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1. Introduction
In RANP#91-e, the WID on NR positioning enhancement has been approved [1]. The following scope was specified for the support of positioning in RRC Inactive state:
· [bookmark: _Hlk67643273]Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3,RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state
In this paper, we discuss the positioning in RRC INACTIVE state from RAN3’s perspective. 
2. Discussion
2.1 DL positioning for UE in INACTIVE state
The DL related positioning mainly includes the following procedures: The TRP information exchange, the capability exchange, the assistance data transfer, the measurements exchange. The TRP information exchange procedure is non-UE associated and thus has no need for enhancement for positioning in INACTIVE state. For the assistance data transfer, the NRPPa message “Assistance information control” and “Assistance information feedback” are also non-UE associated. Thus, there will be no difference for these NRPPa messages transfer for the UE in different RRC states.
Observation 1: There is no need to enhance the TRP information exchange procedure or assistance information transfer procedure for DL positioning in RRC_INACTIVE.
Uplink LPP message transfer
The other procedures including capability exchange and the measurement exchange are based on the LPP procedures. The assistance data can also be delivered using LPP messages. The LPP messages are encapsulated in NAS when transferring between the UE and the core networks. For the uplink LPP message transfer when UE is in RRC_INACTIVE state, the procedure is studied in RAN2 and is proposed to utilize the small data framework. Since the F1 and NG interface only need to transparently transfer the NAS PDU to the core network, there is no impacts on F1AP or NGAP for the uplink LPP message transfer. 
Observation 2: There are no RAN3 spec impacts for uplink LPP message transfer when UE is in RRC_INACTIVE state.

Downlink LPP message transfer
For the downlink LPP message transfer, it seems that there are also no impacts RAN3 specs when UE is in RRC_INACTIVE state because the LPP is encapsulated in NAS, which is transparently delivered on F1 and NG interface. However, this is only true when UE is within the last serving RAN when UE is in RRC_INACTIVE. 
Figure 1 is the DL LPP message delivery procedure in TS 38.305. It can be seen that the AMF always deliver the LPP message to the UE’s serving RAN, who then forwards to the UE via RRC message. For a UE in RRC_INACTIVE state, the AMF will also sends the LPP PDU to the last serving RAN, who then pages UE to resume the RRC connection and send the LPP PDU to the UE. 
In the case that the UE in RRC_INACTIVE state has already moved out of the last serving RAN, the last serving RAN receives the LPP PDU from AMF and it will also page UE to let UE resume connection with the RAN node. However, the UE will access to a new serving RAN rather the last serving RAN, who will not be able to deliver the LPP PDU to the UE. The last serving RAN will have to failed the NAS transfer procedure and notify the failure to the AMF. The AMF will either wait for some time to re-delivery or sends the failure indication to the LMF. This will cause extra obvious latency and increase the UE power consumption. To support the positioning in RRC_INACTIVE state to save the UE power consumption, it is proposed to study the LPP PDU delivery solutions when the UE in RRC_INACTIVE state has moved out of the last serving RAN. The potential solution can be to include the LPP PDU in the UE context exchange procedure to enable the new serving RAN to deliver the PDU to the UE via RRC directly.


Figure 1, downlink LPP PDU transfer
Observation 3: When the UE in RRC_INACTIVE state has moved out of the last serving RAN, the LPP message delivery will be failed at the last serving RAN and the AMF or LMF will need to re-send the message, which cause obvious time delay and extra UE power consumption.
Observation 4: RAN3 needs to study the solutions for the LPP message delivery when the UE in RRC_INACTIVE state has moved out of the last serving RAN.

2.2 UL positioning for UE in INACTIVE state
As showed in figure 2, the UL positioning mainly includes the following procedures: The TRP information exchange, the capability exchange, the SRS configuration exchange, the measurements exchange, and the SRS activation procedure for SP/AP SRS.


