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[bookmark: OLE_LINK6]Abstract of the contribution: This contribution discusses Mobility from EPC to 5GC that support slices with N26. 
1 Introduction
In S2#127 meeting, key issue#2 has been approved, which includes: 
-	Selecting an AMF based on the slices associated to the active PDN connections the UE has in the EPC.
-	Selecting an appropriate V-SMF based on the slices associated to the active PDN connections the UE has in the EPC. 
This contribution discusses how to solve this key issue.
2 Discussion
2.1 Connected mode mobility
During the connected state mobility from 4G to 5G, the MME selects a target AMF as defined TS23.501 clause 5.15.7.3. The target AMF should support all possible slice supporting interworking with EPC.  
During Rel-15 discussion, it has proposed that the selected target AMF can be relocated during registration after handover procedure. However, this alternative has been removed due to the lack of procedures to support AMF relocation in registration procedure when UE is in CM-CONNECTED state. 
In addition, according to Rel-15, when UE moves from EPS to 5GS (idle or connected mode mobility), a default V-SMF is selected. It is assumed that the default V-SMF can connect to all possible slices. According to Rel-15 procedure, the AMF already has S-NSSAI of the PDU sessions after handover completion, hence, correct V-SMF can be selected. However, in R15, this is not supported because there is no procedure to support V-SMF change.
This paper proposes enhancement on registration procedure to support AMF relocation and V-SMF change when UE is in CM-CONNECTED state, i.e. after the handover completion. So, during the registration procedure after handover completion, the AMF and V-SMF can be replaced by new AMF and new V-SMF that support the corresponding slice(s).
2.2 Idle mode mobility
2.2.1 AMF selection
In idle mobility, the UE has S-NSSAI of established PDN connections. In local breakout roaming case or non-roaming case, the UE can include the S-NSSAI of established PDN connections in RRC message. 5G AN selects correct AMF based on the S-NSSAI of established PDN connections in RRC message.
In case the PDN connection is home routed, the S-NSSAI provided by PGW-C to UE is S-NSSAI in HPLMN. In such case, the UE may not be able to derive its corresponding S-NSSAI in VPLMN. Hence UE cannot provide S-NSSAI in RRC message. A default AMF may be selected due to lack of the requested NSSAI in RRC message. To support AMF selection, the UE can send the S-NSSAI of HPLMN in NAS (i.e. Registration Request) to AMF. The AMF determines its corresponding VPLMN value of the S-NSSAI, e.g. via interaction with NSSF or local information, and select a target AMF based on the S-NSSAI (VPLMN value) of established PDN connections.
2.2.2 V-SMF selection 
For the case of CM-IDLE mode mobility, according to Rel-15, a default V-SMF is selected to align with connected state mobility. If the AMF gets the S-NSSAI information from PGW-C+SMF, the AMF will have to reselect V-SMF after the session has been established via default V-SMF. This, in our view, is quite inefficient. There is a simpler way to handle idle mode mobility:
With N26 case: 
The UE can include the S-NSSAI of corresponding PDN connection together with default EBI into registration request. The Context retrieved from MME includes default EBI. Thus, the AMF can correlate the S-NSSAI with corresponding PDN connection. 
For home routed roaming case, if the UE cannot derive the VPLMN value of S-NSSAI associated with the established PDN connection, the UE provides the S-NSSAI of HPLMN to AMF in NAS (i.e. Registration Request). The AMF determines its corresponding VPLMN value of the S-NSSAI, e.g. via interaction with NSSF or local information. After that the AMF can select V-SMF based on S-NSSAI of VPLMN.
With this solution, the AMF does not need to select default V-SMF.
Without N26 case: 
For mobility without N26 scenario, the UE needs to include VPLMN value of S-NSSAI associated to established PDN connections in PDU Session Establishment Request. However, the S-NSSAI provided to UE during PDN connection establishment is HPLMN value for home routed roaming scenario. If the UE cannot derive the VPLMN value of S-NSSAI based on HPLMN value, the UE cannot include S-NSSAI in PDU Session Establishment Request.
