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Abstract of the contribution: Proposes a description for single-registration mode based interworking with no Nx support.
Discussion
1 Single registered UE behaviour
1.1 Single registered UE idle mode behaviour without Nx, 5GC to EPC

UE can have different behaviour if NX is present or not. That requires that UE is informed by network prior to mobility event if Nx is present or not. Such UE would use TAU procedure when Nx is present and HO attach when Nx is not present. Unless the network is homogenous the information provided by the network to the UE may not be correct, since the network will not know where an idle mode UE request service.
1) If UE assume that Nx is present while it is not, UE and/or network need a fall back mechanism to avoid loss of IP session and perform initial attach. 

2) If UE assume that Nx is not present while it is, the mobility does not take advantage of context transfer over Nx interface and may use more signalling.

Observation: Only in homogenous networks can a network indication of Nx availability be trusted

UE can have a consistent behaviour for idle mode mobility and act in the same way independent of presence of Nx. Such UE can:

1) UE always starts with TAU, if TAU is rejected UE continues with HO attach, or
2) UE always performs HO attach

Proposal: UE starts with TAU, if TAU is rejected UE continues with HO attach

Motivation: It is assumed that many networks will deploy IMS voice or other services with dedicated network resources where context transfer over Nx is required. Hence UE should start by assuming that Nx is present, and if not, use HO attach as fall back mechanism. By that the UE will have one behaviour independent of if Nx is present or not which is an advantage from a robustness and UE complexity perspective. 

1.2 Single registered UE connected mode behaviour without Nx, 5GC to EPC

Unless RAN is provided with an indication if connected mode is possible or not (based on presence of Nx), source RAN may always try to initiate a connected mode handover. The discussion above of validity of such indicator is valid also for this purpose. Other mechanisms like Handover Restriction List (as used in EPS) may be used.
Proposal: 5GC rejects handover signalling if no Nx to target EPC is present. The connected mode mobility continues as idle-mode mobility.
1.3 Single registered UE idle mode behaviour without Nx, EPC to 5GC

In case of idle mode mobility from EPC to 5GC, and indication to UE on presence of Nx is not needed. Instead 5GC can resolve the mobility procedure based on presence of Nx or not from 5GC side.
When UE performs registration procedure in 5GC with a 5G-GUTI mapped from the 4G-GUTI. 5GC can retrieve the UE’s MM and SM context from EPC as described in 23.501 section 5.17.2.2 when Nx is present.

When Nx is not present, 5GC cannot retrieve the UE’s MM and SM context. 
Proposal: When 5GC cannot retrieve the UE’s MM and SM context 5GC executes the registration procedure without access to an existing UE context from EPC. UE will be registered in 5GC and may thereafter activate PDU sessions. When the Registration procedure is successfully concluded the UE continues by activating PDU sessions equivalent to the PDN connection resources that were used in the 4G access and which are available for a continued use in the 5G access.
1.4 Single registered UE connected mode behaviour without Nx, EPC to 5GC

Unless RAN is provided with an indication if connected mode is possible or not (based on presence of Nx), source RAN may always try to initiate a connected mode handover. The discussion above of validity of such indicator is valid also for this purpose. Other mechanisms like Handover Restriction List may be used.
Proposal: EPC rejects handover signalling if no Nx to target 5GC is present. The connected mode mobility continues as idel-mode mobility
2 Dual registration and session continuity

Align section 5.7.2.3 and 5.7.2.2 and clarify that seamless session continuity for both single registered UEs and dual registered UEs require use of Nx.
Proposal

Add the following to the TS 23.501 v0.3.1.

*************** Start of changes *********************
5.17.2
Interworking with EPC

5.17.2.1
General
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). Similarly, the network maintains one state either in the AMF or in the MME. UE maintains a single coordinated registration for 5GC and EPC.
-
In dual-registration mode, UE can handle independent registrations for 5GC and EPC. In this mode, the UE may be registered to 5GC only, EPC only, or to both 5GC and EPC.

