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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last RAN2#114 e-meeting, some agreements were made positioning for UEs in RRC_INACTIVE state. And a email [Post114-e][602][POS] on stage 2 procedure for deferred MT-LR in RRC_INACTIVE was triggered. In this contribution, we would like to discuss further consideration on positioning for UEs in RRC_INACTIVE state.
Discussion
2.1. DL NR positioning methods and RAT-independent positioning methods in RRC_INACTIVE
Currently whether to release a UE into RRC_INACTIVE is up to NG-RAN node implementation. The deferred 5GC-MT-LR procedure for periodic location events has special signalling transmission pattern, i.e. UE reports location event periodically. However, gNB is not aware of it when LMF decides DL-only and RAT-Independent positioning for the deferred MR-LR location service. If LMF can provide the period of Deferred positioning to the gNB in this case, the gNB can decide whether to release the UE into RRC_INACTIVE if there is no data transmission in the future, or decide to configure SDT for SRB2 for periodic deferred location event reporting. Moreover, the gNB can configure suitable CG resource for SDT with the assistance info.
Proposal 1: LMF can provide period of Deferred positioning to assist the gNB to decide whether to release the UE into RRC_INACTIVE, configure SDT for SRB2, or configure CG resource for SDT.
During SI, the following conclusions on assistance data delivery for DL positioning methods in RRC_INACTIVE [1] were achieved:
	-	On-demand SI request in RRC_INACTIVE for assistance data delivery by broadcast in RRC_INACTIVE
-	ProvideAssistanceData in RRC_CONNECTED for DL-PRS configuration used in RRC_INACTIVE downlink positioning


And in last RAN2#114 e-meeting, it was agreed that the RRC state of the UE is not exposed to the LMF for INACTIVE UL and DL positioning. Hence, in our understanding, assistance data for DL positioning method in RRC_INACTIVE is similar to that in RRC_CONNECTED. The UE performs DL location measurements based on stored assistance data. If the stored assistance data is not valid, the UE will acquire assistance data via existing SI mechanism in RRC_INACTIVE or request assistance data via existing LPP message which may be transferred via SDT. No further enhancement is needed. This can also apply to RAT-independent positioning methods in RRC_INACTIVE.
Proposal 2: The UE performs DL location measurements in RRC_INACTIVE based on stored assistance data. If the stored assistance data is not valid, the UE in RRC_INACTIVE can acquire valid assistance data based on existing mechanism.
In [Post114-e][602][POS] email, stage 2 procedure on DL-only and RAT-Independent positioning for low power periodic and triggered 5GC-MT-LR with SDT was provided and discussed. Based on the stage 2 procedure in [Post114-e][602][POS] email, a possible stage 2 procedure is shown below, with some modifications highlighted with red in figure 1.


