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1. 	Introduction
The conclusions in the NGS TR 23.799 v2.0.0 state the following:
Agreements for Key issue #18 EPC-NextGen Core interworking are as follows:
-	The standard will define mobility procedures from NG Core to EPC and vice versa to support "single registered" UEs and achieve minimal service disruption.
-	Solution 18.2 is adopted as the basis for normative work. However, decision on which of the signalling flow variants shown in clause 6.18.2.1.2.3 will be standardised is deferred to the normative phase.
-	Support for these procedures in the UE and network is optional and is based on UE and network capabilities, respectively.
-	For idle mode mobility when the NGx interface is supported between NG Core and EPC, the UE performs TAU (or equivalent) when it moves from NG Core to EPC (and vice versa).
-	The standard will define mobility procedures from NG Core to EPC (and vice versa) for UEs that are "dual registered" in NG Core and EPC and no NGx interface is supported between NG Core and EPC. Whether "handover Attach" or TAU will be used by "dual registered" UEs when they move from NG Core to EPC (and vice versa) will be defined in normative phase.

However, several details of how both of these solutions (“single registered” and “dual registered”) and also how the presence of absence of NGx impacts these solutions ae not well captured. In this contribution, we attempt to provide more details and try to explain how the entire solution may work. We also attempt to capture the overall solution in more detail to enable capturing the final solution in the TS.

1.1 Single Registered Solution
The single registered solution is captured in Section 18.2. The principles of this solution is similar to how 3G/4G interworking between EPC and GPRS. A figure to capture the high-level principles of the solution is shown in Figure 1.
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Figure 1. “Single Registered”: Coordinated N1/S1 MM and SM. Single (N1 or S1) mode of operation. The UE is operating in S1 mode.

