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Abstract of the contribution: This contribution shows how commercial location may be supported by 5GC in a later release.
1. Introduction

Possible procedures for support of commercial location services using MR-LR, MO-LR and periodic and triggered MT-LR are described here based on the SBI architecture proposed in [Ref 4] and the LMF solution proposed in [Ref 5] in which the LMF becomes the focal point for 5GC location support. The procedures here are not being proposed for Release 15 but could be added to TS 23.502 in a later release. The procedures are described now, however, in order to show various benefits of the LMF solution as discussed in [Ref 5]. 
2. 5GC-MT-LR Procedure

Figure 1 shows a 5GC Mobile Terminated Location Request (5GC-MT-LR) procedure for a roaming UE. A 5GC-MT-LR procedure for a non-roaming UE would comprise a subset of the procedure shown in Figure 1. With this procedure:
· Privacy requirements can be configured in the HGMLC or transferred from the UDM to the HGMLC and are not needed in the AMF

· AMF support is limited to functions of the type already defined for other NFs, e.g. transferring positioning messages between LMF and NG-RAN, providing the LMF with UE status information, and connectivity access to the UE and NG-RAN
· Selection of the LMF by the VGMLC can use (at least) four different methods, providing deployment flexibility
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Figure 1 – 5GC Mobile Terminated Location Request (5GC-MT-LR) for a roaming UE

Step 1. An external client sends a location request to an HGMLC in the HPLMN for the target UE. The HGMLC may verify UE privacy requirements.

Step 2. The HGMLC invokes the Nudm_LCSRouting_Request service operation to query the UDM for routing information for the target UE.
NOTE:
The Nudm_LCSRouting_Request would be a new service operation providing equivalent capability to the Send Routing Information for LCS procedure in TS 29.173 [Ref 6] 

Step 3. The UDM returns the serving AMF address and possibly a VGMLC address and/or an LMF address in the VPLMN. The UDM may also return subscribed privacy requirements for the target UE – e.g. if not stored in the HGMLC.
Step 4. If a VGMLC address was not returned in step 3, the HGMLC may use the NRF service in the HPLMN to select an available VGMLC in the VPLMN, based on the already known VPLMN address contained in the AMF address received in step 3. The HGMLC forwards the location request to the VGMLC (e.g. using the OMA RLP protocol [Ref 3]) and includes the AMF address, the target UE identity (e.g. SUPI), any LMF address received in step 3 and any privacy requirements for the UE.

Step 5. The VGMLC determines an LMF in the VPLMN and invokes the Nlmf_ProvideLocation_Request service operation to forward the location request to the LMF. If the VGMLC and LMF functions are combined, this step may be omitted. 

NOTE 1:
The VGMLC may determine an LMF in the following alternative ways:

1. If VGMLCs, LMFs and AMFs are fully interconnected (e.g. via an operator IP intranet), a VGMLC may determine an LMF based on any suitable criteria (e.g. location QoS, type of external client, VGMLC ID) and independently of the AMF identity. As one example, a VGMLC could be configured with all LMFs in the VPLMN and could select LMFs on a round robin basis.