Figure 2, UL positioning procedure for UE in CONNECTED state
The TRP information exchange procedure and the measurement procedure are non-UE associated and thus there is no need for any enhancement for UE in INACTIVE state. 
Observation 5: There is no need to enhance the TRP information exchange procedure or measurement procedure to support UL positioning for UE in INACTIVE state.
SRS transmission configuration
The UE-associated NRPPa messages include the SRS related procedures: The positioning information exchange, the positioning activation/deactivation. For the UE in RRC_CONNECTED state, similar to the downlink LPP message deliver, the LMF send the UE-associated NRPPa PDU to the AMF, who then forward the PDU to the UE’s serving RAN node. The serving RAN then configure the UE for the SRS transmissions via RRC or MAC messages. 
When the UE in RRC_INACTIVE state is within the last serving RAN, the last serving RAN receives the UE-associated NRPPa message and pages UE to resume the RRC connection and configure the SRS transmissions via RRC/MAC messages. In this case, the RAN3 specs have no need for any enhancements to support the positioning for the UE in RRC_INACTIVE. 
When the UE in RRC_INACTIVE state has moved out of the last serving RAN, the UE-associated NRPPa message will also be delivered to the last serving RAN. The last serving RAN would page UE to resume the RRC connection but the UE will access to the new serving RAN. Therefore, the last serving RAN will not be able to configure the UE to sending SRS, or activate the UE to start the SP/AP SRS transmissions. The last serving RAN will responds to the LMF with failure message. The LMF will have no idea that the failure is because the UE has moved out to the new serving RAN and thus may not be able to have the correct behaviour when failed to configure UE sending SRS, which cause extra latency, UE power consumption, and even the positioning service failure. Therefore, the enhancement will be necessary and the solutions can either be notify the reason of cell change, or to include the SRS related information in the UE context exchange procedure to enable the new serving RAN to configure UE sending SRS.
Observation 6: When the UE in RRC_INACTIVE state has moved out of the last serving RAN, the SRS transmission configuring will be failed at the last serving RAN, which can cause obvious time delay, extra UE power consumption, and even positioning service failure.
Observation 7: RAN3 needs to study the solutions for SRS transmission configuring related procedure enhancement when the UE in RRC_INACTIVE state has moved out of the last serving RAN.
SRS transmission in RRC_INACTIVE
In Rel-16, when the serving RAN receives the Positioning Information Request message, it will configure the UE sending SRS and maintain the UE in RRC_CONNECTED state. In Rel-17, the serving RAN node will need to release the UE into RRC_INACTIVE state to send the SRS. In order to differentiate the two releases, the serving RAN node need to have the knowledge that the UE can be released into the RRC_INACTIVE state to sending the SRS. The LMF would have knowledge regarding the UE capability of SRS transmission in RRC_INACTIVE or not (Rel-16 UE or Rel-17 UE). Therefore, it is proposed to include the related information in the Positioning Information Request message when the LMF request the serving RAN to configure UE sending SRS. 
Observation 8: LMF needs to enhance the Positioning Information Exchange procedure to let the serving RAN node have the information to release the UE into RRC_INACTIVE to send SRS. 

[bookmark: OLE_LINK17][bookmark: OLE_LINK18]2.3 Enhancements in RAN3
Based on the discussion above, RAN3 can discuss the solutions for the following issues to support the positioning in RRC_INACTIVE state: 
· The LPP message delivery when the UE in RRC_INACTIVE state has moved out of the last serving RAN.
· SRS transmission configuring related procedure enhancement when the UE in RRC_INACTIVE state has moved out of the last serving RAN
· Positioning Information Exchange procedure enhancement to let the serving RAN node have the information to release the UE into RRC_INACTIVE to send SRS
Proposal 1: RAN3 to discuss the solutions for the following issues to support the positioning in RRC_INACTIVE state: 
· The LPP message delivery when the UE in RRC_INACTIVE state has moved out of the last serving RAN.
· SRS transmission configuring related procedure enhancement when the UE in RRC_INACTIVE state has moved out of the last serving RAN
· Positioning Information Exchange procedure enhancement to let the serving RAN node have the information to release the UE into RRC_INACTIVE to send SRS
3. Conclusion
Based on the discussion in this paper, we propose the following:
Observation 1: There is no need to enhance the TRP information exchange procedure or assistance information transfer procedure for DL positioning in RRC_INACTIVE.
Observation 2: There are no RAN3 spec impacts for uplink LPP message transfer when UE is in RRC_INACTIVE state.
Observation 3: When the UE in RRC_INACTIVE state has moved out of the last serving RAN, the LPP message delivery will be failed at the last serving RAN and the AMF or LMF will need to re-send the message, which cause obvious time delay and extra UE power consumption.
Observation 4: RAN3 needs to study the solutions for the LPP message delivery when the UE in RRC_INACTIVE state has moved out of the last serving RAN.
Observation 5: There is no need to enhance the TRP information exchange procedure or measurement procedure to support UL positioning for UE in INACTIVE state.
Observation 6: When the UE in RRC_INACTIVE state has moved out of the last serving RAN, the SRS transmission configuring will be failed at the last serving RAN, which can cause obvious time delay, extra UE power consumption, and even positioning service failure.
Observation 7: RAN3 needs to study the solutions for SRS transmission configuring related procedure enhancement when the UE in RRC_INACTIVE state has moved out of the last serving RAN.
Observation 8: LMF needs to enhance the Positioning Information Exchange procedure to let the serving RAN node have the information to release the UE into RRC_INACTIVE to send SRS. 
Proposal 1: RAN3 to discuss the solutions for the following issues to support the positioning in RRC_INACTIVE state: 
· The LPP message delivery when the UE in RRC_INACTIVE state has moved out of the last serving RAN.
· SRS transmission configuring related procedure enhancement when the UE in RRC_INACTIVE state has moved out of the last serving RAN
· Positioning Information Exchange procedure enhancement to let the serving RAN node have the information to release the UE into RRC_INACTIVE to send SRS
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