The following are the key characteristics of this solution:
-	The network supports the NGx interface to transfer UE MM (and SM) context between the two core networks. After the transfer, the MM (and SM) context is deleted (or marked inactive) in the source network. Hence, the context is only active in the target system in the network.
-	The UE coordinates it NMM and EMM registration states as follows (similar to GMM and EMM coordination in TS 24.301):
-	The UE capable of S1 mode and N1 mode shall maintain one common registration for EMM and NMM indicating whether the UE is registered for packet services or not.
-	A UE that is not registered shall be in state EMM-DEREGISTERED and in state NMM-DEREGISTERED.
-	If the UE performs a successful attach in S1 mode, it shall enter substates NMM-REGISTERED.NO-CELL-AVAILABLE and EMM-REGISTERED.NORMAL-SERVICE. 
-	If the UE performs a successful attach in N1 mode, it shall enter substates NMM-REGISTERED.NORMAL-SERVICE and EMM-REGISTERED.NO-CELL-AVAILABLE. 
-	The UE operates in either N1 mode or S1 mode but not both.
-	During inter-system mobility both MM and SM states in the UE for the target system are derived from the corresponding states in the source system using well defined rules. In the network context are transferred from the source to target core network using the NGx interface.
-	Both MME and AMF/SMF are registered at the HSS. This reuses the “MME/SGSN dual registration” functionality of the HSS. The HSS can send subscription updates to both the MME and AMF/SMF. 
-	In the user-plane, PDU sessions are either active only towards EPC or towards 5G-CN. The network during mobility moves all PDU sessions to the target core network. 
Note that one variation in this system is the case where the MM contexts only are transferred from the source network to the target network using NGx, but the SM context is not. The SM context is re-created in the target system either by the UE or the PGW. This is just a variation on how SM context is created in target system, and can be considered to be covered here.
1.2 Dual Registered Solution
The “dual registered” or “dual attach” is captured in section 18.4 of TR 23.799. However, several details are missing in the TR. 
In the “dual registered” case, there are two options: (a) UE is able to operate only in one (N1 or S1) mode, or (b) UE able to operate in both N1 and S1 mode simultaneously. These are shown in Figure 2 and Figure 3 respectively.
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Figure 2. Dual-registration with single mode of operation: Un-coordinated N1/S1 registration. Single (N1 or S1) mode of operation. Figure depicts UE is operating in S1 mode.
The key highlights of this solution are:
-	The network does not use NGx interface for coordinating the UE’s context. Hence, the MM and the SM contexts in EPC and 5G-CN are not transferred or coordinated, either in UE or network. 
NOTE: 	The network may support NGx, but may select not to use the NGx interface for the UE, eg. based on services supported by the UE or subscription etc.
-	The EMM and NMM registration states in the UE are un-coordinated. Hence, a registration in S1 mode does not results in registration in the N1 mode. It is the UE’s responsibility to register in either or both modes. Also, there is no derivation of EMM content from NMM context or vice-versa. The same applies to ESM and NSM contexts. This is the reason these are shown with different shapes in the figure. 
-	The UE operates in either N1 mode or S1 mode but not both. Once the UE moves into a mode, say S1 mode, it is not required to keep its NMM registration alive by performing periodic TAU. Hence, NMM registration gets deleted after periodic timer expiration in both UE and AMF (in AMF after additional de-registration timer)
-	Both MME and AMF/SMF are registered at the HSS. This reuses the “MME/SGSN dual registration” functionality of the HSS. The HSS can send subscription updates to both the MME and AMF/SMF. 
-	For inter-system mobility, the following applies:
-	Idle-mode mobility: If the UE is not registered in the target system the UE performs Handover-attach and moves all PDU sessions to the target network. If the UE is registered in the target system (e.g. because it had previously registered in the target network and its registration is still valid), the UE performs a TAU, integrity protected by the security context of S1 mode (not mapped context from N1 mode). Subsequently, it performs Service Request and then use the UE requested PDU connection request with “handover flag” to move all its PDU sessions to the target network.
-	Connected-mode mobility: The network performs RRC redirection or NACC, and the UE behaves as in the case above (no handover). 
-	In the user-plane, PDU sessions are either active only towards EPC or towards 5G-CN. The UE during mobility moves all PDU sessions to the target core network.
Alternative Modeling of Dual Registration Single Mode
An alternative model for dual registration single mode is to model it as Single registration in the UE but without NGx interface in the network. This is shown in the Figure 2b.
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Figure 2b. Dual-registration with single mode of operation modelled as Single-registration without SGx interface. Coordinated N1/S1 registration. Single (N1 or S1) mode of operation. Figure depicts UE is operating in S1 mode
The main difference from Figure 2 (Dual-registration) model is that the UE coordinates its N1 and S1 registration, i.e. if the UE is registered in N1 mode then its S1 EMM state-machine is also in REGISTERED state, and vice-versa. 
The network does not transfer context during inter-system mobility.
The main difference in the procedure is that when the UE moves from N1 mode to S1 mode, it performs TAU with integrity protection from mapped N1 context. The TAU will fail, since the target system has no way of verifying the TAU message. The UE will then perform handover attach and get a new EMM context. When the UE moves back to N1 mode, it will again behave similarly. This behaviour may be optimized if the network informs the UE that NGx is not supported, for example during attach accept. Based on this the UE behaviour may be defined in such a way that when it changes from N1 to S1 mode, it turns its EMM state to DE-REGISTERED and performs handover attach.
Proposal 1: SA2 should decide single-mode without NGx is modelled as (a) “dual registration single mode” or (b)“single registration single mode”. There are several implications of this decision:
-	if (a) then UE performs hand-over attach in both idle and connected mode (unless its EPC registration is still active) and does not need to map from 5G-CN context to EPC context. If (b) then UE should always performs TAU integrity protected with source security context, when moving between systems (if NGx is present TAU is successful, otherwise NOT and UE performs handover attach).
-	If (a), then for a network without NGx, no need to map MM context or context location identifiers from one system to another. If (b) then mapping of MM context and location identifiers is needed, even if TAU fails.
-	Stage 3 modeling of UE’s registration state machine. If (a) then both coordinated (NGx present in network) and un-coordinated state machine needed (NGx not present).
-	If (a) then indication of NGx support in the network required during attach for UE’s state-machine to be appropriately initialized (coordinated/un-coordinated). If (b) then indication of NGx support is an optimization to enable UE to skip TAU when NGx is not present.
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Figure 3. Dual-registration with dual mode of operation: Un-coordinated N1/S1 registration. Dual (N1 or S1) mode of operation. Figure depicts UE is operating both in S1 mode and N1 mode.
In this dual registration with dual mode of operation the UE may have SM sessions active on both systems. This typically would require the UE to support “dual radio” capability if the UE does not want to miss pages for DL data from both systems. As in the single-mode of operation the UE’s EMM and NMM registration states are un-coordinated. The key difference from the dual-registration single-mode is that UE may have PDU sessions active in both the systems. The PGW will need to support PDU session towards both EPC and 5G-CN. 
Discussion: Whether dual-mode of operation is supported in Phase 1 or not?
For the dual registration case, from a core network perspective, whether the UE operates in single mode or dual mode does not make any difference. The network does not synchronize either the MM or the SM contexts of the UE in the two systems. It is the UE’s responsibility to move the sessions over and to synchronize them in the two systems or not. The only network consideration is that when the UE is in dual mode, it will need to attempt SMS delivery in both the systems. However, this is the case even in single mode of operation and a feature already developed for existing systems (even for 3G/4G, where both SGSN and MME are registered for a UE and MSC attempts to deliver SMS to both nodes eg to support ISR). 
From RAN perspective, dual-mode has implications specially for connected mode mobility.,. RRC State transitions are different for single mode/single radio vs dual-mode/dual radio (in the latter case RRC can be in connected mode in both source and target), etc. 
Moreover, given that from a user perspective dual-mode of operation works a lot better if the UE has dual-radio support which is also only possible between NR radio and LTE radio and not between eLTE and LTE, it is best not to consider dual-mode of operation for the first phase of 5G system. 
Proposal 2: For dual-registration solution, only dual-registration single-mode (S1 or N1) be considered for interworking for Phase-1 of the 5GS.