Figure 1 Low Power Periodic and Triggered 5GC-MT-LR Procedure with SDT (DL-only and RAT-Independent positioning)
1. Steps 1-15 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1 are performed.
2. If periodic location was requested while LMF decides DL-only and RAT-Independent positioning for the location service, LMF provides period of Deferred positioning to assist the gNB to decide whether to release the UE into RRC_INACTIVE, configure SDT for SRB2, or configure CG resource for SDT within RRC_INACTIVE.
Meanwhile, Steps 16-21 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1 are performed.
The gNB sends the UE into RRC_INACTIVE via RRC Release message, which may take into account assistance info from LMF.
3. The UE monitors occurrence of the trigger or periodic event. The UE performs location measurements based on the position method(s) included in an LPP Request Location Information message carried in the LCS Periodic-Triggered Invoke Request during Step 2.
4. The UE sends a supplementary services event report message to the LMF and may include an embedded positioning message which includes any obtained location measurements or location estimate. The UE includes the LCS Event Report and LPP Provide Location Information (PLI) message in the payload container of the UL NAS Transport message.
The UE determines to use SDT to transfer the message to gNB. Then the UE sends the RRC Resume Request message along with RRC UL Information Transfer message, which includes the UL NAS Transport message, to the gNB.
5. Based on SDT procedure, the anchor gNB or the current serving gNB forwards the received UL NAS Transport message to the LMF.
6. The LMF sends an SS Event Report Acknowledgement to the gNB (the anchor gNB or the current serving gNB), or the LMF may send LPP message to the gNB as one or more of of the positioning procedures are required as steps 27 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1.
The gNB (the anchor gNB or the current serving gNB) sends RRC DL Information Transfer message along with RRC Release message to the UE based on SDT procedure, or the gNB sends RRC DL Information Transfer message to the UE when the UE is in RRC_CONNECTED.
7. Steps 28-31 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1 are performed.
Proposal 3: Take the above stage 2 procedure as the baseline for stage 2 on DL NR positioning methods and RAT-independent positioning methods in RRC_INACTIVE.
2.2. UL NR positioning methods in RRC_INACTIVE
In last RAN2#114 e-meeting, we only agreed to send an LS to RAN1 on UL positioning in RRC_INACTIVE but has not reached any conclusion on the topic. 
During SI phase, two signals for UL NR positioning methods for RRC_INACTIVE UEs were mentioned, including SRS and PRACH. Considering the signal for UL positioning in RRC_INACTIVE is FFS in RAN1, we would like to use UL pos-RS instead. 
Location measurements can be predicted in some scenarios, e.g. deferred 5GC-MT-LR procedure with periodic location measurements. In this case, positioning efficiency can be improved if the UE in RRC_INACTIVE sends configured UL pos-RS configuration in pre-defined times while the network monitors UL pos-RS in pre-defined times without interaction with UEs in RRC_INACTIVE. The UE can receive the configured UL pos-RS configuration before it enters RRC_INACTIVE.
Even if location measurements can be predicted in some cases, it is hard for the LMF to choose gNBs/TRPs to monitor UL pos-RS transmitted by UE in RRC_INACTIVE if the UE is moving. To simiplify UL NR positioning methods in RRC_INACTIVE, we can restrict that the received UL pos-RS configuration for RRC_INACTIVE is valid only in the cell which releases the UE into RRC_INACTIVE. Then the LMF can trigger proper gNBs/TRPs to monitor UL pos-RS transmitted by UE in RRC_INACTIVE with limited area. And when UL positioning in RRC_INACTIVE is triggered while the UE has valid UL pos-RS configuration, the UE in RRC_INACTIVE transmits UL pos-RS signal. Otherwise, if UL positioning in RRC_INACTIVE is triggered while the UE doesn’t have valid UL pos-RS configuration, the UE in RRC_INACTIVE sends request for UL pos-RS configuration.
Proposal 4: Support the gNB sends UL pos-RS configuration within RRC Release message to the UE for UL positioning in RRC_INACTIVE. 
Proposal 5: The received UL pos-RS configuration in RRC Release message is valid only in the cell which releases the UE into RRC_INACTIVE. 
Proposal 6: When UL positioning in RRC_INACTIVE is triggered while the UE has valid UL pos-RS configuration, the UE in RRC_INACTIVE transmits UL pos-RS signal. Otherwise, the UE in RRC_INACTIVE sends request for UL pos-RS configuration.
There are two possible options for the UE in RRC_INACTIVE to send request for UL pos-RS configuration.
· Option 1: The UE in RRC_INACTIVE sends request for UL pos-RS configuration via RRC message.
· Option 2: The UE in RRC_INACTIVE sends request for UL pos-RS configuration via LPP message.
The two possible stage 2 procedures for UL NR positioning in RRC_INACTIVE are shown below.
· Option 1: via RRC



Figure 2 Low Power Periodic and Triggered 5GC-MT-LR Procedure with SDT (UL-only positioning, via RRC Request)
1. Steps 1-17 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1 are performed.
2. LMF adopts UL positioning for deferred location service. The LMF sends a NRPPa POSITIONING INFORMATION REQUEST message to the gNB to request UL pos-RS configuration for deferred location.
The gNB determines UL pos-RS configuration and sends the configuration to the UE via RRC Release message. The UE enters RRC_INACTIVE and stores the received UL pos-RS configuration for UL positioning in RRC_INACTIVE. Meanwhile, the gNB sends the configuration to the LMF and step 18-21 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1 are performed.
3. The UE monitors occurrence of the trigger or periodic event.
- Case 1: If the UE has valid UL pos-RS configuration, the UE in RRC_INACTIVE transmits UL pos-RS signal. At the same time, the LMF triggers the selected gNBs/TRPs to measurement UL pos-RS transmissions from the UE.
- Case 2: If the UE doesn’t have valid UL pos-RS configuration, the UE in RRC_INACTIVE sends RRC message to request UL pos-RS configuration.
· If SDT is adopted, the UE sends the RRC Resume Request message along with RRC message request for UL pos-RS configuration to anchor/serving gNB. The anchor gNB performs anchor relocation procedure based on SDT procedure.
· The current serving gNB decides UL pos-RS configuration, and send the related configuration to the UE. The current serving gNB can send the configuration within RRC_INACTIVE via SDT or when the UE in RRC_CONNECTED. Meanwhile the current serving gNB informs the configuration to the LMF.
· The UE transmits UL pos-RS signal based on received configuration. At the same time, the LMF triggers the selected gNBs/TRPs to measurement UL pos-RS transmissions from the UE.
4.  Steps 27-31 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1 are performed.

