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Abstract of the contribution: this discussion paper is proposed to discuss the solutions to support location service continuity between EPS and 5GS.
1. Introduction
[bookmark: _Toc352077766]In SA2#155 meeting, S2-2303412 (TS 23.273, CR 0327) was approved to introduce the feature of location service continuity between EPS and 5GS into TS 23.273. But the following questions need further discussion:
1. How to support location service continuity from 5GS to EPS and from EPS to 5GS for deferred location request?
2. Whether the location service continuity procedure for LIR can be applied to all the interworking scenarios? If not, how to improve.
This discussion paper discusses the questions above, analyses candidate solutions and proposes proposals.
2. Background for Interworking between EPS and 5GS
2.1	Architecture for interworking between EPS and 5GS
The architecture for interworking between EPS and 5GS is shown in Figure 2.1-1.


Figure 2.1-1: Non-roaming architecture for interworking between 5GS and EPC/E-UTRAN
In the Figure 2.1-1, the N26 interface is an inter-CN interface between the MME and 5GS AMF in order to enable interworking between EPC and the 5GC. Support of N26 interface in the network is optional for interworking.
Proposal #1: the location service continuity between EPS and 5GS should be supported in the interworking architecture with N26 interface and the interworking architecture without N26 interface.
2.2	UE Operation Mode to Support Interworking between EPS and 5GS
In order to interwork with EPC, the UE that supports both 5GC and EPC NAS can operate in single-registration mode or dual-registration mode:
-	In single-registration mode, UE has only one active MM state (either RM state in 5GC or EMM state in EPC) and it is either in 5GC NAS mode or in EPC NAS mode (when connected to 5GC or EPC, respectively). UE maintains a single coordinated registration for 5GC and EPC. Support of single registration mode is mandatory for UE.
-	In dual-registration mode, UE handles independent registrations for 5GC and EPC using separate RRC connections. In this mode, UE maintains 5G-GUTI and EPS-GUTI independently.
The UE operation mode is selected by the UE based on the network capability, i.e. interworking with N26 interface is supported or not. For example, the negotiation between UE and AMF during registration procedure is shown in Figure 2.2-1.


Figure 2.2-1: Negotiation between UE and AMF for interworking between 5GS and EPC/E-UTRAN
Observation#1: the UE selects operation mode (i.e. single registration mode or dual-registration mode) based on, e.g. whether the N26 interface is supported or not by network and UE capability.
Observation#2: if the UE operates in dual-registration mode, the UE handles independent registration for 5GC and EPC using separate RRC connections. So the location service (including LIR and LDR) will not be impacted by UE mobility between 5GC and EPC.
Based on the observation#1 and observation#2, it is proposed that:
Proposal #2: the location service continuity between EPS and 5GS needs to be supported for the UE operates in single-registration mode.
3. Solutions for Location Service Continuity of Immediate Location Request for Interworking between EPS and 5GS
3.1	Existing Solution Analysis
The existing solution for location service continuity of immediate location request is in clause 6.19.1 in TS 23.273, based on the step 3 of the procedure, the 5GS to EPS handover described in Figure 4.11.1.2.1-1 in TS 23.502 is referenced. Because the referenced procedure only applies to the interworking architecture with N26 interface, the solution does not apply to the interworking architecture without N26 interface.
Observation#3: how to support location service continuity of immediate location request for interworking between EPS and 5GS for the interworking architecture without N26 interface needs further study.
3.2	Solution for the Interworking Architecture without N26 Interface
Based on clause 2.2, the UE may operate in dual-registration mode or in single-registration mode when N26 is not supported.
Based on the observation#2, if the UE operates in dual-registration mode, the registrations in both EPC and 5GC are maintained separately, so the immediate location request can be kept without any impacts.
If the UE operates in single-registration mode, the current interworking scenario and mechanism are shown in the Table 1. 
Table 1 Existing LIR Mechanism for UE Operates in Single-registration Mode in IWK without N26 interface scenario
	Interworking scenario
	Interworking mechanism
	Existing LIR mechanism

	IWK without N26 interface
	5GS to EPS mobility
	Based on the step 10 of the procedure in clause 4.11.2.2 in TS 23.502, the MME sends an Update Location Request to the HSS+UDM indicating that registration of an AMF at the HSS+UDM, if any, shall not be cancelled. The HSS+UDM does not send Nudm_UECM_DeregistrationNotification to the old AMF. 
The UE does not maintain registration in 5GC, upon reachability time-out, the AMF implicitly detach the UE.
	Before the reachability time-out, the LIR is already failed because of time-out of location request.

