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Abstract: Update solution#3 to cover Deferred MT-LR and LMF change procedure and other details.
1. Introduction/Discussion
1. Solution#3 proposed to let LMF trigger the secure user plane connection establishment, based on this basic principle, we further propose following ideas/options:
· A new option for UE user plane location capability indication: the UE can include the ‘User Plane Location Capability’ as part of the ‘5GMM Capability’ in the Registration Request message. The AMF stores the ‘User Plane Location Capability’ for user plane location operation, e.g., trigger the UE to establish a PDU session for positioning via user plane, selecting a LMF supporting user plane location when received a positioning request. AMF can further provide the UE user plane location capability information to LMF via Nlmf_Location_DetermineLocation Request. In this way, the latency for an initial location session can also be reduced, as a PDU session is established in advance.
· The secure user plane connection is de-coupled with location session, i.e., LMF and UE may maintain the secure user plane connection after a positioning session is finished. In this way, the latency for subsequent positioning can be further reduced. When UE moves, the secure user plane connection may need to be moved to a new LMF. Thus, AMF should be aware whether UE has a secure user plane connection and may reselect a new LMF for UE when there is no positioning session but there is a secure user plane connection. When LMF or UE releases the secure user plane connection, AMF should be notified to release related resources.
· LMF should allocate a temporary UE identifier for the user plane connection and include it in the user plane information sent to UE.
2. Deferred MT-LR and LMF change procedure are added for the user plane positioning scenario.
3. Remove the following Editor’s Note and clarify that SMF can select a UPF connecting with the selected LMF guaranteeing the IP address of LMF reachable, if a dedicated DNN is used.
Editor's note: It is for FSS how to make the IP address replied from LMF reachable over the connection.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-71.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc104475542]6.3	Solution #3: User plane location capability transfer and positioning via user plane
[bookmark: _Toc97022939][bookmark: _Toc104475543]6.3.1	Introduction
This solution addresses Key Issue #1 on Positioning via user plane transmission.
In this solution, UE ‘user plane location capability’ can be regarded as a part of 5GMM capability or as a LPP sub-capabilitycapability transmission of LPP is updated to cover 'user plane location capability' indication. If network determines to use user plane for positioning, the network should send the information (e.g. address information) of the LMF supporting user plane positioning functionality to UE to enable the user plan connection.
[bookmark: _Toc97022940][bookmark: _Toc104475544]6.3.2	Functional Description
In this solution, we assume LMF is integrated with a user plane location function , to which UE needs to establish a user plane connection if user plane positioning is to be used.
Before a UE establishes the user plane connection, it is required to send user plane location capability to the network so that the network knows that the UE supports positioning via user plane then can determine to use user plane for positioning. Thus, for the ‘user plane location capability’ awareness, UE can include its ‘user plane location capability’ as part of the ‘5GMM Capability’ in the Registration Request message (Option 1) or the existing LPP capability transfer should cover the 'user plane location capability' indication (Option 2).
During the MO or MT positioning procedure, after the network determines to use user plane positioning, the network should indicate the UE to use user plane for positioning with the address information of  LMF. With the address information, UE can establish a secure connection with the LMF, and via this secure connection, position messages can be transferred between UE and the LMF. The established user plane connection may be reused for subsequent user plane position messages transmission trigged by UE or LMF, e.g. if UE does not move to a new place, does not have new QoS requirements and uses the same positioning method via the user plane.
* * * * Second change * * * *
[bookmark: _Toc104475547]6.3.3.2	5GC-MT-LR Procedure via user plane