2. If an AMF is allowed to use some but not all LMFs in the VPLMN, a VGMLC could be configured with the allowed LMFs for each AMF – and could then select an LMF based on specific criteria (e.g. QoS) or randomly.
3. A VGMLC may use the NRF service in the VPLMN to request a set of available LMFs in the VPLMN and may then select one LMF as in (1).
4. When a UE registers with the 5GC, the serving AMF could select an LMF and provide the LMF identity to the UDM along with the AMF identity. The UDM can then provide the LMF address in step 3 to the HGMLC which would provide the address to the VGMLC in step 4. This alternative might be supported only for UEs from certain PLMNs and/or UEs with a subscription to 5GC-MT-LR usage.
Step 6. As an optional optimization, instead of performing steps 4 and 5, if the HGMLC can determine or select the LMF (e.g. based on the VPLMN identity, AMF address, using the NRF service or by receiving an LMF address from the UDM in step 3), the HMLC may invoke the Nlmf_ProvideLocation_Request service operation to forward the location request directly to the LMF.
NOTE 2:
When this optimization is used, the HGMLC needs to support the Nlmf SBI. Therefore, if the HPLMN operator wishes to avoid support of the Nlmf SBI by combining GMLCs with LMFs, steps 4 and 5 should be used rather than step 6.
Step 7. The LMF invokes the Namf_MT_EnableUEReachability_Request service operation towards the serving AMF to verify UE reachability. 
NOTE 3:
If the serving AMF is no longer available, the LMF uses the NRF service in the VPLMN to select another AMF from the same AMF set as the previous serving AMF.
Step 8. If the UE is currently idle but reachable, the AMF performs a network triggered service request in order to place the UE in connected state.

Step 9. The AMF invokes the Namf_MT_EnableUEReachability_Response service operation towards the LMF to confirm UE reachability. 

The LMF may verify UE privacy requirements, based on any privacy requirements received from the HGMLC in steps 4-6, via a supplementary services interaction with the UE (not shown in Figure 1). The supplementary services interaction can be supported in the same manner as UE positioning interaction for step 11 (e.g. using the same NAS transport messages to transfer supplementary services messages such as a Location Notification Request (LMF to UE) and Location Notification Response (UE to LMF) as defined in TS 24.080 [Ref 7]).
The LMF may also request UE status information (e.g. a serving cell ID) from the serving AMF using the Namf_UEStatus service operation (not shown in Figure 1). 

NOTE 4:
The Namf_UEStatus service operation would be used by the LMF and possibly other NFs to obtain information for a UE from a serving AMF such as a current or last known serving cell ID and a reachability status. This service operation is not needed in Release 15 (e.g. could be added in Release 16).

Step 10. The LMF may query the NG-RAN for location information for the target UE using the Network Assisted Positioning Procedure proposed for TS 23.502 in [Ref 8].
Step 11. The LMF may query the target UE for location information for the UE using the UE Assisted and UE Based Positioning Procedure proposed for TS 23.502 in [Ref 8].

In the event of an inter-AMF handover for the UE while positioning is in progress, the old AMF can return an error indication to the LMF (and possibly include the address of the new AMF) when the LMF attempts to send a positioning protocol message to the UE or to the NG RAN. In addition, if the LMF subscribes to event notification for inter-AMF handover from the old AMF using the AMF event exposure service operation, the old AMF can notify the LMF when handover occurs. Provided the LMF is able to access the new AMF, the LMF can resume steps 10 and 11 (or steps 7-11) with the new AMF. For positioning in the UE or NG-RAN that is already in progress when handover occurs, positioning protocol messages (e.g. LPP or NPPa messages) can be returned by the UE or NG RAN to the LMF via the new AMF, since the messages would include a routing identifier indicating the LMF. This will enable a positioning session (e.g. a positioning session between the UE and LMF) to continue following an inter-AMF handover.

Step 12. The LMF determines (e.g. calculates) a location estimate for the UE based on information obtained in steps 9-11.

Steps 13-16: The LMF returns the location estimate to the external client via the VGMLC and/or HGMLC. 
3. 5GC-MO-LR Procedure
Figure 2 summarizes a 5GC Mobile Originated Location Request (5GC-MO-LR) procedure for a roaming UE. A 5GC-MO-LR procedure for a non-roaming UE would comprise a subset of the procedure shown in Figure 2. With this procedure:

· The LMF and VGMLC can be combined to avoid support of the Nlmf SBI in the VPLMN

· Subscription to MO-LR support is assumed to be provided to the AMF by the UDM and would be provided to the LMF when the LMF requests the UE status from the AMF. As an alternative, the LMF could query the UDM.
· The LMF is selected by the AMF.