It is proposed that the UE includes HPLMN value of S-NSSAI(s) associated to the PDU Session ID of each established PDN connection(s) in registration request. The AMF determines its corresponding VPLMN value of the S-NSSAI, e.g. via interaction with NSSF or local information. In Registration Accept message, the AMF includes the VPLMN value of the S-NSSAI(s) associated to PDU Session ID of each established PDU Session(s) in the message. Hence, UE knows VPLMN value of S-NSSAI associated to each established PDU Session.
3 Proposal
It is proposed to add the following text into TR 23.740.
-	Selecting an AMF based on the slices associated to the active PDN connections the UE has in the EPC
-	Selecting an appropriate V-SMF based on the slices associated to the active PDN connections the UE has in the EPC 

/*************************** Start of the first change ************************/
[bookmark: _Toc509873779][bookmark: _Toc510592782]6. X	Solution #X: Inter RAT mobility Slice support
[bookmark: _Toc509873780][bookmark: _Toc510592783]6. X.1	Introduction
The solution solves the key issue #2, especially on the below item:
-	Selecting an AMF based on the slices associated to the active PDN connections the UE has in the EPC
-	Selecting an appropriate V-SMF based on the slices associated to the active PDN connections the UE has in the EPC 
[bookmark: _Toc509873781][bookmark: _Toc510592784]6. X.2	Functional description
AMF/V-SMF selection during CONNECTED state mobility
An interim AMF is selected by MME during handover phase as in Rel-15. The interim AMF/SMF can connect to all possible slices that support interworking with EPS. After handover is completed, the UE initiates the registration procedure. The interim AMF selects the final AMF based on S-NSSAI of established PDN connections. And the AMF is relocated during the registration procedure if it is needed.
The interim AMF gets the S-NSSAI of serving PLMN of established PDN connection either from PGW-C during handover procedure(LBO or non Roaming case), or from UE in registration request(HR case). For home routed roaming case, if the AMF is not provided with S-NSSAI of VPLMN by the UE, based on received S-NSSAI of HPLMN from PGW-C+SMF, the AMF determines the S-NSSAI of VPLMN itself via local mapping information exist or NSSF.
The registration procedure needs to be enhanced to support AMF relocation as well as V-SMF change in CM-CONNECTED state.
AMF selection during IDLE state mobility
In idle mobility, the UE has S-NSSAI and the associated PLMN of established PDN connections sent by the PGW-C+SMF. In local breakout roaming case or non-roaming case, i.e. the associated PLMN is the serving PLMN, the UE can include the S-NSSAI of established PDN connections in RRC message. 5G AN selects correct AMF based on the S-NSSAI of established PDN connections in RRC message.
In case the PDN connection is home routed, i.e. the associated PLMN is the home PLMN, the S-NSSAI provided by PGW-C to UE is S-NSSAI in HPLMN. In this case, UE sends the S-NSSAI in HPLMN to AMF in NAS. The AMF determine the corresponding S-NSSAI in VPLMN, e.g. via local provision mapping information or query from NSSF, and select a final AMF, which may be different from the one selected by 5G AN, based on the S-NSSAI (in VPLMN) of established PDN connections.
V-SMF selection during IDLE state mobility
With N26 case: 
The UE includes the S-NSSAI of corresponding PDN connection together with default EBI into registration request. The Context retrieved from MME includes default EBI. Thus, the AMF can correlate the S-NSSAI with corresponding PDN connection. 
For home routed roaming case, the UE provides the S-NSSAI of HPLMN to AMF in NAS and the AMF determines the S-NSSAI of VPLMN, e.g. via local provision information or NSSF.
The AMF selects the V-SMF(s) based on the S-NSSAI(s) of the VPLMN associated with the established PDN connection(s).
