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Abstract: This document propose new solution for location service continuity in case of UE mobility between NG-RAN nodes
1. Discussion
KI#8 in TR 23.700-71 includes the scenario: UE mobility between NG-RAN nodes. 
Currently, only one solution regarding mobility between NG-RAN nodes adopted in TR 23.700-71, i.e., solution#22. The following are some considerations after reading solution#22:
· This solution only consider the handover procedure, it does not mention the UE mobility in CM-IDLE (e.g., TAU impact to location procedure) and UE mobility in CM-connected with RRC-inactive.
· This solution assume the LMF is unchanged, it is unclear how to address the issue incurred by LMF change for the positioning procedure.
· For the UE mobility in CM-connected with RRC-connected, i.e., the handover procedure, the main idea of this solution is after handover complete, AMF notify LMF, then LMF re-interact with RAN to update the positioning information. However, considering some location services, such as for the high speed moving devices (e.g., Intelligent high-speed rail, intelligent transportation systems, etc) has stringent requirement for the delay, the more suitable way may enable the source NG-RAN and target NG-RAN directly exchange the positioning related information during the handover preparation phase, then the target NG-RAN notify the updated positioning information to LMF.
a) Issue Description for positioning UE mobility in RRC-inactive
Regarding UE positioning in RRC-inactive, RAN WG has achieved some agreements in R17 eLCS and these agreements have been documented in the latest RAN TS 38.423 v17.0.0. (As shown in Fig.1). To support the positioning continuity for UE in RRC-inactive with anchor gNB relocation, source NG-RAN provide the Positioning Information to target NG-RAN via the Retrieve UE Context Response message, the Positioning Information includes the SRS transmission characteristics and the Routing ID (i.e., the old LMF ID). Then target NG-RAN can provide the SRS configuration based on the SRS transmission characteristics and provides it to UE, after the SRS configuration update, target NG-RAN sends the Positioning Information Update message to LMF to let LMF aware the latest SRS configuration. Some views from RAN WG think via this way can guarantee the location service continuity and can reduce the positioning latency, also, some views from RAN WG think the target NG-RAN prefer to know the SRS transmission characteristic from source NG-RAN rather than recommend by LMF, with the reason that target NG-RAN can based on the beam direction from source NG-RAN to decide the suitable beam direction to UE.
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Fig.1
As shown in Fig.2, the routing ID is a mandatory IE, however, for the case of anchor NG-RAN relocation, the routing ID may out of date. That is, after the AMF receive the N2 path switch request from target NG-RAN, this may trigger the LMF change procedure as described in clause 6.3.4 of TS 23.273, under this case, the target NG-RAN cannot able to sends the uplink positioning message to the right LMF, thus will incur the location service failure.
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Fig.2
b) Some considerations for positioning UE mobility in CM-connected with RRC-connected
As shown in Fig.3, here are some considerations for this solution#22:
· The main idea of this solution is after handover complete, AMF notify LMF, then LMF re-interact with RAN to update the positioning information. However, considering some location services, such as for the high speed moving devices (e.g., Intelligent high-speed rail, intelligent transportation systems, etc) has stringent requirement for the delay, the more suitable way may enable the source NG-RAN and target NG-RAN directly exchange the positioning related information during the handover preparation phase, then the target NG-RAN tell the updated positioning information to LMF.
· This solution assume the LMF is unchanged, it is unclear how to address the issue incurred by LMF change for the positioning procedure.
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Fig.3
c) Issue Description for positioning UE mobility in CM-IDLE
As shown in Figure.4, the location context in LMF record the AMF instance ID, LMF can use this AMF instance ID to sends the UE specific N1/N2 message to the UE/RAN, e.g., the LPP PDU or NRPPa PDU.
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Fig.4
For Periodical location service, during the interval between the periodical location sessions, UE may become CM-IDLE state and may instigate the TAU procedure, e.g., the periodical registration, which may incur the AMF change. To avoid LMF sends the location message to the wrong AMF, it is necessary to let LMF aware the new AMF instance ID.
In light above, this document tries to propose a new solution for Key Issue #8, and cover the following scenarios:
-	UE mobility in CM-CONNECTED with RRC-Inactive.
-	UE mobility in CM-CONNECTED with RRC-connected, i.e., the handover procedure.
-  UE mobility in CM-IDLE.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-47.
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Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping Solutions to Key Issues
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* * * * Second change * * * *
6.X	Solution #X: location service continuity for UE moves between NG-RAN nodes 
[bookmark: _Toc104459488]6.X.1	Introduction
This solution addresses Key Issue #8, mainly focus on the deferred 5GC-MT-LR Procedure for Periodic, Triggered and UE Available Location Events procedure and the location service continuity for UE moves between NG-RAN nodes.
[bookmark: _Toc104459489]6.X.2	Functional description
The procedures in clause 6.x.3.1~6.5.3.3 are used for the location service continuity for UE moves between NG-RAN nodes, under the following mobility cases:
· Moving in RRC-inactive for UL and DL positioning: with anchor NG-RAN relocation, target NG-RAN acquire the positioning related information via the retrieve UE context message, target NG-RAN update the positioning related configuration and sends the latest configuration to LMF. AMF or old LMF determines whether need trigger the LMF change procedure and enable the latest configuration reach to the correct LMF. After handover complete, AMF notify LMF the target cell ID and/or the target NG-RAN ID, based on that information, LMF configures the selected neighbour NG-RANs with the latest configuration.
· Moving in CM-connected with RRC-connected for UL and DL positioning: during the handover preparation phase, source NG-RAN sends the positioning related information to target NG-RAN via the handover message, target NG-RAN updates the positioning related configuration and sends the latest configuration to LMF. AMF or old LMF determine whether need trigger the LMF change procedure and enable the latest configuration reach to the correct LMF. AMF notify LMF the target cell ID and/or the target NG-RAN ID, based on that information, LMF configures the selected neighbour NG-RANs with the latest configuration.
NOTE 1: RAN WG coordination is needed.
· Moving in CM-IDLE: during the registration procedure, after new AMF receive the UE context information from old AMF, if AMF finds UE has positioning related information, AMF sends the new AMF instance ID to LMF via the next periodical N1messageNotify.
[bookmark: _Toc104459490]6.X.3	Procedures
[bookmark: _Toc104459377]6.X.3.1	Location Service Continuity for UE moves in RRC-inactive