[image: image2.emf]UE

NG-

RAN

AMF

LMF VGMLC HGMLC UDM

External 

Client

3. Namf_Communication_N1MessageNotify(MO-LR Request)

1. UE Triggered Service Request

8. Determine UE 

Location

9. Nlmf_LocationEvent_Notify

10. MO-LR Location Information

11. Nlmf_LocationEvent_Notify

12. Location Information

2. NAS Transport (MO-LR Request)

13. MO-LR Response

5. Namf_UEStatus_Response

4. Namf_UEStatus_Request

6.Network Assisted Positioning Procedure

7. UE Assisted and UE Based Positioning Procedure


Figure 2 – 5GC Mobile Originated Location Request (5GC-MO-LR) for a roaming UE

Step 1. The UE performs a service request if in idle state.

Step 2. The UE sends an MO-LR request to the serving AMF indicating a request for a location estimate, location assistance data or sending of a location estimate to an external client via transfer to third party (TTTP). For TTTP, the UE identifies the external client and possibly the HGMLC. The MO-LR is sent inside a NAS transport message in the same way as a positioning protocol (e.g. LPP) message for step 7. The UE may include a default routing identifier in the NAS transport message indicating that the AMF may select any LMF in the VPLMN.
Step 3. The AMF selects an LMF in the VPLMN (e.g. using the NRF service in the VPLMN and based on receiving a default routing identifier in step 2) and invokes the Namf_Communication_N1MessageNotify service operation towards this LMF to transfer the MO-LR request. The AMF includes a SUPI for the UE.

Step 4. The LMF invokes the Namf_UEStatus_Request service operation towards the AMF to request UE status and subscription information. The service operation includes the SUPI for the UE received in step 3.
Step 5. The AMF returns the current cell ID for the UE and UE subscription information to the LMF. The LMF verifies UE subscription to an MO-LR.
Step 6. The LMF may query the NG-RAN for location information for the UE using the Network Assisted Positioning Procedure proposed for TS 23.502 in [Ref 1].
Step 7. The LMF may query the UE for location information for the UE or may transfer assistance data to the UE using the UE Assisted and UE Based Positioning Procedure proposed for TS 23.502 in [Ref 8], according to the MO-LR request.
Step 8. If a location was requested in step 2, the LMF determines (e.g. calculates) a location estimate for the UE based on information obtained in steps 5, 6 and/or 7.

Step 9. If TTTP was not requested in step 2, steps 9-12 are skipped. Otherwise (TTTP requested in step 2), the LMF selects a VGMLC in the VPLMN and invokes the Nlmf_LocationEvent_Notify service operation towards the VGMLC. The service operation includes the location obtained in step 8, the SUPI for the UE, the eternal client ID and any HGMLC address provided in step 2. This step can be omitted if the LMF and VGMLC functions are combined in the same entity.

Step 10. The VGMLC forwards the location, the UE identity and external client identity to the HGMLC (e.g. using OMA RLP [Ref 3]). The VGMLC may determine the HGMLC address if not provided in step 9 from the HPLMN identity inferred from the SUPI.

Step 11. As an optional optimization, if the HGMLC address is provided by the UE in step 2 or can be determined by the LMF (e.g. based on the HPLMN identity as inferred from the UE identity), the LMF may invoke the Nlmf_LocationEvent_Notify service operation towards the HGMLC. The service operation includes the location obtained in step 8, the SUPI for the UE and the eternal client ID provided in step 2. When step 11 occurs, steps 9 and 10 are omitted.
Step 12. The HGMLC provides the UE location and a UE identity to the external client. 
Step 13. The LMF returns an MO-LR response to the UE via the AMF confirming completion of the MO-LR request in step 2 and including any location determined in step 8. Transfer of the MO-LR response uses the same transport mechanism as used in step 7 to transfer a positioning protocol (e.g. LPP) message to the UE. 
4. Periodic and Triggered 5GC-MT-LR Procedure
Figure 3 summarizes a 5GC-MT-LR procedure for a roaming UE to support periodic and triggered location in a manner equivalent to that supported by the Deferred EPC-MT-LR procedure for Periodic and Triggered Location defined for EPC in TS 23.271 [Ref 2]. A corresponding procedure for a non-roaming UE would comprise a subset of the procedure shown in Figure 3. With this procedure:
· The LMF and VGMLC can be combined to avoid support of the Nlmf SBI in the VPLMN