Figure 6.3.3.2-1: 5GC-MT-LR Procedure via user plane
0a. UE registration procedure in figure 4.2.2.2.2-1 of TS 23.502 [3]. If Option 1 for UE capability awareness is selected, UE include its ‘user plane location capability’ indication as part of the ‘5GMM Capability’ in the Registration Request.
0b. [Conditional] AMF may trigger UE to establish a PDU session for later usage based on the capability of UE, UE location, and subscription information if ‘user plane location capability’ indication is received in step 0a.
0c. [Conditional] UE establishes a PDU session for positioning if receiving the trigger in step 0b.
1~10.	Steps 1-10 of figure 6.1.2-1 in TS 23.273 [5]. For the step 10, if UE include its ‘user plane location capability’ indication as part of the ‘5GMM Capability’ in the Registration Request message (Option 1 for UE user plane location capability awareness), AMF selects a LMF supporting user plane location based on the capability information.
11.	The AMF invokes the Nlmf_Location_DetermineLocation service operation towards the LMF to request the current location of the UE, which carries the ‘user plane location capability’ information of UE if AMF received it in step 10. AMF also sends its notification URL to LMF in this message for subscription of secure user plane connection status.
12-13.	[Conditional] Steps 2-5 of clause 6.3.3.1 for capability transfer, if Option 2 for UE user plane location capability awareness is used and LMF has not obtained the capability of UE.
14.	Based on the 'user plane location capability' indication of the UE received in step 11 or step 12-13, the Positioning methods and modes the UE supports, the load of the control plane, service type, Client Type, deferred location type, required location QoS received in step 11, LMF decides whether to continue the position procedure via user plane. Steps 15-20a19 is skipped if there is already user plane connection context of the target UE in LMF.
15.	[Conditional] If LMF decides to utilize user plane and there is no established PDU session supporting secure user plane positioning for the UE, LMF sends a user plane positioning information to AMF to indicate UE to use user plane positioning. The user plane positioning information includes the FQDN or IP address of the LMF, the S-NSSAI and DNN for the PDU session used for user plane positioning, a temporary UE identifier and other security related information. LMF may send a dedicated DNN for user plane connection. Also, the LMF may require the UE to report the IP address of the PDU session used for user plane positioning. If UE supports more than one positioning methods, LMF may also indicate UE which type of positioning methods should use the user plane connection, while others may still use the control plane (e.g. user plane for sensor method and control plane for NR-based positioning method). The user plane positioning information transfer can be based on NAS signalling or enhanced LPP.
NOTE:	LMF can select different positioning methods (e.g. motion sensor-based method) for the user plane and it is based on implementation and local configuration to determine which positioning method to use on user plane.
Editor's note:	It is for FSS how to make the IP address replied from LMF reachable over the connection.
Editor's note:	The security mechanism and security information provided by LMF to UE is subject to SA WG3's work.
16.	[Conditional] When AMF receives the user plane information from LMF in step 15, AMF sends it to UE via a DL NAS TRANSPORT message.
17.	[Conditional] The UE starts to establish a secure connection with LMF. If UE finds there is no suitable existing PDU session for user plane positioning, UE should establish a PDU session with the S-NSSAI and DNN received from the positioning information. SMF should select a UPF connecting with the LMF based on S-NSSAI, DNN (maybe a dedicated DNN), and UE location information, etc.
18.	[Conditional] If the suitable PDU session exists, UE sends an acknowledgement to LMF through AMF via a UL NAS TRANSPORT message, to confirm that user plane position is chosen, and the IP address of the PDU session may also be included in the acknowledgement. If there is no suitable existing PDU session and the PDU session establishment failed in step 17, a failure indication should be included in the acknowledgement message.
19.	[Conditional] AMF sends the acknowledgement received in step 18 to the LMF via Namf_N1messageNotify service.
20a. [Conditional] UE establishes a secure user plane connection with LMF., and then 
20b. LPP message can be transferred between UE and LMF for UE based positioning, UE assisted positioning and delivery of assistance data. If the user plane secure connection has been established, LMF directly sends LPP messages to UE. The message flow of step 20a and 20b is described in clause 6.3.3.4.
21~23.	Steps 9~11 of figure 6.1.1-1 in TS 23.273 [5]. In step 21, LMF indicates AMF in the Nlmf_Location_DetermineLocation Response message that a user plane positioning method is used. AMF should store the indication information and LMF ID, which presents that there is a user plane connection between the UE and LMF.
24. UE and LMF may maintain the secure user plane connection for later message transfer via user plane. If UE or LMF release the connection, LMF should send an Nlmf_Location_EventNotify message to indicate AMF to release related resources. This step can occur at any time after step 21.

* * * * Third change * * * *
6.3.3.2a	Deferred 5GC-MT-LR Procedure via user plane


