does not have any knowledge of the newly determined TA value, which may cause dropped receptions of SRSp (SRS for positioning) by the network. In this option, the mechanisms for the network to determine the newly determined TA by the UE should be clarified. Finally, under Option 3, the UE indicates the determined TA value based on preconfigured TA values. The UE can indicate the determined TA value via RACH in Msg1 and/or the TA is confirmed in Msg2. Although availability for partitions for RACH should be considered, Option 3 offers a flexible design and an option for an indication of the determined TA value to the network.
Proposal 1: For determination of TA for LPHAP, support Option 3 (“Option 3: UE maintains multiple TA values” where the UE indicates to the network the determined TA value)
Determination of the spatial relation of an SRS for positioning configuration in multiple cells
In RAN1#112, two options were agreed. In Option 1, spatial relationship information is not provided in the RRC_RELEASE message. Thus, the UE either transmits SRSp at a configured fixed direction or different (from the direction used in the serving cell) direction(s). According to the discussion in [2], beam sweeping is also considered under Option 1. Under Option 1, it is not clear how the network can determine which direction(s) the UE transmits SRS. When the UE transmits SRSp in a fixed direction, it is not clear whether the SRSp transmitted by UE can reach the network using the fixed direction for transmission.
Option 2 offers provisioning of spatial relationship information in configuration. Thus, the UE can follow the configuration and determine the spatial information of SRSp accordingly within the area. For simplicity, the UE can be configured with the same spatial relation for all area. Granularity of configuration (e.g., configuration on the basis of per-subset of cells) can be discussed based on uses cases considered.
Proposal 2: For determination of spatial information for LPHAP, support Option 2 (“Option 2: Spatial relation information is provided in the configuration”)
Determination of pathloss RS for power control 	
In RAN1#112, two options are considered for determination of the pathloss RS. In Option 1, the UE is not provided with configuration for the pathloss RS and the UE needs to determine pathloss RS. From the network perspective, it is not clear how the UE determines the transmission power of SRSp, and if the UE is not configured, it may potentially lead to uncontrolled determination of transmission power by the UE. This may cause either severe interference to neighboring UEs due to large transmission power or dropped reception of SRSp by the network due to the lack of transmission power. In Option 2, the UE is provided with the pathloss RS configurations based on which the UE can determine transmission power of SRSp. Similar to determination of spatial relation, granularity (e.g., configuration on a per-area or per-subset of cells basis) of the pathloss RS configuration needs further study based on use cases. Based on the design details offered by the option, we support Option 2.
Proposal 3: For determination of pathloss RS for LPHAP, adopt Option 2 (“Option 2: Pathloss RS is provided in the configuration”)
Discussions on IDLE mode positioning
In WID for Rel. 18 NR positioning, positioning during RRC_IDLE mode is included as follows [3].
	“Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2]”


Acquisition of location information of the UE during the IDLE mode is beneficial in several scenarios. For example, the location of a UE could reduce paging load/the probability of paging escalation especially for highly mobile UEs. Alternatively, if the network is aware of large number of IDLE UEs within the cell, or alternatively no/few UEs camped within a cell, the network can optimize RACH capacity. 
NR positioning methods such as DL, UL and/or DL&UL positioning can be considered for IDLE mode positioning. Since DL-TDOA requires coordination among TRPs, one-to-one positioning or one-to-many positioning methods such as RTT or UL-AoA methods may be desirable for IDLE mode positioning. Quality of synchronization may not be sufficient enough during IDLE mode. Thus, one-on-one based positioning or uplink based positioning may be more desirable during the IDLE mode. 
In RAN2#120-Toulouse meeting, the following agreement was made [4]:

Agreement:
Proposal3: DL positioning in RRC_IDLE is recommended to normative work from R2’s perspective if power saving benefits are confirmed by R1. (15/15)
	Measurement is performed in RRC_IDLE while measurement report is sent in RRC_CONNECTED
	Feasibility of measurement report in msg5 should be evaluated with SA2/3 involved.
	Whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning measurement was performed in RRC_IDLE, can be evaluated in the WI phase with SA2 involved.
-	Is there AS context/security issue on sending the measurements to LMF?
A discussion topic here is about the timing of the UE to send the measurement report. The UE makes measurements on PRS during the IDLE state. As the measurements accumulate, the UE needs to change its state to RRC_CONNECTED state for reporting the measurements. For example, changing to CONNECTED state too frequently by triggering RACH whenever measurement reports are generated can be power inefficient. Also, after changing to CONNECTED state, transmitting accumulated measurement reports with high payloads can also be inefficient. RAN1 should study when the UE can transition to RRC_CONNECTED to send the measurement report that contains measurements made during RRC_IDLE.
Proposal 4: Study when the UE can transition to RRC_CONNECTED to send the measurement report that contains the measurements made during RRC_IDLE.
Conclusion.
In this contribution, the following proposals are made.
Proposal 1: For determination of TA for LPHAP, support Option 3 (“Option 3: UE maintains multiple TA values” where the UE indicates to the network the determined TA value)
Proposal 2: For determination of spatial information for LPHAP, support Option 2 (“Option 2: Spatial relation information is provided in the configuration”)
Proposal 3: For determination of pathloss RS for LPHAP, adopt Option 2 (“Option 2: Pathloss RS is provided in the configuration”)
Proposal 4: Study when the UE can transition to RRC_CONNECTED to send the measurement report that contains the measurements made during RRC_IDLE.
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