	
	EPS to 5GS mobility
	Based on the step 5 of the procedure in clause 4.11.2.3, the AMF sends an Nudm_UECM_Registration to the HSS+UDM indicating that registration of an MME at the HSS+UDM, if any, shall not be cancelled. The HSS+UDM does not send cancel location to the old MME. 
The UE does not maintain registration in EPC, upon reachability time-out, the MME implicitly detach the UE.
	Before the reachability time-out, the LIR is already failed because of time-out of location request.



Based on the existing LIR mechanisms shown in Table 1, the location service continuity is not supported for LIR for UE operates in single-registration mode in IWK without N26 interface scenario.
Observation#4: the location service continuity is not supported by the existing LIR mechanism for UE Operates in Single-registration Mode in IWK without N26 interface Scenarios.
To support the location service continuity in the case above, it is proposed that when the 5GC-GMLC or EPC-GMLC receives the CN Type change event notify, the 5GC-GMLC or EPC-GMLC tries to query the HSS+UDM for the new  MM NF address. If a new address is received, the EPC-GMLC or 5GC-GMLC  restarts the immediate location request to the MM NF.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal #3: to support location service continuity of immediate location request for UE operates in single-registration mode in the interworking between EPS and 5GS without N26 interface scenario, when the 5GC-GMLC or EPC-GMLC receives the CN Type change event notify from HSS+UDM, the 5GC-GMLC or EPC-GMLC tries to query the HSS+UDM for the new MM NF address. If a new address is received, the EPC-GMLC or 5GC-GMLC restarts the immediate location request to the MM NF.
4. Solutions for Location Service Continuity of Deferred Location Request for Interworking between EPS and 5GS
4.1	Existing Solutions Introduction
Based on the discussion during the SA2#155 meeting, there are two solutions on the table to support the location service continuity of deferred location request for interworking between EPS and 5GS, i.e. solution in S2-2303157 and solution proposed during the offline discussion. The introduction of the two solutions is shown in Table 2.
Table 2: Introduction and Questions of the Existing Solutions
	Existing Solutions
	Solution Introduction
	Questions

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Sol#1: Solution in S2-2303157
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The interworking happens after the deferred location request is successfully triggered, i.e. it happens during event detection and reporting phase.
5GC-GMLC or EPC-GMLC is notified about the HO event and the target MM NF ID by AMF or MME separately. 5GC-GMLC or EPC-GMLC is responsible to cancel the LDR in the source side and restart the LDR in the target side.
	Based on discussion during the SA2#155 meeting, the following questions were raised:
1. It is not possible for AMF or MME to notify the HO event to 5GC-GMLC or EPC-GMLC for the LDR during the event reporting phase of the LDR as the AMF or MME does not maintain context for the LDR.
2. For the Ping-Pong HO case, more signaling cost is introduced.
3. It is not clear that how to support the location service continuity for the scenario that interworking without N26 interface.

	Sol#2: Solution proposed during the offline discussion
	The interworking happens after the deferred location request is successfully triggered in the source side, i.e. it happens during event detection and reporting phase.
The LDR is always anchored in the source side, after the UE moves from source side to the target side, if the event report is detected, the UE can send the event report via the target side based on the LDR reference number and the H-GMLC address received.
	The solution has the following questions need to be solved:
1. It is not clear that how to support location service continuity for the UE operating in single-registration mode which is the mandatory operation mode and requires the UE to detach/de-register from the source side.
2. In the case of mobility from 5GS to EPS, if there is a serving LMF in 5GS for the LDR initiated in 5GS, it is not clear how to maintain the event report status stored in the serving LMF in 5GS.
3. When the LCS Client/AF requests to receive UE location along with the event report, it is not clear that how to trigger UE positioning in target side.