2. 	Co-existence of Single-registered and Dual-registered solutions
The conclusion of the TR states that both the solutions will be used. Here we consider several aspects for the existence of both the solutions. 
Homogeneous support of Coordinated Registration solution by network
As can be seen from the discussion above, the support of the coordinated registration solution requires the network to support the NGx interface between 5G-CN and EPC to transfer UE’s MM and SM context. The issue is whether the support of NGx can be heterogeneous, i.e. only in some regions, or needs to be homogenous, i.e throughout the entire PLMN. Heterogeneous support creates issues that when UE moves in idle-mode to a region where NGx is not supported, TAU will fail and the UE will need to re-attach, and re-create SM and MM context. 
If the UE is not provided any indication of whether NGx is supported or not in the network, then homogeneous or heterogenous support of NGx is purely a deployment issue. Where NGx is present, mobility (connected/idle) will be (more) seamless. Where NGx is not present, TAU will fail on inter-system mobility. However, UE will perform handover attach and recreate its MM/SM context. 
If UE is provided an indication of NGx support, then also homogenous or heterogenous support of NGx is a deployment issue. 
Proposal 3: Homogenous or heterogeneous support of NGx is a deployment issue. Even if an indication to UE is provided of NGx support, the operator is not required to have heterogeneous support of NGx over the entire PLMN. 
UE capability support for the solutions
For an operator to deploy NGx and attempt to provide seamless mobility to subscribers, it is important that mobiles support the coordinated registration solution. If some mobiles do not support this feature whereas other mobiles support this feature, it becomes problematic for the operator to deploy a feature. Also phase 1 of 5G is for eMBB and it would be critical for user experience to have seamless mobility as the subscriber moves between the two networks. The support for un-coordinated registration is the bare minimum needed to support mobility between 5G and 4G.   
Proposal 4: If the UE supports both S1 and N1 mode, the UE shall support both Coordinated Registration and Un-coordinated Registration solution.  
Terminology
As can be seen from the discussion above, that the terminology “single registered” for coordinated registration scheme is confusing, since the UE is actually registered in both 5G-CN and EPC. It is just that it operates in a single-mode, either N1 or S1. Also for dual registration, the UE may not be registered in both the networks at the same time. The main point of the “dual registration” is that the UE and network do not coordinate their 5G-CN and EPC registrations. Also, for the “dual registration” solution, based on UE capability, it can operator in just a single-mode (S1 or N1) or in dual-mode (both S1 and N1). 
Proposal 5: It is proposed to use the term “Coordinated Registration” for “single-registered” interworking solution and the term “Un-coordinated Registration” for “dual-registered” interworking solution during the TS stage.