Figure 6.X.3.1-1: Location Service Continuity for UE moves in RRC-inactive.
1. Deferred 5GC-MT-LR for periodic, triggered and UE available location events procedure, as defined in TS 23.273, clause 6.3.1, steps 1~21.
2~4. UE in RRC-inactive sate and finds event is triggered, UE sends the RRC Resume to target NG-RAN.
5.  With anchor NG-RAN relocation, target NG-RAN acquire the old LMF ID and the positioning related information (based on the RAN 17 conclusion, see clause 9.2.1.13 and clause 9.2.3.168 of TS 38.423), target NG-RAN update the positioning configuration (e.g., SRS configuration) based on the positioning related information (e.g., the requested SRS Transmission Characteristics).
6.  Target NG-RAN sends the N2 Path Switch Request to AMF, based on the UE location information (i.e., the ULI in path switch request), either AMF or old LMF can determine whether LMF need change (i.e., clause 6.4 of TS 23.273), if AMF determine LMF change, steps 7~15 are performed and steps 16~23 are skipped, after LMF change complete, the AMF need store the mapping relationship between the source LMF ID and the new LMF ID. Otherwise, if old LMF determine LMF change, steps 7~15 are skipped and steps 16~23 are performed.
If AMF determine the LMF change (i.e., as described in TS 23.273, clause 6.4, step 4~7), the following steps 7~15 are performed and steps 16~23 are skipped.
NOTE 1:  no sequence restrict for step 7 and step 8, step 7 and step 8 may perform in parallel.
8~9. Target NG-RAN invokes the Uplink UE associated NRPPa transport message to AMF, includes the routing ID (i.e., the old LMF ID), the NRPPa PDU (i.e., the Positioning Information Update (includes the positioning configuration))。
10. If AMF finds the LMF is changed, the AMF determine the source LMF ID corresponding new LMF ID, then sends the NRPPa PDU to the new LMF。
11. AMF invokes Namf_Communication_N2InfoNotify to new LMF, includes the NRPPa PDU (e.g., the update positioning configuration), the NG-RAN node ID and/or the target cell ID, the handover complete notification.
12. The new LMF invokes the Namf_Communication_N1N2MessageTransfer to AMF, includes the NRPPa PDU (e.g., the Positioning Information Activation), the LCS correlation ID.
13. After receive the Namf_Communication_N1N2MessageTransfer from new LMF, the AMF invokes Downlink UE associated NRPPa transport message to target NG-RAN, includes the new LMF ID, the indication to indicates a change of LMF.
14. Based on the handover complete notification and the target cell ID and/or the target NG-RAN node ID, the new LMF configure the selected neighbour NG-RAN nodes with the latest positioning configuration.
NOTE 2: no sequence restrict for steps 12~15 and step 14, steps 12~15 and step 14 may perform in parallel.
15. The target NG-RAN update the LMF ID.
If old LMF determines the LMF change (i.e., as described in TS 23.273, clause 6.4, step 4~7), the following steps 16~23 are performed and steps 7~15 are skipped.
17.   Target NG-RAN invokes the Uplink UE associated NRPPa transport message to AMF, includes the routing ID (i.e., the old LMF ID), the NRPPa PDU (i.e., the Positioning Information Update (includes the positioning configuration))。 
18.   The AMF invokes Namf_Communication_N2InfoNotify to new LMF, includes the NRPPa PDU (e.g., the update positioning configuration), the NG-RAN node ID and/or the target cell ID, the handover complete notification.
20.  The new LMF invokes the Namf_Communication_N1N2MessageTransfer from new LMF, includes the new LMF ID, the indication to indicate a change of LMF. 
21.  The AMF invokes Downlink UE associated NRPPa transport message to target NG-RAN, includes the new LMF ID, the indication to indicates a change of LMF.
22.  Based on the handover complete notification and the target cell ID and/or the target NG-RAN node ID, the new LMF configure the selected neighbour NG-RAN nodes with the latest positioning configuration.
23.  The target NG-RAN update the LMF ID.
NOTE 3: no sequence restrict for step 22 and steps 20~23, step 22 and steps 2-~23 may perform in parallel.
6.X.3.2	Location Service Continuity for UE moves in CM-connected with RRC-connected
6.X.3.2.1	Xn handover

