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1 Introduction

In RAN2#115e meeting, the following agreements on positioning in RRC inactive were achieved [1].
In this contribution, we will further discuss the positioning for RRC Inactive state UE and provide some proposals. 
2 Discussion
2.1 General issues for positioning in RRC inactive

During the previous meeting, it was agreed that any uplink LCS or LPP message can be transported in RRC inactive and the network can send DL LCS, LPP message and RRC message if there is ongoing UL SDT. Based on the agreements, we think different location service requests when UE in RRC inactive will be handled in different way.
For MO-LR, RRC inactive UE can send LCS and LPP message to LMF and then LMF also can send LCS and LPP message to UE since UE initiate data transmission using UL SDT. So the MO-LR can be supported when UE in RRC inactive.
For MT-LR, the LPP message or NRPPa message can be sent to the anchor gNB of the RRC inactive UE, and the anchor gNB decide how to forward the messages to UE. For example, if the anchor gNB is serving cell of the UE and there is ongoing UL SDT, the anchor gNB will send the message to RRC inactive UE directly, otherwise the anchor gNB should send RAN paging and then the RRC inactive UE will transition to RRC connected. However, from LMF perspective, the MT-LR is supported when UE is in RRC inactive.
For deferred MT-LR，the steps 1-21 in Figure 6.3.1-1 of TS 23.273 will be performed when UE is in RRC connected and then the following steps in figure 6.3.1-1 can be executed when UE is RRC inactive [2].
Based on the above discussion, we propose:

Proposal 1: Both MO-LR, MT-LR and deferred MT-LR can be supported for RRC inactive UE. 
2.2 Positioning assistance data 
For how to provide the positioning assistance information for RRC Inactive UE, we think following options can be considered. 

The positioning assistance information for RRC inactive UE is provided to UE when UE in RRC connected.

Option 1: The existing deferred MT-LR procedure

The LMF sends positioning assistance data to UE via LPP message when UE is in RRC Connected, and then if UE receives location information request message with deferred indication such as triggeredReporting and periodicalReporting, the UE will store positioning assistance data when the UE moves to RRC Inactive.

Option 2: The pre-configured assistance data 
The LMF sends pre-configured positioning assistance data via LPP message to UE when UE in the RRC Connected. And then  the UE will store pre-configured positioning assistance data and use it in the RRC Inactive.
Option 3: The network broadcasts posSIB

The gNB can broadcast the positioning SIB and RRC inactive UE also can request the positioning SIB if it is not broadcasted.
Option 4: The network send the assistance information to UE directly
If there is ongoing UL SDT, the gNB can forward the positioning assistance information to UE directly. 
Option 1 needs to use deferred MT-LR procedure, so if there is no deferred MT-LR positioning requirement, option 1 isn’t feasible for the RRC Inactive UE. For option 2, the pre-configured positioning assistance information provided may be not valid in some cases. For option 3, the network has to broadcast positioning sib if only one UE has positioning requirements, so it will increase the signaling overhead. For option 4, it requires the ongoing UL DST, if there is no ongoing SDT, the positioning assistance information can’t be sent to RRC inactive UE directly. So both of the options can be considered for different use cases. 
Proposal 2: The following options can be considered for different use cases to configure positioning assistance data for RRC Inactive UE:
Option 1: The existing deferred MT-LR procedure
Option 2: The pre-configured positioning assistance data
Option 3: The gNB broadcasts posSIB

Option 4: The existing LPP provide assistance data message sent to UE directly when there is ongoing SDT
2.3 SDT for RRC inactive UE positioning
For MO-LR, the RRC inactive UE can perform positioning in the RRC inactive based on the previous agreement and can also transition to RRC connected and then perform positioning. We think whether use SDT or transition to RRC connected should base on the SDT mechanism. For example, there may be a threshold for using SDT solution to transmit data, so the UE can use the threshold to determine whether use SDT mechanism or transmits to RRC Connected to perform positioning. 

For MT-LR, the gNB can determine how to forward the LPP and LCS message to UE. The gNB can trigger UE to transition to RRC connected if there is no on-going SDT, and then sends the LPP and LCS message to the UE. If there is on-gonging SDT, the gNB can send the LPP and LCS message by SDT.
Proposal 3: Whether use SDT or transition to RRC connected to send uplink LCS and LPP messages depends on the SDT mechanism;

Proposal 4: The gNB determine how to send DL LCS, LPP message and RRC message to inactive UE, either triggers UE to transition to RRC connected or sends the message to UE by SDT if there is ongoing SDT.
2.4 Measurement report enhancement 
Considering the SDT for RRC inactive positioning, gNB may not have enough information to decide the proper SDT configuration, such as the data size and transmission period. Moreover, it may be difficult for gNB to decide whether configure SDT resource for the UE positioning since the gNB don’t have any positioning requirements of the UE. 
Since LMF has the UE positioning requirements, in other words, the LMF knows that which UE has the low latency requirement, LMF can indicate gNB to configure/activate the SDT configuration for UE to transmit positioning measurements or location estimate. If gNB receives the indication from LMF, then the gNB can configure the SDT configuration.