Based on the Table 2, there are questions related to both solutions. The further analysis of the solutions is described in clause 4.2 and clause 4.3 separately. Based on the analysis, the solution proposal for location service continuity of deferred location request for interworking between EPS and 5GS is described in clause 4.4.
4.2	Sol#1 Analysis
Because there are already several rounds of discussions on sol#1, the analysis of sol#1 are summarized as follows:
· To solve the question 1 in Table 2 related to the sol#1, the AMF and MME needs to be enhanced to maintain the context for LDR. This will lead to the following new impacts which will make the LDR procedure more complex:
· Probable need to transfer status information to a new AMF on handover and TAI change with change of AMF.
· Probable need to define when the AMF can release the resources and status information.
· Probable need to cross-check UE event reports with AMF resources and status information.
· For the case of ping-pong HO, more signaling cost will be introduced by the solution.
· To solve the question 3 in Table 2 related to the sol#1, one possible solution is that the 5GC-GMLC or EPC-GMLC subscribes the existing CN Type change event notification from UDM. If the event notification is received, the 5GC-GMLC or EPC-GMLC tries to query the HSS+UDM for the new MM NF address. If a new address is received, the EPC-GMLC or 5GC-GMLC restarts the deferred location request to the MM NF.
Based on the analysis above, it is observed that:
Observation#4: the sol#1 requires the AMF and MME to maintain the context for LDR which makes the LDR procedure more complex. To support the scenario that interworking without N26 interface, the possible enhancement to sol#1 is that 5GC-GMLC or EPC-GMLC restarts the LDR procedure when new address of MM NF is received from HSS+UDM.
4.3	Sol#2 Analysis
Compared with sol#1, the discussion on sol#2 is less than sol#1, because it was proposed for the first time during the SA2#155 meeting. In this clause, the questions related to sol#2 raised in Table 2 are analyzed and the way forwards are proposed.
4.3.1	Solution Enhancement to Support UEs Operating in Single Registration Mode
This clause analyses how to solve the following question in Table 2:Question#1: It is not clear that how to support location service continuity for the UE operating in single-registration mode which is the mandatory operation mode and requires the UE to detach/de-register from the source side.
When the UE operates in single-registration mode, the current interworking scenario and mechanism are shown in Table 3.
Table 3: Existing deferred location request procedure corresponding to different interworking scenarios
	Interworking scenario
	Interworking mechanism
	Existing deferred location request procedure

	IWK with N26 interface
	5GS to EPS handover/mobility
	Based on the 5GS to EPS handover for single registration mode with N26 interface specified in clause 4.11.1.2.1 in TS 23.502 and the 5GS to EPS idle mode mobility using N26 interface specified in clause 4.11.1.3.2 in TS 23.502, the UE initiates a Tracking Area Update procedure which includes the deregistration of the old AMF for 3GPP access from HSS+UDM. In this case, the AMF initiates the deregistration procedure.
	If the UE is explicitly detached in 5GS, the UE receives the de-registration request from AMF, based on the description in clause 6.3.2 in TS 23.273, the UE will cancel the deferred location request procedure.
If the UE is implicitly detached in 5GS, the UE will remove the context of the deferred location request locally.

	
	EPS to 5GS handover/mobility
	Based on the EPS to 5GS handover for single registration mode with N26 interface specified in clause 4.11.1.2.2 in TS 23.502 and the EPS to 5GS mobility regisrration procedure using N26 interface specified in clause 4.11.1.3.3 in TS 23.502, MME is responsible to clean up the resource in EPC for the UE at the end of the execution phase of the handover.
	The UE removes the context of the deferred location request locally after the UE handover to NG-RAN.

	IWK without N26 interface
	5GS to EPS mobility
	Based on the step 10 of the procedure in clause 4.11.2.2, the MME sends an Update Location Request to the HSS+UDM indicating that registration of an AMF at the HSS+UDM, if any, shall not be cancelled. The HSS+UDM does not send Nudm_UECM_DeregistrationNotification to the old AMF. 
The UE does not maintain registration in 5GC, upon reachability time-out, the AMF implicitly detach the UE.
	If the UE is explicitly detached in 5GS, the UE receives the de-registration request from AMF, based on the description in clause 6.3.2 in TS 23.273, the UE will cancel the deferred location request procedure.
If the UE is implicitly detached in 5GS, the UE will remove the context of the deferred location request locally.

	
	EPS to 5GS mobility
	Based on the step 5 of the procedure in clause 4.11.2.3, the AMF sends an Nudm_UECM_Registration to the HSS+UDM indicating that registration of an MME at the HSS+UDM, if any, shall not be cancelled. The HSS+UDM does not send cancel location to the old MME. The UE does not maintain registration in EPC, upon reachability time-out, the MME implicitly detach the UE.
	If the UE is explicitly detached in EPS, the UE receives the detach request from MME, based on the description in clause 9.1.19.3 in TS 23.271, the UE will cancel the deferred location request procedure.
If the UE is implicitly detached, the UE will remove the context of the deferred location request locally.