Figure 6.3.3.2a-1: Deferred 5GC-MT-LR via user plane
0. Same with step 0a-0c in figure 6.3.3.2-1 of clause 6.3.3.2.
1. Step 1-13 of Deferred MT-LR Procedure in clause 6.3.1 of TS 23.273 [5]. In step 13, AMF selects a LMF supporting user plane positioning based on UE capability if received ‘user plane location’ indication in step 0. 
2-9. Same with step 11-20 in clause 6.3.3.2.
10a-10c. Step 16-18 of Deferred MT-LR Procedure in clause 6.3.1 of TS 23.273 [5] with following differences: 
· In step 18 (step 10c in this figure), LMF indicates AMF in the Nlmf_Location_DetermineLocation Response message that a user plane positioning method is used. AMF should store the indication information, which presents that there is a user plane connection between the UE and LMF.
· For UE available location event, after step 18, LMF may still maintain the user plane connection for later usage.
10d. Step 19-21 of Deferred MT-LR Procedure in clause 6.3.1 of TS 23.273 [5] with following difference:
· After step 19, besides storing UE user plane positioning context for periodic and trigged event report, AMF should maintain the secure user plane connection status of UE if LMF does not indicate AMF to release it.
11-15. Step 16-21 of Deferred MT-LR Procedure in clause 6.3.1 of TS 23.273 [5] with following differences: 
· The Event report of step 13-14 and step 15 for UE positioning are performed via user plane.
· To reduce the event report latency, LMF and UE may maintain the user plane connection thus UE will not be in CM-IDLE state.
16-17. Step 28-31 of Deferred MT-LR Procedure in clause 6.3.1 of TS 23.273 [5]. 
[bookmark: _Toc104475661]6.3.3.2b Cancellation of Event Reporting
Cancellation of event reporting can be initiated by the UE, H-GMLC or LCS Client or AF, using the control plane procedures defined in clauses 6.3.2 and 6.3.3 in TS 23.273 [5] with following differences: 
· LMF and UE may still maintain the secure user plane for later positioning session usage after Cancellation of Event Reporting for current positioning session. If LMF decides to release the secure user plane connection, or UE has released the secure user plane connection, LMF sends the Nlmf_Location_EventNotify message to AMF to release the stored information.
* * * * Fourth change * * * *
[bookmark: _Toc104475548]6.3.3.3	5GC-MO-LR Procedure via user plane
For MO-LR procedure, the user plane location capability may be included in the MO-LR request message, in this case there is no need for LMF to require UE to report its user plane capability if Option 2 for capability awareness is selected. After receiving the Nlmf_Location_DetermineLocation message, LMF determines whether to utilize user plane for UE positioning.
Figure 6.3.3.2-2 presents the 5GC-MO-LR procedure via user plane, of which the principle is similar with 5GC-MT-LR Procedure via user plane. The difference is, in step 4, the user plane location capability can be carried by the Nlmf_Location_DetermineLocation message no matter whether Option 1 or Option 2 for UE capability awareness is selected.
If the UE has received DNNs/S-NSSAIs used for user plane positioning and established corresponding PDU sessions from previous location procedure, it may directly interact with LMF via the user plane connection for MO-LR, if the requested location service type is either location estimate of the UE or location assistance data. If the MO-LR requesting location transfer to an LCS client or AF, the UE still should send the MO-LR request through AMF, but step 5~9 in figure 6.3.3.2-2 can be skipped after LMF determined to utilize user plane.




Figure 6.3.3.32-12: 5GC-MO-LR Procedure via user plane if there is no established user plane secure connection between UE and LMF
1-4.	Similar with steps 1-4 in figure 6.2-1 of clause 6.2 of TS 23.273 [5]. The difference is that the 'user plane location capability' indication can beis carried by the Nlmf_Location_DetermineLocation message in step 4 no matter whether Option 1 or Option 2 for UE capability awareness is selected.
4b-134.	Same with steps 15-234 in clause 6.3.3.21.

* * * * Fifth change * * * *
6.3.3.5	LMF Change Procedure with user plane positioning
The LMF Change procedure supports change of a serving LMF during a deferred 5GC-MT-LR procedure for periodic, or triggered location events via user plane as described in clause 6.3.2.2.a.
When the there is no ongoing positioning sessions, AMF may also trigger the LMF re-selection to transfer the maintained secure user-plane connection to a new LMF.


Figure 6.3.3.5-1: LMF Change Procedure
1. [Conditional] At applicable Registration events, AMF may decides to reselect a new LMF as there is a MT-LR positioning session for periodic or triggered events report via user plane of UE or there is a secure user plane connection between UE and LMF.
2. [Conditional] AMF sends the Nlmf_Location_UPConnectionTransfer request to LMF1, carrying the information of the selected new LMF2.
3. [Conditional] The old LMF1 may decide to use a new LMF2 for user plane positioning.
4. The old LMF1 performs context transfer and send the request to the new LMF2 selected in step 1 or step 3.
5. After receiving the context transfer response, the old LMF1 terminates the secure user plane connection and releases related positioning resources if there is on-going positioning sessions.
6-10. Similar with step 15-20 of figure 6.3.3.2-1.

* * * * Sixth change * * * *
[bookmark: _Toc104475550]6.3.4	Impacts on services, entities, and interfaces
The solution impact the following network functions:
-	UE supports to send user plane location capability to LMF, receives user plane positioning information from LMF, support setup and release of UP connection and supports to perform positioning via user plane location connection;
-	LMF supports user plane location service and supports to transfer the user plane positioning information to UE.
-	AMF supports to trigger UE to establish a PDU session for user plane positioning based on UE capability and store the secure user plane connection status of UE.
* * * * Seventh change * * * *
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* * * * End of changes * * * *
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