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1. Introduction
In CT1#126e, C1-206086 has been discussed for the issue of 5GCN-EPC interworking over SM with N26 due to N1/S1 mode capability disabling/re-enabling.
This paper analyses the scenario and proposes solutions for both N1 disabling/re-enabling and S1 disabling/re-enabling.

The main issue is on whether the combo-node (PGW-C+SMF) should be selected.

2. Scenario description
2.1 UE disables N1 mode capability while UE is in 5GS, idle mode
(1) The UE is registered in 5GS, and UE has indicated the capability for both N1 mode and S1 mode.
(2) The UE’s N1 mode capability is disabled in idle mode due to some reasons (e.g., UE's usage setting, abnormal cases specified in TS 24.501).
(3) The UE moves to EPS of the current PLMN and the UE initiates an EPS attach or TAU procedure as specified in; 
TS 24.501, 5.1.4.2: 

At inter-system change from N1 mode to S1 mode when there is no active PDU session for which interworking with EPS is supported as specified in subclause 6.1.4.1, and EMM-REGISTERED without PDN connection is not supported by the UE or the MME, the UE shall enter state 5GMM-DEREGISTERED for 3GPP access and state EMM-DEREGISTERED and then initiate the EPS attach procedure.

(…)
At inter-system change from N1 mode to S1 mode when there is at least one active PDU session for which interworking with EPS is supported as specified in subclause 6.1.4.1, the UE shall enter substates EMM-REGISTERED.NORMAL-SERVICE and 5GMM-REGISTERED.NO-CELL-AVAILABLE for 3GPP access and initiate a tracking area updating procedure (see 3GPP TS 24.301 [15]).
(4) In the ATTACH REQUEST or TAU REQUEST:

a) The UE indicates "N1 mode is not supported" as it is disabled.
b) The UE uses mapped GUTI for ATTACH or TAU (also the UE uses GUMMEI for RRC signaling for selecting proper MME).
(5) During TAU procedure, 
a) The MME sends Context Request to the old AMF (identified by the GUTI) with including TAU request message. 
b) The AMF determines for a PDU session to retrieve context including mapped UE EPS connection from the combo node.

c) The AMF triggers Nsmf_PDUSession_ContextRequest service operation to the combo node.
d) The combo node returns mapped EPS bearer context which includes the combo node control plane tunnel information (i.e., PGW-C tunnel information of the PDN connection corresponding to the PDU Session), EBI for each EPS bearer, PGW-U tunnel information, etc.

e) The AMF responds to the MME with carrying mapped MM context, SM EPS UE Context.

f) The MME proceeds the rest of procedure for Sesstion Management based on the received SM EPS UE Context. 

Observation 1-1: As the MME selects the combo node successfully, the PDU session is transferred into a PDN connection successfully.
(6) During Attach procedure, 
a) The UE sends ATTACH REQUEST message with PDN CONNECTIVITY REQUEST message.
b) The MME sends Identification Request to the old AMF (identified by the GUTI) with including ATTACH REQUEST message.
c) The AMF verifies the ATTACH REQUEST message and responds to the MME with UE's MM context. 

i. In the MM context, the UE Network Capability is included: The UE supports both N1 and S1 capability.
d) The MME determines APN and selects the combo node (identified by the APN), then proceeds with PDN Connectivity Request procedure.
e) The combo node determines the UE does not support 5G NAS if the UE does not include PDU Session ID in ePCO (as specified in section 4.11.0a.5 of TS 23.502)
Issue: Even if the MME knows the UE is capable of both N1 and S1 modes based on the received MM context from the old AMF and the MME selects the combo node based on the APN, the combo node does not know the UE supports 5G NAS.

· Proposal: When the UE wants to establish the PDN connection, even if the UE has disabled N1 mode capability, the UE sends PDU Session ID in ePCO in the PDN CONNECTIVITY REQUEST message.
(7) After the UE re-enables N1 mode capability, the UE performs TAU and later on moves to 5GS. Since there is the mapped context for the PDN connection, the PDN connection should be successfully transferred to the 5GS.

Conclusion: If the UE provides PDU Session ID in ePCO when it disables N1 mode capability and performs Attach in EPS, the service continuity is supported if the UE re-enables N1 mode capability.