· Privacy requirements can be configured in the HGMLC or transferred from the UDM to the HGMLC and are not needed in the AMF

· AMF support is limited to transferring positioning messages between the LMF and NG-RAN and providing the LMF with UE status information and connectivity access to the UE and NG-RAN
· Selection of the LMF by the VGMLC can use (at least) four different methods
· The same LMF can be used for each successive periodic or triggered location fix thereby avoiding overhead to assign and release the LMF for each location and enabling use of information obtained by the LMF for previous location fixes
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Figure 3 – Periodic and Triggered 5GC-MT-LR for a roaming UE 

Step 1. An external client sends a location request for periodic and triggered location for a target UE to an HGMLC in the HPLMN for the UE. The location request provides the type of location reporting being requested and associated parameters. For periodic location, the request includes the time interval between successive location reports and the total number of reports. For area event reporting, the request includes details of the target area, whether the trigger event to be reported is the UE being inside, entering into or leaving the target area, and whether event reporting shall include UE location estimates. For motion event reporting, the request includes a threshold linear distance for triggering a location report and whether event reporting shall include UE location estimates. The HGMLC may verify UE privacy requirements.

Step 2. The HGMLC queries the UDM for the serving AMF addressm UE privacy requirements and possibly a VGMLC address and/or an LMF address in the VPLMN as described for steps 2-3 in Figure 1.

Steps 3-5.
The HGMLC forwards the location request to the LMF via a VGMLC or directly as described for steps 4-6 of Figure 1. The HGMLC includes in the location request the AMF address, the UE identity (e.g. SUPI), the type of location reporting being requested and associated parameters, a reference number to be used to identify later responses, and any privacy requirements for the UE. For area event reporting, the HGMLC, VGMLC or LMF may convert the target area into an equivalent set of cells or TAs in the VPLMN. 

Steps 6-9.
If the LMF supports periodic and triggered location, the LMF returns an acknowledgment to the external client, via the VGMLC and/or HGMLC, indicating that the request for periodic or triggered location was accepted. 

Steps 10-12
The LMF verifies UE reachability and that the UE is in connected state as described for steps 7-9 of Figure 1. If the UE is not reachable (e.g. is in eDRX or PSM), the LMF would invoke the Namf_EventExposure_Subscribe service operation (not shown in Figure 3) towards the AMF in order to be informed later by the AMF (using an Namf_EventExposure_Notify service operation) when the UE again becomes reachable. At that point and if the UE may not yet be in connected state, the LMF may again perform steps 10-12.
Once the UE is reachable, the LMF may verify UE privacy requirements, based on UE privacy requirements received from the HGMLC in steps 3-5, via a supplementary services interaction with the UE conveyed via the AMF (not shown in Figure 3).

Step 13. The LMF sends an LCS Periodic-Triggered Event Invoke to the UE via the AMF carrying the location request information received from the VGMLC or HGMLC, the reference number assigned by the HGMLC and the HGMLC address. Transport of the LCS Periodic-Triggered Event Invoke to the UE would use the same NAS transport message used to support transfer of a positioning protocol (e.g. LPP) message to the UE as described for the UE Assisted and UE Based Positioning Procedure in [Ref 8] and would include a routing identifier for the LMF. The LMF can indicate in the LCS Periodic-Triggered Event Invoke whether later trigger event reports (in step 21) are to be sent to the same LMF via use of this routing identifier.
Step 14. If the request in step 13 can be supported, the UE returns an acknowledgment to the LMF via the AMF.