When the UE positioning is finished, gNB will deactivate/release the SDT resource, however, gNB doesn’t have the knowledge whether UE positioning procedure is completed. So LMF can send assistance information to gNB to assist gNB to deactivate/release the SDT resource. For example, when the UE positioning is completed, LMF sends an indication to gNB to indicate the UE positioning completed, then gNB can decide to deactivate/release the SDT resource based on LMF indication.
Proposal 5: The LMF can provide assistance information to gNB and then gNB decides to configure/activate SDT configuration or deactivate/release the SDT configuration for UE transmitting positioning measurements or location estimate based on the assistance information. 

The SDT resource is decided by gNB, but for positioning measurements or location estimate transmission, the gNB doesn’t know the data size that the UE will report, so it is difficult for gNB to decide appropriate SDT configuration. Therefore, LMF can provide assistance information to gNB, gNB can decide the appropriate SDT configuration for UE to transmit positioning measurements or location estimate. Regarding the assistance information, the data size and data transmission period can be considered.
Proposal 6: LMF provide assistance information including data size and data transmission period to assist gNB to decide appropriate SDT resource for UE transmitting positioning measurements or location estimate.
2.5 UL positioning 
In the last meeting, it was agreed that the SRS for RRC inactive UE can be configured by RRCRelease with suspendConfig. But how to handle TA issue for UL positioning had not been discussed. In the SDT session, a TA timer had been introduced for TA maintenance in RRC inactive state for small data transmission. For UL positioning in RRC inactive, it also need a timer to maintenance the TA, if UL positioning in RRC inactive with CG-SDT is performed, the TA timer for CG-SDT will be configured, and the CG-SDT TA timer can be reused for UL positioning in RRC inactive.
Proposal 7: The CG-SDT TA timer should be reused for UL positioning in RRC inactive. 
3 Conclusions 
In this contribution, we have discussed the positioning enhancements for RRC Inactive state UE, based on the discussion, we have the following proposals:

Proposal 1: Both MO-LR, MT-LR and deferred MT-LR can be supported for RRC inactive UE. 
Proposal 2: The following options can be considered for different use cases to configure positioning assistance data for RRC Inactive UE:
Option 1: The existing deferred MT-LR procedure
Option 2: The pre-configured positioning assistance data

Option 3: The gNB broadcasts posSIB

Option 4: The existing LPP provide assistance data message sent to UE directly when there is ongoing SDT
Proposal 3: Whether use SDT or transition to RRC connected to send uplink LCS and LPP messages depends on the SDT mechanism;

Proposal 4: The gNB determine how to send DL LCS, LPP message and RRC message to inactive UE, either triggers UE to transition to RRC connected or sends the message to UE by SDT if there is ongoing SDT.
Proposal 5: The LMF can provide assistance information to gNB and then gNB decides to configure/activate SDT configuration or deactivate/release the SDT configuration for UE transmitting positioning measurements or location estimate based on the assistance information. 

Proposal 6: LMF provide assistance information including data size and data transmission period to assist gNB to decide appropriate SDT resource for UE transmitting positioning measurements or location estimate.
Proposal 7: The CG-SDT TA timer should be reused for UL positioning in RRC inactive. 
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LPP PDU and LCS message transfer:


Proposal 1:	The LPP PDU Transfer Procedure in Annex A is used as baseline for further work.


NOTE 1:	Some details may depend on further progress of the SDT work item.


NOTE 2:	Whether such a procedure needs to be captured in Stage 2 specification or not can be decided later when the procedure has been fully developed/agreed. That is, the procedure can be considered as "running baseline".





Proposal 2:	The LCS Message Transfer Procedure in Annex B is used as baseline for further work.


NOTE 1:	Some details may depend on further progress of the SDT work item.


NOTE 2:	Whether such a procedure needs to be captured in Stage 2 specification or not can be decided later when the procedure has been fully developed/agreed. That is, the procedure can be considered as "running baseline".





Proposal 3:	UL LPP message segmentation can also be used by the UE in RRC_INACTIVE state; i.e., a LPP message body can be sent in several shorter LPP messages instead of one long LPP message by using the SDT "Subsequent Data Transmission" phase.  FFS spec impact.





DL and RAT-independent positioning:


Proposal 4:	The Deferred 5GC-MT-LR Procedure with SDT for DL-only and RAT-independent positioning in Annex C is used as baseline for further work.


NOTE 1:	Some details may depend on further progress of SDT work item.


NOTE 2:	Whether such a procedure needs to be captured in Stage 2 specification or not can be decided later when the procedure has been fully developed/agreed. That is, the procedure can be considered as "running baseline".


NOTE 3:	Once the procedure is stable from RAN2 perspective, send an LS to SA2 including the baseline procedure.


gNB can configure the UE with periodic SRS (assuming periodic SRS is supported in RRC_INACTIVE) by RRCRelease with suspendConfig at least when periodic event is configured for deferred MT-LR.  Other cases can be further discussed.
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