2.	Proposals

Proposal 1: SA2 should decide single-mode without NGx is modelled as (a) “dual registration single mode” or (b)“single registration single mode”. There are several implications of this decision:
-	if (a) then UE performs hand-over attach in both idle and connected mode (unless its EPC registration is still active) and does not need to map from 5G-CN context to EPC context. If (b) then UE should always performs TAU integrity protected with source security context, when moving between systems (if NGx is present TAU is successful, otherwise NOT and UE performs handover attach).
-	If (a), then for a network without NGx, no need to map MM context or context location identifiers from one system to another. If (b) then mapping of MM context and location identifiers is needed, even if TAU fails.
-	Stage 3 modeling of UE’s registration state machine. If (a) then both coordinated (NGx present in network) and un-coordinated state machine needed (NGx not present).
-	If (a) then indication of NGx support in the network required during attach for UE’s state-machine to be appropriately initialized (coordinated/un-coordinated). If (b) then indication of NGx support is an optimization to enable UE to skip TAU when NGx is not present.
Proposal 2: For dual-registration solution, only dual-registration single-mode (S1 or N1) be considered for interworking for Phase-1 of the 5GS.
Proposal 3: Homogenous or heterogeneous support of NGx is a deployment issue. Even if an indication to UE is provided of NGx support, the operator is not required to have heterogeneous support of NGx over the entire PLMN. 
Proposal 4: If the UE supports both S1 and N1 mode, the UE shall support both Coordinated Registration and Un-coordinated Registration solution.  
[bookmark: _GoBack]Proposal 5: It is proposed to use the term “Coordinated Registration” for “single-registered” interworking solution and the term “Un-coordinated Registration” for “dual-registered” interworking solution during the TS stage.

3.	Proposed changes


************* NEXT CHANGES ************************
[bookmark: _Toc468360765]8.11.1	Agreements on EPC-NextGen Core interworking
Agreements for Key issue #18 EPC-NextGen Core interworking are as follows:
-	The standard will define mobility procedures from NG Core to EPC and vice versa to support "single registered" UEs and achieve minimal service disruption.
-	Solution 18.2 is adopted as the basis for normative work. However, decision on which of the signalling flow variants shown in clause 6.18.2.1.2.3 will be standardised is deferred to the normative phase.
-	Support for these procedures in the UE and network is optional and is based on UE and network capabilities,  i.e. support of NGx intefacerespectively.
-	For idle mode mobility when the NGx interface is supported between NG Core and EPC, the UE performs TAU (or equivalent) when it moves from NG Core to EPC (and vice versa).
-	The standard will define mobility procedures from NG Core to EPC (and vice versa) for UEs that are "dual registered" in NG Core and EPC and no NGx interface is supported between NG Core and EPC. Whether "handover Attach" or TAU will be used by "dual registered" UEs when they move from NG Core to EPC (and vice versa) will be defined in normative phase.
- 	Additional conclusions based on discussion.
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