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1. Introduction
The overall description of the procedure for mobility for dual-registration UEs is very high level and further details are needed. This contribution adds the details for inter-system mobility for dual-registration UEs.
Currently the description for mobility for dual-registration UEs is a two step process:
1.	Negotiation of the use of dual-registration: Since dual-registration is optional for both the UE and the network, in this step the UE informs the network of its capability to support dual-registration in initial-registration (5GC) or initial attach (EPC). The network in the registration-reply/attach accept, informs the UE is dual-registration mode is allowed for the UE.
2.	Execution of dual-registration procedure: When the UE wants to dual-register, the UE performs initial-registration/initial-attach in the target network. It then moves its PDU session/PDN connections to the target network using the procedure of PDN connection setup with “handover” indication.
In this contribution, we provide some of the details of this procedure.
1.1	Dual-registration capability negotiation
Dual-registration is the capability of the UE to be able to dual-register in target network before it moves its PDU session to the target network. In order to dual-register, the following two requirements need to be met:
a.	The UE should be dual-radio capable, i.e. able to operate at the same time in both LTE and NR radio;
b.	The serving network should have deployed NR and LTE in two very different RF bands which match the UE RF band capabilities, and
Editor’s Note: It is FFS if dual-registration is needed between LTE and eLTE. For such a case, the RF is the same, but the same RAN node should have the capability that for the same UE, it has an interface to EPC and another one to 5GC simultaneously.
c.	At the NAS level, the UE should be able to maintain two independent registrations that are not coordinated with each other. 

However, unlike SRVCC, dual-registration mode is not a “operator managed” mobility mechanism. It is a UE managed mobility mechanism and it is up to the UE to figure out whether it can and when it out like to dual-register. An operator supporting dual-registration is just offering a chance for UE to better handle the two radios and move sessions between these radios as the UE sees fit. So when the network provides an indication to the UE that dual-registration is supported, it is just that, a support indication and nothing more. 
Hence, there is no real-negotiation between the UE and the network. The UE sends it radio capabilities to the RAN and its NAS capabilities to the CN node. The UE NAS capabilities just indicate that the UE can support independent EPC and 5GC MM states. 
Proposal-1: The CN node sends the dual-registration mode support indication to the UE based only on UE’s NAS capabilities, network dual-registration support capabilities, local policies , subscription information, etc. The CN node does not need to know UE’s Radio capabilities when it sends dual-registration mode support indication to the UE.
1.2 	Dual-registration Procedure in target network
1.2.1	Dual-registration in EPC
When the UE performs initial-attach in EPC while being registered in 5GC, the MME sends an initial-attach-indication to the HSS. In the current specifications, based on this indication the HSS sends a cancel-location to old SGSN if registered in the HSS (see TS 23.401, clause 5.2.1.1.3). This behaviour can be extended to that for AMF. Infact, for single-registration case, this would be the expected behaviour of the HSS, since a registration in EPC should cancel any registration of the UE in 5GC. However, if this behaviour of HSS is used for dual-registration case, the UE’s existing sessions in 5GC will be deleted and UE will not be provided any IP address continuity as shown in the figure below.  
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In order for UE’s registration in 5GC not to be deleted, the UE should provide an indication of “dual registration” so that the MME does not include the “initial-attach-indication” to the HSS. Since the MME does not include “initial-attach-indication”, the HSS will not send cancel location to the AMF. 
Also, if the UE requests for dual-registration, the UE will typically do this if the source network has indicated to the UE that dual-registration is supported by the network. However, MME may or may not decide to accept a UE’s dual-registration request, e.g. if the PGW-C is not reachable from the MME or the HSS did not provide any PGW+APN information in the subscription information.  There are two possible ways to handle this: (a) do not accept the attach, hence send an attach reject, or (b) accept the attach but let the UE know that this is not a “dual-registration” attach but a single-registration attach. Sending an attach-reject is more drastic both for the UE and also for the network, since the MME will need to de-register itself from the HSS (additional signalling). It would be better to attach-accept the UE but let it know that its registration not for “dual-registration”. One way to enable this is to provide the UE an explicit indication in attach accept that the registration is for “dual-registration” as opposed to the normal attach case, which is for “single-registration”. Once the UE receives this indication, the UE is aware that it has been provided dual-registration and it can then move its PDN connections from 5GC to EPC. This is shown in the figure below.
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Are the dual-registration indication used to dual-register in target network and dual-registration mode capability indication used for dual-registration negotiation in the source network the same or different indications?
The dual-registration mode capability indication is a NAS level capability indication provided by the UE to let the network know that it can support dual-registration NAS mode. This is provided by the UE even before it is aware whether the network supports dual-registration or not, i.e. the very first registration into EPC or 5GC. However, the dual-registration indication that the UE provides in target network when dual-registering is to let the network know that the UE is already currently registered in the other network and this registration is actually early-registration. 
One indication is a “capability indication”, while the other is a “early-registration” request indication. The capability indication is a capability of the UE and will not change over the life-time of the UE. However, a “early-registration” indication is only provided if UE has a on-going SM context in the source network that it wants to move over to the target. Otherwise, there is no reason for UE to be registered in both the core networks. Early-registering in target network also has power implications for the UE, since the UE may need to operate two RF chains for some period of time. Also, whether the UE early-registers in the target network will depend on the type of services it is supporting at the time of possible mobility to target network. Even if the UE is capable of dual-registration mode, it may not want to early-register but want the network to remove its registration in the source-network if any. Also, not having the dual-registration indication can be used by the network to clean up any context in the source-network.
Proposal-2: It is proposed to keep the dual-registration mode capability indication and the dual-registration indication for early-registering in the target system as two independent indications. 
1.2.2	Dual-registration in 5GC
This is similar to EPC. However as opposed to EPC, there is only a single procedure which is used for both initial-registration and for mobility updates (equivalent of TAU). The registration type is used to differentiate between:
-	initial registration
-	mobility registration update
-	periodic registration update
A dual-registration capable UE in order to pre-register will perform “initial registration”. However, it should indicate that the particular registration request is actually for “dual-registration”, so that the AMF does not send cancel location to the MME.
The flow shown below is similar to the EPC Initial Attach procedure.
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1.3 	Scope of Dual-registration mode Support indication from network 
Should the indication of support of dual-registration be PLMN wide or TA/Registration area wide?
The “dual-registration mode” support indication to UE may be provided at 
a.	Initial Attach (EPC) and initial Registration (5GC) ONLY and valid for entire PLMN, or
b.	Initial Attach and every normal TAU (EPC), and initial Registration and mobility Registration and valid only for TAI-list (EPC) and accepted registration areas (5GC).
The main issue with case b. is that the dual-registration support indication is provided in source-network, i.e in EPC if the UE is in EPC. The network does not know which AMF the UE will perform registration in, i.e which Registration area the UE will perform inter-system mobility. So providing this indication on a source-system registration area does not have any value. Also, if the network supports dual-registration then why would it limit dual-registration to a small part of its network?
Proposal-3: Dual-registration support indication by the network to the UE is only provided in Initial Attach (EPC) and initial Registration (5GC) ONLY and valid for entire PLMN.