Steps 15-18.
The LMF sends a confirmation to the external client via the VGMLC and/or HGMLC that event reporting for periodic or triggered location was activated in the UE. The VGMLC (if used) and optionally the LMF can then release state information for the periodic and triggered 5GC-MT-LR request. If the LMF indicates in step 13 that the same LMF must be used for later trigger event reports (in step 21), the LMF would retain state information for the UE.
Step 19. The UE monitors for occurrence of the trigger event requested in step 13 (e.g. a periodic trigger event, an area trigger event or a motion trigger event). When a trigger event is detected, the UE proceeds to step 20.

Step 20. The UE performs a service request if in idle state.

Step 21. The UE sends an MO-LR request to an LMF via the current serving AMF indicating an event report for a periodic and triggered location request. The MO-LR request includes the type of trigger event being reported, the HGMLC address and the reference number. The request may also include a location estimate if reporting of a location estimate is required. If requested in step 13, the UE may ensure the MO-LR request is routed by the serving AMF to the same LMF that initiated the periodic and triggered location request by including the routing identifier received in step 13 with the MO-LR request. Otherwise, the UE can include a default routing identifier to indicate that the AMF may select any LMF in the VPLMN. 

Step 22. If a location estimate was not included in step 21 and if reporting of location estimates was requested at strep 4 or step 5, the LMF performs steps 10-12 of Figure 1 to obtain a location estimate for the UE.

Step 23. The LMF returns an MO-LR return result to the UE via the serving AMF to confirm that an event report will be sent to the external client.

Step 24. The LMF selects a VGMLC (which may be different to the VGMLC for steps 3-7) and invokes an Nlmf_LocationEvent_Notify service operation towards the VGMLC with an indication of the type of event being reported, the reference number, the H-GMLC address and a location estimate if this was requested and obtained at step 21. This step may be omitted if the LMF and VGMLC are combined.

Step 25. The VGMLC forwards the information received in step 24 to the HGMLC.

Step 26. As an optional optimization, steps 24 and 25 are omitted and the LMF instead sends the information in step 24 directly to the HGLMC.

Step 27. The HGMLC uses the reference number received in step 25 or step 26 to identify the periodic and triggered location request received in step 1 and then sends the location estimate and type of trigger event being reported to the external client.
Step 28. The UE continues to monitor for further trigger events and instigates steps 20-27 each time a trigger event is detected. 

5. Optimized Periodic and Triggered 5GC-MT-LR Procedure
Figure 4 summarizes an optimized 5GC-MT-LR procedure for a roaming UE to support periodic and triggered location in a manner equivalent to that supported by the Deferred EPC-MT-LR procedure for Periodic and Triggered Location defined for EPC in TS 23.271 [Ref 2]. A corresponding optimized procedure for a non-roaming UE would comprise a subset of the procedure shown in Figure 4. With this procedure:

· The LMF and VGMLC can be combined to avoid support of the Nlmf SBI in the VPLMN

· Privacy requirements can be configured in the HGMLC or transferred from the UDM to the HGMLC and are not needed in the AMF

· AMF support is limited to transferring positioning messages between LMF and NG-RAN and providing the LMF with UE status information and connectivity access to the UE and NG-RAN
· Selection of the LMF by the VGMLC can use (at least) four different methods
· The same LMF is used for each successive periodic or triggered location fix thereby avoiding overhead to assign and release the LMF for each location and enabling use of information obtained by the LMF for previous location fixes

· Support of the supplementary services MO-LR request and response is not needed by the UE or LMF

· For the most efficient operation, LPP would be enhanced with periodic and triggered location requirements or, to reduce changes to LPP, a new EPDU might be defined to carry these.
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Figure 4 – Optimized Periodic and Triggered 5GC-MT-LR for a roaming UE

Steps 1-12.
Steps 1 to 12 of Figure 3 are performed.