Without N26 case: 
The UE includes HPLMN value of S-NSSAI(s) associated to the PDU Session ID of each established PDN connection(s) in registration request. The AMF determines its corresponding VPLMN value of the S-NSSAI, e.g. via NSSF or local provision information. In Registration Accept message, the AMF includes the VPLMN value of the S-NSSAI(s) associated to PDU Session ID of each established PDU Session(s) in the message. Hence, UE knows VPLMN value of S-NSSAI associated to each established PDU Session, and can include S-NSSAI in PDU Session Establishment Request. The AMF selects V-SMF based on S-NSSAI received in PDU Session Establishment Request

[bookmark: _Toc509873782][bookmark: _Toc510592785]6. X.3	Procedures
6.x.3.1 Registration with AMF and V-SMF change during CONNECTED state mobility


Figure 6.x.3.1-1 AMF/V-SMF relocation during registration procedure when UE is in CM-CONNECTED state
1. 	UE sends Registration request to the interim AMF. The UE includes HPLMN value of S-NSSAI(s) associated with established PDN connection(s) and its corresponding default EBI in Registration request. This is for the case that the UE get the S-NSSAI from the HPLMN and not able to map it to the S-NSSAI of VPLMN.  
3. 	A final AMF is selected by interim AMF based on subscribed S-NSSAI(s), S-NSSAI(s) associated with established PDN connection(s) which can be the S-NSSAI of HPLMN, and UE requested NSSAI. The interim AMF may query NSSF or based on the local provision mapping information for Allowed S-NSSAI determination. If the interim AMF is not provided with VPLMN value of S-NSSAI(s) associated with established PDN connection(s) by the UE, the interim AMF provides the HPLMN value of S-NSSAI(s) associated with established PDN connection(s) to NSSF, and NSSF will provide its corresponding VPLMN value to the interim AMF in response. 
4. 	The interim AMF forwards the registration request to final AMF as in step 7a of figure 4.2.2.2.3-1 in clause 4.2.2.2.3 of TS 23.502 [3], with the following enhancement:
An indication is included in the message to indicate that the registration is in CM-CONNECTED state, so that the final AMF will not retrieve UE context based on mapped GUTI in the registration request.
5. 	TS23.502 Step 4 ~ 16 of figure 4.2.2.2.2-1 or step 8~16 of figure 4.2.2.2.2-1, excluding step 10, are performed.
6. 	The final AMF selects the final V-SMF(s) based on VPLMN value of S-NSSAI(s) associated with the established PDN connection(s).
7.	For each established PDU Session, the final AMF determine the related final V-SMF based on the VPLMN value of S-NSSAI. If the selected final V-SMF is different from the interim V-SMF, the final AMF invokes Nsmf_PDUSession_CreateSMContext to the selected final V-SMF, including the interim V-SMF ID in the message.
8. 	The final V-SMF retrieves SM context from interim V-SMF based on V-SMF ID received from AMF. 
10~16. Handover the PDU session user plane path to the final V-UPF. After step 12, the uplink path has been switched, and after step 15, the downlink path has been switched. The PGW-U+UPF sends end marker via interim V-SMF after step 15.
21. The final AMF notifies the interim AMF by invoking Namf_Communication_RegistrationCompleteNotify after the sessions have been switched to final V-SMF/V-UPF. The interim AMF can release session in interim V-SMF and V-UPF.

6.x.3.2 Registration with AMF and V-SMF change during IDLE state mobility
See the related description at 6.X.2.
[bookmark: _Toc509873783][bookmark: _Toc510592786]6. X.4	Impacts on existing entities and interfaces
AMF/V-SMF selection during CONNECTED state mobility
AMF: 
· During the connected state and registration procedure is ongoing, AMF is enhanced to support the AMF reallocation. 
· For each PDU Session, at the Registration Accept message, the associated S-NSSAI of VPLMN is returned to UE.
AMF/V-SMF selection during IDLE state mobility
UE: 
· Include the default EBI and S-NSSAI, which can be the HPLMN value, in the Registration Request message.
AMF: 
· For each PDU Session, at the Registration Accept message, the associated S-NSSAI of VPLMN is returned to UE.
[bookmark: _Toc509873784][bookmark: _Toc510592787][bookmark: _Hlk500857602]6. X.5	Evaluation
Editor's Note: This clause provides an evaluation of the solution.
******************************* End of Changes *********************************
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