Based on Table 3, it is observed that:
Observation#5: for the UE operating in single-registration mode, if the inter system mobility happens, the on-going deferred location request will be cancelled by UE explicitly or implicitly before the UE detaches or deregisters from the source side. So after the interworking, there is no context of the deferred location request stored in the UE.
Based on observation#5, it is impossible for UE to send the event report via the target side after the inter system mobility, as the context of the LDR is already removed in the UE during the inter system mobility. To solve the issue, it is proposed that in this case, the UE keeps the context for the deferred location request and does not cancel the deferred location request. After the event reporting phase is normally terminated, the UE removes the context.
Proposal #4: for the UE operating in single-registration mode, if the inter system mobility happens, the UE keeps the context for the deferred location request and does not cancel the deferred location request. After the event reporting phase is normally terminated, the UE removes the context.
4.3.2	Solution Enhancement to Maintain the Event Report Status in Serving LMF in the case of 5GS to EPS Mobility
This clause analyses how to solve the following question in Table 4:
Question#2: In the case of mobility from 5GS to EPS, if there is a serving LMF in 5GS for the LDR initiated in 5GS, it is not clear how to maintain the event report status stored in the serving LMF in 5GS.
Table 4: Possible Solutions to Question#2
	UE operation mode
	Possible solutions

	Single-registration mode
	Sol#1: when 5GC-GMLC detects that the event report is received from EPC-GMLC but not the LMF received in step 20 in clause 6.3.1 in TS 23.273, or the 5GC-GMLC receives the CN Type change event notify from HSS+UDM and receives the event report from EPC, the 5GC-GMLC sends the event report or event report received indication to the LMF based on the LMF identification received in step 20 clause 6.3.1 in TS 23.273. The LMF uses the event report or event report received indication to update the event report status, if this is the last event report, the LMF removes the LDR context.
Sol#2: when 5GC-GMLC detects that the event report is received from EPC-GMLC but not the LMF received in step 20 in clause 6.3.1 in TS 23.273, or the 5GC-GMLC receives the CN Type change event notify from HSS+UDM and receives the event report from EPC, the 5GC-GMLC notifies the LMF to remove the context based on the LMF identification received in step 20 clause 6.3.1 in TS 23.273. The LMF removes the context of the LDR based on the notification.
Sol#3: LMF receives the CN Type change event notify from HSS+UDM, the LMF removes the context of the LDR.