Step 13. The LMF determines whether to use trigger event detection by the LMF or by the UE – e.g. based on the type of periodic or triggered location being requested, the LMF capabilities, the UE capabilities (if known) and whether the UE employs power saving mode and is currently reachable. For trigger event detection by the LMF, steps 18-19 are performed and steps 20-23 are omitted. For trigger event detection by the UE, steps 20-23 are performed and steps 18-19 are omitted. In some implementations, an LMF may use both types of trigger detection – e.g. by alternating between one type and the other or by using both types in parallel.

Steps 14-17. For trigger event detection by the LMF and optionally for trigger event detection by the UE, steps 15-18 of Figure 3 are performed after step 13. For trigger event detection by the UE, steps 14-17 may be performed after step 21 and/or after the LMF obtains the UE positioning capabilities using a DL positioning protocol such as LPP or NPP (not shown in Figure 4) and verifies the UE capability to support periodic or triggered location using a downlink positioning protocol.

Step 18. For trigger detection by the LMF, the LMF may monitor the status and/or location of the UE by periodically querying the AMF for new UE status information and/or subscribing to event reporting from the AMF such as for a change of cell ID or TAI. When periodic location of the UE was requested in step 1, step 18 may not be needed.

Step 19. The LMF uses the information in step 18 or other information (e.g. the current time) to detect when a trigger event has occurred. When a trigger event is detected the LMF proceeds to step 24.

Step 20. For trigger event detection by the UE, the LMF maps the service request received in step 4 or step 5 into a corresponding request for periodic or triggered location supported by the DL positioning protocol (e.g. LPP or NPP).

Step 21. The LMF sends a DL positioning protocol (e.g. LPP or NPP) message to the UE via the AMF, as described for the UE Assisted and UE Based Positioning Procedure in [Ref 8], requesting periodic or triggered location reporting by the UE as determined by the LMF in step 20. The LMF indicates in the DL positioning protocol message the type of location measurements or location estimate to be provided by the UE for location reporting in step 23.

Step 22. The UE monitors for occurrence of the trigger event requested in step 21. The monitoring may occur while the UE is in idle state and/or while the UE is unreachable from the network (e.g. with eDRX or PSM). The UE may also (e.g. periodically) request assistance data from the LMF to help determine a location, if needed to detect a trigger event. When a trigger event is detected, the UE proceeds to step 23.

Step 23.  The UE performs a service request if in idle state and returns a positioning protocol (e.g. LPP or NPP) message to the LMF via the AMF, as described for the UE Assisted and UE Based Positioning Procedure in [Ref 8]. The positioning protocol message may include location measurements or a location estimate (e.g. as requested in step 21). The UE can ensure the positioning protocol message is sent by the AMF to the same LMF which instigated the periodic and triggered location request in step 21 by including a routing ID in a NAS transport message used to send the positioning protocol message to the AMF which indicates the LMF.
Step 24. If inclusion of a location estimate in event reports was requested in step 4 or step 5, the LMF determines a location estimate for the UE based on any location measurements or location estimate received in step 23 in the case of UE trigger event detection or based on UE status or location information obtained in step 18 in the case of LMF trigger event detection. If necessary (e.g. to obtain a more accurate location estimate), the LMF may perform step 10 and/or step 11 of Figure 1 to help determine the location estimate.

Steps 25-28.
The LMF instigates steps 24-27 in Figure 3 to return an indication of the trigger event to the external client and a location estimate if this was requested.

Step 29. For trigger event detection by the LMF, the LMF continues to monitor for further trigger events as in step 18 and instigates steps 24-28 each time a trigger event is detected.
Step 30. For trigger event detection by the UE, the UE continues to monitor for further trigger events as in step 22 and instigates steps 23-28 each time a trigger event is detected. 
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