Editor's note:
It is FFS which mode is mandatory for the UE and the network, and how to converge on one mode.

UE during initial NGC registration procedures provides its support of single-registration and/or dual-registration mode. The network selects one of the two modes, based on UE capabilities, network capabilities and operator policies, and provides the selected mode to the UE in the registration response message. This mode is valid in the UE's 5GC registration area and maybe updated by the network during subsequent registration procedure.

Editor's note:
It is FFS if such an indication is also needed in EPC/E-UTRAN.
5.17.2.2
Mobility in single-registration mode

To support mobility in single-registration mode, the Nx interface between AMF in 5GC and MME is optional, but it is required if seamless session continuity for voice is needed.

If Nx is supported:

-
For idle-mode mobility from 5GC to EPC, the UE performs TAU procedure with 4G-GUTI mapped from 5G-GUTI and the MME retrieves the UE's MM and SM context from 5GC. 
-
For connected-mode mobility from 5GC to EPC, inter-system handover is performed.

-
For idle-mode mobility from EPC to 5GC, the UE performs registration procedure with 5G-GUTI mapped from 4G-GUTI and the AMF and SMF retrieve the UE's MM and SM context from EPC. 
-
For connected-mode mobility from EPC to 5GC, inter-system handover is performed.
If Nx is not supported:

-
For idle-mode mobility from 5GC to EPC, the UE performs TAU procedure with 4G-GUTI mapped from 5G-GUTI and the MME rejects the TAU since it is not possible to retrieve the UE's MM and SM context from 5GC. After the reject the UE performs Attach in EPC with "handover" indication in PDN Connection Request message (TS 23.401, clause 5.3.2.1) and it subsequently moves all its other PDU session using the UE initiated PDN connection establishment procedure with "handover" flag (TS 23.401 clause 5.10.2).

-
For connected-mode mobility from 5GC to EPC, if source 5G RAN attempts to start handover the 5GC rejects the handover attempt since it is not possible to convey handover signaling to EPC. The connected mode mobility continues as idle-mode mobility.
-
For idle-mode mobility from EPC to 5GC, the UE performs the Registration procedure with a 5G-GUTI mapped from a 4G-GUTI. The AMF cannot retrieve the UEs MM and SM context from EPC and executes the Registration procedure without access to an existing UE context from EPC. When the Registration procedure is successfully concluded the UE continues by activating PDU sessions equivalent to the PDN connection resources that were used in the 4G access and which are available for a continued use in the 5G access.
-
For connected-mode mobility from EPC to 5GC, if source 4G RAN attempts to start handover the EPC rejects the handover attempt since it is not possible to convey handover signaling to 5GC. The connected mode mobility continues as idle-mode mobility.

5.17.2.3
Mobility in dual-registration mode

To support mobility in dual-registration mode, the support of Nx interface between AMF in 5GC and MME in EPC is not required and seamless session continuity for voice is not required.

Editor's note:
It is FFS if dual-registration mode can be used for IMS voice.
During inter-system mobility from 5GC to EPC, the UE performs Attach in EPC with "handover" indication in PDN Connection Request message (TS 23.401, clause 5.3.2.1) and it subsequently moves all its other PDU session using the UE initiated PDN connection establishment procedure with "handover" flag (TS 23.401 clause 5.10.2). The UE does not continue to perform registrations in NGC and remains registered without PDU sessions in 5GC till its registrations in 5GC times out and the network performs implicit detach.
During inter-system mobility from EPC to NGC, the UE performs Registration in 5GC and it subsequently moves all its PDN connections from EPC using the UE initiated PDU session establishment procedure with "handover" flag (TS 23.502 [3], clause 4.3.2.2.1). The UE does not continue to perform TAU in EPC and remains attached without PDN connections in EPC till the network performs implicit detach. If the UE does not support attach without PDN connections in EPC, the UE is detached in EPC when the last PDN Connection is moved to 5GC

Editor's note:
Support of "handover" flag in TS 23.502 [3] is not yet defined.
*************** End of changes *********************
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