The sol#1 requires the LMF to maintain the event report status for the UE moves from 5GS to EPS. The advantage of sol#1 is that when the UE moves from EPS back to 5GS and the LDR procedure (i.e. the event report phase) is still on-going, the procedure can work normally. But if the UE stays in EPS before the LDR procedure normally terminated, the signaling to maintain the event report status in LMF is a waste.
The sol#2 and sol#3 does not require the serving LMF to maintain the event report status for the UE moves from 5GS to EPS. In this case, if the UE moves from EPS back to 5GS before the LDR procedure normally terminated, when the UE sends the event report and the deferred routing identifier identifying the serving LMF to the AMF, if the AMF decides to trigger LMF relocation based on the current UE location, the relocation will fail because there is no context for the LDR.
Based on the analysis above, it is proposed to take the simplest solution, i.e. sol#3 as the way forward. To solve the possible issue of LMF relocation failure, it is proposed that the old LMF send LDR context with null information to the new LMF. In this case, the new LMF acts as the default LMF.
Proposal #5: when the UE moves from 5GS to EPS, if there is a serving LMF for the deferred location request in 5GC, the context for the LDR is removed from LMF based on the CN Type change event notify from HSS+UDM. Before the LDR procedure normally terminated, if the UE moves from EPS back to 5GS and the AMF decides to trigger the LMF relocation based on the current UE location, the LDR context with null is transferred between LMFs. In this case, the new LMF acts as the default LMF.
4.3.3	Solution Enhancement to Trigger UE Positioning Procedure when Event is Detected
This clause analyses the solution enhancements to solve the following question in Table:
Question#3: When the LCS Client/AF requests to receive UE location along with the event report, it is not clear that how to trigger UE positioning in target side.
In the case of 5GS to EPS mobility, based on the procedure in clause 9.1.19.1, the UE sends the MO-LR including the event related information to EPC which will trigger the UE positioning procedure. So the UE location always provided along with the event report. So this issue does not exist in this case.
In the case of EPS to 5GS mobility, the event report is sent from UE to 5GC. The possible solutions to trigger UE positioning in 5GS is as follows:
· Sol#1: When the UE detects the event happens, the UE initiates the MO-LR to obtain UE location if the UE location is requested. And then the UE sends the event report including UE location to 5GC.
· Sol#2: When the UE detects the event happens, the UE sends event report to 5GC. The 5GC-GMLC initiates the 5GC-MT-LR procedure to obtain UE location and sends the event report and the UE location to LCS Client/AF.
· Sol#3: When the UE detects the event happens, the UE sends event report including location needed indication to LMF. The LMF initiates the UE positioning procedure based on the indication to obtain UE location and sends the event report including the UE location to 5GC-GMLC.
The sol#1 is the similar as the solution for 5GS to EPS mobility, to reduce impacts to 5GC, it is proposed to select sol#1 as the way forward.
Proposal #6: when the UE moves from EPS to 5GS, if the UE location is required along with the event report, the UE initiates the MO-LR procedure to obtain UE location before sending the event report. And then the UE sends the event report including UE location to 5GC.
4.4	Way forward
Based on the analysis in clause 4.2 and clause 4.3, the sol#1 brings more complex to LDR and more signaling cost in ping-pong HO scenario, so it is proposed to take sol#2 as the way forward.
Proposal#3a: to support location service continuity of deferred location request in the interworking between EPS and 5GS, it is proposed to take sol#2 as the way forward with the following enhancements:
· Proposal #4: for the UE operating in single-registration mode, if the inter system mobility happens, the UE keeps the context for the deferred location request and does not cancel the deferred location request. After the event reporting phase is normally terminated, the UE removes the context.
· Proposal #5: when the UE moves from 5GS to EPS, if there is a serving LMF for the deferred location request in 5GC, the context for the LDR is removed from LMF based on the CN Type change event notify from HSS+UDM. Before the LDR procedure normally terminated, if the UE moves from EPS back to 5GS and the AMF decides to trigger the LMF relocation based on the current UE location, the LDR context with null is transferred between LMFs. In this case, the new LMF acts as the default LMF.
· Proposal #6: when the UE moves from EPS to 5GS, if the UE location is required along with the event report, the UE initiates the MO-LR procedure to obtain UE location before sending the event report. And then the UE sends the event report including UE location to 5GC.

5. Proposal
Based on analysis above, the proposals are as follows:
Proposal #1: the location service continuity between EPS and 5GS should be supported in the interworking architecture with N26 interface and the interworking architecture without N26 interface.
Proposal #2: the location service continuity between EPS and 5GS needs to be supported for the UE operates in single-registration mode.
Proposal #3: to support location service continuity of immediate location request for UE operates in single-registration mode in the interworking between EPS and 5GS without N26 interface scenario, when the 5GC-GMLC or EPC-GMLC receives the CN Type change event notify from HSS+UDM, the 5GC-GMLC or EPC-GMLC tries to query the HSS+UDM for the new MM NF address. If a new address is received, the EPC-GMLC or 5GC-GMLC restarts the immediate location request to the MM NF.
Proposal#3a: to support location service continuity of deferred location request in the interworking between EPS and 5GS, it is proposed to take sol#2 as the way forward with the following enhancements:
· Proposal #4: for the UE operating in single-registration mode, if the inter system mobility happens, the UE keeps the context for the deferred location request and does not cancel the deferred location request. After the event reporting phase is normally terminated, the UE removes the context.
· Proposal #5: when the UE moves from 5GS to EPS, if there is a serving LMF for the deferred location request in 5GC, the context for the LDR is removed from LMF based on the CN Type change event notify from HSS+UDM. Before the LDR procedure normally terminated, if the UE moves from EPS back to 5GS and the AMF decides to trigger the LMF relocation based on the current UE location, the LDR context with null is transferred between LMFs. In this case, the new LMF acts as the default LMF.
· Proposal #6: when the UE moves from EPS to 5GS, if the UE location is required along with the event report, the UE initiates the MO-LR procedure to obtain UE location before sending the event report. And then the UE sends the event report including UE location to 5GC.
[bookmark: _GoBack]
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2. Registration Accept(interworing without N26 interface not supported/interworking without N26 interface supported)
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1. Registration Request
(S1 mode supported indication)


1. If “interworking without N26 interface not supported”is received, the UE shall operate in single-registration mode.
2. if “interworking without N26 interface supported”is received, the UE may operate in dual-registration mode or in single-registration mode.