 Figure 6.X.3.2.1-1: Location Service Continuity for UE moves in CM-connected with RRC-connected-Xn handover.
1. Deferred 5GC-MT-LR for periodic, triggered and UE available location events procedure, as defined in TS       23.273, clause 6.3.1, steps 1~21.
2~4.  Target NG-RAN acquire the old LMF ID and the positioning related information (e.g., via the handover request message), target NG-RAN update the positioning configuration based on the positioning related information and sends the update positioning configuration to UE.
5.    Target NG-RAN sends the N2 Path Switch Request to AMF, based on clause 6.4 of TS 23.273, either AMF or old LMF can determine whether LMF need change, if AMF determine LMF change, steps 6~14 are performed and steps 15~19 are skipped, if old LMF determine LMF change, steps 6~14 are skipped and steps 15~19 are performed.
6~14.  Same as steps 7~19 as described in clause 6.X.3.1. 
15~19. Same as steps 16~23 as described in clause 6.X.3.1.
6.X.3.2.2	N2 handover

 Figure 6.X.3.2.2-2: Location Service Continuity for UE moves in CM-connected with RRC connected-N2 handover.
1. Deferred 5GC-MT-LR for periodic, triggered and UE available location events procedure, as defined in TS       23.273, clause 6.3.1, steps 1~21.
2~4. Target NG-RAN acquire the old LMF ID and the positioning related information (e.g., via the handover required and handover request message), target NG-RAN update the positioning configuration based on the positioning related information and sends the update positioning configuration to UE.
5.    Target NG-RAN sends the Handover Notify to AMF, based on clause 6.4 of TS 23.273, either AMF or old LMF can determine whether LMF need change, if AMF determine LMF change, steps 6~14 are performed and steps 15~19 are skipped, if old LMF determine LMF change, steps 6~14 are skipped and steps 15~19 are performed.
NOTE: The AMF in figure 6.X.3.2.2-2 can be referred to the T-AMF, i.e., T-AMF determines whether the LMF need change based on the ULI (i.e., the target cell ID) included in handover notify message.
6~13.  Same as steps 7~15 as described in clause 6.X.3.1. 
14~17. Same as steps 16~23 as described in clause 6.X.3.1.
6.X.3.3	Location Service Continuity for UE moves in CM-IDLE


Figure 6.X.3.3-1: Location Service Continuity for UE moves in CM-IDLE.
1. Deferred 5GC-MT-LR for periodic, triggered and UE available location events procedure, as defined in TS       23.273, clause 6.3.1, steps 1~21.
2. Periodic event triggered, UE sends the event report to 5GC, as described in clause 6.3.1 of TS 23.273, steps 22~30.
3. Before next time periodic event triggered, UE may go to CM-IDLE state.
4~8. As UE moving, registration procedure may performed, as defined in clause 4.2.2.2.2 of TS 23.502, steps 1~5.
9.  After retrieve the UE context information, if AMF finds UE has positioning related information (i.e., if AMF has stored the periodic/deferred location service context), AMF sends the new AMF instance ID to LMF, e.g., via the next periodical N1messageNotify in step 12.
  10~11. Same as steps 22~25 as defined in clause 6.3.1 of TS 23.273.
  12.   AMF sends the Namf_N1MessageNotify to LMF, includes the new AMF instance ID, based on the received message, the LMF update the location context, i.e., substitute the old AMF instance ID to the new AMF instance ID. 
  13.  Same as steps 26~30 in clause 6.3.1 of TS 23.273.
[bookmark: _Toc104459491]6.X.4	Impacts on services, entities, and interfaces
NG-RAN: 
-	exchange the positioning related information and positioning related configuration during the handover preparation phase
-  After positioning configuration update, trigger to sends the latest positioning configuration to LMF
LMF:
-	After receive the positioning configuration and the target cell ID/target NG-RAN node ID, select and configure the candidate neighbour NG-RAN with the latest positioning configuration.
-  If LMF determine the LMF change, the new LMF invokes the Namf_Communication_N1N2MessageTransfer to AMF, includes the new LMF ID, the indication to indicate a change of LMF.
AMF:
-  After receive the Uplink UE associated NRPPa transport, if UE has positioning related information and if AMF is changed, indicates the new AMF instance ID to LMF.
-  After retrieve the UE context information, if UE has positioning related information and if LMF is changed, map the source LMF ID to the new LMF ID and sends the NRPPa PDU to the new LMF.
-  After handover complete, notify LMF the target cell ID and/or the target NG-RAN node ID.
-  After receive downlink UE associated NRPPa transport, notify the new LMF ID and the LMF change indication to NG-RAN.
* * * * End of changes * * * *
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12. Downlink UE associated NRPPa transport (NRPPa PDU, new LMF ID, [indicate the LMF has been changed])
9. if AMF finds UE has positioning related information and if the LMF change is on-going, after the LMF change complete, the AMF map the source LMF ID to the new LMF ID, then sends the NRPPa PDU to the new LMF。
14. update the LMF ID
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16. Uplink UE associated NRPPa transport(Positioning Information Update (Positioning configuration),  Routing ID(i.e., source LMF ID)