· Option 2: via LPP message.



Figure 3 Low Power Periodic and Triggered 5GC-MT-LR Procedure with SDT (UL-only positioning, via LPP Request)
1. Steps 1-17 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1 are performed.
2. LMF adopts UL positioning for deferred location service. The LMF sends a NRPPa POSITIONING INFORMATION REQUEST message to the gNB to request UL pos-RS configuration for deferred location.
The gNB determines UL pos-RS configuration and sends the configuration to the UE via RRC Release message. The UE enters RRC_INACTIVE and stores the received UL pos-RS configuration for UL positioning in RRC_INACTIVE. Meanwhile, the gNB sends the configuration to the LMF and step 18-21 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1 are performed.
3. The UE monitors occurrence of the trigger or periodic event.
- If the UE has valid UL pos-RS configuration, the UE in RRC_INACTIVE transmits UL pos-RS signal. At the same time, the LMF triggers the selected gNBs/TRPs to measurement UL pos-RS transmissions from the UE.
- If the UE doesn’t have valid UL pos-RS configuration, the UE in RRC_INACTIVE sends LPP message to request UL pos-RS configuration.
· If SDT is adopted, the UE sends the RRC Resume Request message along with RRC UL Information Transfer, which includes the LPP request message, to anchor/serving gNB. And anchor/serving gNB forwards the received UL NAS Transport message, which includes the LPP message for requesting UL pos-RS configuration, to the LMF.
· The LMF sends a NRPPa POSITIONING INFORMATION REQUEST message to the gNB to request UL pos-RS configuration.
· If needed, the anchor gNB performs anchor relocation procedure based on SDT procedure upon receiving the NRPPa POSITIONING INFORMATION REQUEST message.
· The current serving gNB decides UL pos-RS configuration, and send the related configuration to the UE. The current serving gNB can send the configuration within RRC_INACTIVE via SDT or when the UE in RRC_CONNECTED. Meanwhile provides the UL information to the LMF in a NRPPa POSITIONING INFORMATION RESPONSE message.
· The UE transmits UL pos-RS signal based on received configuration. At the same time, the LMF triggers the selected gNBs/TRPs to measurement UL pos-RS transmissions from the UE.
4.  Steps 27-31 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1 are performed.
Compared option 1 (via RRC request) with option 2 (via LPP request), we slightly prefer option 2 (via LPP request) as it also can be applied to UL positioning in RRC_IDLE.
Proposal 7: RAN2 discuss which option is adopted for the UE in RRC_INACTIVE to request UL pos-RS configuration.
· Option 1: The UE in RRC_INACTIVE sends request for UL pos-RS configuration via RRC message.
· Option 2: The UE in RRC_INACTIVE sends request for UL pos-RS configuration via LPP message.
Conclusion
In this contribution, we discuss our further consideration on positioning for UEs in RRC_INACTIVE state, and propose:
DL NR positioning methods and RAT-independent positioning methods in RRC_INACTIVE:
Proposal 1: LMF can provide period of Deferred positioning to assist the gNB to decide whether to release the UE into RRC_INACTIVE, configure SDT for SRB2, or configure CG resource for SDT.
Proposal 2: The UE performs DL location measurements in RRC_INACTIVE based on stored assistance data. If the stored assistance data is not valid, the UE in RRC_INACTIVE can acquire valid assistance data based on existing mechanism.
Proposal 3: Take the above stage 2 procedure as the baseline for stage 2 on DL NR positioning methods and RAT-independent positioning methods in RRC_INACTIVE.
UL NR positioning methods in RRC_INACTIVE:
Proposal 4: Support the gNB sends UL pos-RS configuration within RRC Release message to the UE for UL positioning in RRC_INACTIVE. 
Proposal 5: The received UL pos-RS configuration in RRC Release message is valid only in the cell which releases the UE into RRC_INACTIVE. 
Proposal 6: When UL positioning in RRC_INACTIVE is triggered while the UE has valid UL pos-RS configuration, the UE in RRC_INACTIVE transmits UL pos-RS signal. Otherwise, the UE in RRC_INACTIVE sends request for UL pos-RS configuration.
Proposal 7: RAN2 discuss which option is adopted for the UE in RRC_INACTIVE to request UL pos-RS configuration.
· Option 1: The UE in RRC_INACTIVE sends request for UL pos-RS configuration via RRC message.
· Option 2: The UE in RRC_INACTIVE sends request for UL pos-RS configuration via LPP message.
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