2.2 UE disables S1 mode capability while UE is in EPS, idle mode
(1) The UE is registered in EPS, and UE has indicated the capability for both N1 mode and S1 mode.
(2) The UE’s S1 mode capability is disabled in idle mode due to some reasons (e.g., UE's usage setting, abnormal cases specified in TS 24.301).
(3) The UE moves to 5GS of the current PLMN and the UE initiates a Registration procedure. In the REGISTRATION REQUEST message:

a) The UE indicates "S1 mode is not supported" as it is disabled.

b) The UE uses mapped GUTI (also the UE uses the mapped GUAMI for RRC signaling for selecting proper AMF).
c) The UE includes a TAU REQUEST message.

d) The UE includes the PDU session status IE indicating the status of the PDU session(s) mapped during the inter-system change from S1 mode to N1 mode from the PDN connection(s).
(4) During the Registration procedure
a) The AMF sends Context Request to the old MME (identified by the GUTI) with including TAU request message. 
b) The MME responds to the AMF with the EPS UE context, which includes EPS bearer context. The EPS bearer context includes the IP address and FQDN of the combo node, and APN for each EPS PDN Connection.
c) The AMF triggers Nsmf_PDUSession_CreateSMContext Request service operation for each PDN connection and the corresponding combo node in the UE context the AMF received from the MME.
d) The combo node returns the AMF Nsmf_PDUSession_CreateSMContext Response message including the PDU Session ID corresponding to the PDN Connection Context in the request, the allocated EBI(s) information, and the N2 SM Context if the corresponding PDU Session is in the received List Of PDU Sessions To Be Activated. 
e) The AMF stores an association of the PDU Session ID and the SMF ID, S-NSSAI, and the allocated EBI(s) associated to the PDU Session ID. Based on the allocated EBI(s) information received from all the related combo node for this UE, an EPS bearer status, which reflects all existing EPS bearer, is generated by the AMF.
f) The AMF shall includes the EPS bearer status in the Registration Accept message, and proceeds the rest of procedure. 

Observation 2-1: The AMF should be able to select the combo node, based on the UE context from the old MME. 

Observation 2-2: The SMF determines interworking with EPS is supported as specified in the section 5.2.2.2.2 of TS 29.502 – if the SMF receives UE EPS PDN connection (including the EPS bearer context received from the MME), the SMF returns the response including PDU session ID corresponding to the default EPS bearer ID, and the allocated EBI list.

Conclusion: No issue identified for this scenario.

2.3 What if the combo node cannot be selected?
If the AMF or the MME cannot select the combo node and selects a stand-alone SMF or PGW, there is no need to support interworking for Session Management between 5GS and EPS. Since stand-alone node cannot support the interworking, the UE or the core network need to initiate the PDU session (or PDN connection) establishment to enable the interworking support. And during the inter-system change, the PDU session (or PDN connection) that cannot be transferred to the target system shall be released. It is general behaviour and there is no need to optimize the system for this case.

4. Conclusion
This paper has discussed and analysed the scenarios and identifies the issue on 5GS-EPS interworking with N26 for session management aspect when UE disables/re-enables N1/S1 mode capability.
Summary:

1) For N1 disabling/re-enabling scenario, if UE performs TAU procedure, the combo node is selected successfully and the PDU session is transferred to the PDN connection successfully. No issue identified.
2) For N1 disabling/re-enabling scenario, if UE performs an Attach procedure, the following issue have been identified:

Issue: Even if the MME knows the UE is capable of both N1 and S1 modes based on the received MM context from the old AMF and the MME selects the combo node based on the APN, the combo node does not know the UE supports 5G NAS.

Proposal for the issue: Even if the UE has disabled N1 capability, the UE sends PDU Session ID in PCO of the PDN CONNECTIVITY REQUEST message.

3) For S1 disabling/re-enabling scenario, the AMF should be able to select the combo node, based on the UE context from the old MME. And the SMF determines interworking with EPS is supported as specified in the section 5.2.2.2.2 of TS 29.502. No issue identified.

Conclusion: 

If the UE provides PDU Session ID in ePCO when it disables N1 mode capability and performs an Attach procedure in EPS, the service continuity is supported when the UE re-enables N1 mode capability. A CR against TS 24.501 and TS 24.301 to specify this behaviour are needed.
The corresponding solution is provided in CR C1-207318 against TS 24.301 and CR C1- 207320 against TS 24.501 for Rel-17.