17. Namf_Communication_N2InfoNotify(Positioning Information Update (NRPPa Transaction ID),[Global RAN node ID],[cell ID],[handover complete notification])
18. based on TS 23.273, if old LMF determine the LMF change , as defined in clause 6.4 of TS 23.273, step 5~7.
19. same as steps 20~23 as mentioned  in clause 6.X.3.1.



1. Deferred 5GC-MT-LR for periodic, triggered and UE available location events procedure, as defined in TS 23.273, clause 6.3.1, steps 1~21.

2. Measurement Report

3. target NG-RAN acquire the old LMF ID and the positioning related information, target NG-RAN update the positioning configuration based on the positioning related information.
4. Handover Confirm
if AMF determine new LMF
if AMF does not determine new LMF, old LMF determine new LMF
6. based on TS 23.273, if AMF determine the LMF change , as defined in clause 6.4 of TS 23.273, step 4~8.
11. Namf_Communication_N1N2MessageTransfer([NRPPa PDU (NRPPa Transaction ID)], [lcs correlation ID])
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1. Deferred 5GC-MT-LR for periodic, triggered and UE available location events procedure, as defined in TS 23.273, clause 6.3.1, steps 1~21.
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15. Namf_Communication_N2InfoNotify(Positioning Information Update (NRPPa Transaction ID),[Global RAN node ID], [cell ID],[handover complete notification])
16. based on TS 23.273, if old LMF determine the LMF change , as defined in clause 6.4 of TS 23.273, step 5~7.
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1. Deferred 5GC-MT-LR for periodic, triggered and UE available location events procedure, as defined in TS 23.273, clause 6.3.1, steps 1~21.

2. Measurement Report

3. target NG-RAN acquire the old LMF ID and the positioning related information, target NG-RAN update the positioning configuration based on the positioning related information.
4. Handover Confirm
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1. Deferred 5GC-MT-LR for periodic, triggered and UE available location events procedure, as defined in TS 23.273, clause 6.3.1, steps 1~21.

2. periodical event triggered, UE sends the event report to 5GC, as defined in TS 23.273, clause 6.3.1 steps 22~30.

3. wait for the next periodical event trigger, UE may become CM-IDLE state. 

9. After retrieve the UE context information, if AMF finds 

UE has positioning related information, AMF sends the new 

AMF instance ID to LMF, e.g., via the next periodical 

N1messageNotify.

10. Event Detected

11. Event Report

12. Namf_N1MessageNotify([new AMF instance ID], [lcsCorrelationId])

13. continue the deferred 5GC-MT-LR for periodic, triggered and UE available location events procedure as defined in TS 23.273, clause 6.3.1
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1. Deferred 5GC-MT-LR for periodic, triggered and UE available location events procedure, as defined in TS 23.273, clause 6.3.1, steps 1~21.
2. periodical event triggered, UE sends the event report to 5GC, as defined in TS 23.273, clause 6.3.1 steps 22~30.
3. wait for the next periodical event trigger, UE may become CM-IDLE state.
9. After retrieve the UE context information, if AMF finds UE has positioning related information, AMF sends the new AMF instance ID to LMF, e.g., via the next periodical N1messageNotify.
10. Event Detected

11. Event Report

12. Namf_N1MessageNotify([new AMF instance ID], [lcsCorrelationId])
13. continue the deferred 5GC-MT-LR for periodic, triggered and UE available location events procedure as defined in TS 23.273, clause 6.3.1