1.3	Storage and retrieval of PGW-C/SMF address from the HSS+UDM
The following question needs to be answered:
1.	Is the PGW-C/SMF address always stored in the HSS+UDM?
If there is an Nx interface (i.e. single-registration mode mobility supported), then the AMF (4G->5G mobility), can obtain the PGW-C+SMF address from the MME. Otherwise, it needs to get this address from the HSS+UDM. Hence, for networks that do not support an Nx interface, the AMF needs get the PGW-C address from the HSS. Also, this information should not be just part of the SM context in the HSS+UDM, but MM part of context in HSS+UDM especially for 5GC where the AMF and SMF are separated. The PGW-C+SMF address helps the AMF select SMF, which is an AMF function.
Proposal 2: The PGW-C+SMF address shall be stored in the HSS+UDM if dual-registration mode is supported by the network. The AMF (for 5GC) and MME (for EPC), shall update the SMF+PGW-C and APN/DNN information respectively in the HSS+UDM whenever one such is selected for a UE’s PDU/PDN session. 
Another point to note is that the early-registration mode may last a long duration during which UE may add/remove PDN/PDU sessions. Moreover, based on current EPC design both the AMF and MME may be registered at the HSS to reduce signalling from MME and AMF every time the UE moves between these two core networks. Hence, if the PGW-C+SMF address is removed or changed in the HSS+UDM, the HSS+UDM should inform the registered MME and AMF, such that on subsequent inter system mobility the AMF and MME are able to select the appropriate PGW-C+SMF.  
Proposal 3: Whenever the PGW-C+SMF and DNN/APN information is updated in the HSS+UDM, the HSS+UDM shall inform the registered CN node of the other core-network of this new PGW-C+SMF address.
NOTE: The PGW-C+AMF address is provided to MME as part of APN information if network supports mobility with non-3GPP access and UE is allowed to have such mobility as part of subscription information.


2. 	Overall Proposal
Proposal-1: The CN node sends the dual-registration mode support indication to the UE based only on UE’s NAS capabilities, network dual-registration support capabilities, local policies , subscription information, etc. The CN node does not need to know UE’s Radio capabilities when it sends dual-registration mode support indication to the UE.
Proposal-2: It is proposed to keep the dual-registration mode capability indication and the dual-registration indication for dual-registering in the target system as two independent indications
Proposal-3: Dual-registration support indication by the network to the UE is only provided in Initial Attach (EPC) and initial Registration (5GC) ONLY and valid for entire PLMN.
Proposal-3: The UE provides “dual-registration” indication in EPC Attach if it is wants to dual-register in EPC. If the MME decides to accept the e-registration request, the MME does not include “initial-attach-indication” to the HSS+UDM. The HSS+UDM does not send cancel location to an already registered AMF. Also the MME sends a dual-registration indication in attach accept message to the UE.
Proposal-4: The UE provides “dual-registration” indication in 5GC Registration request if it is wants to dual-register in 5GC. If the AMF decides to accept the dual-registration request, the AMF does not include “initial-attach-indication” to the HSS+UDM. The HSS+UDM does not send cancel location to an already registered MME. Also the AMF sends a dual-registration indication in attach accept message to the UE.
Proposal 2: The PGW-C+SMF address shall be stored in the HSS+UDM if dual-registration mode is supported by the network. The AMF (for 5GC) and MME (for EPC), shall update the SMF+PGW-C and APN/DNN information respectively in the HSS+UDM whenever one such is selected for a UE’s PDU/PDN session.
Proposal 3: Whenever the PGW-C+SMF and DNN/APN information is updated in the HSS+UDM, the HSS+UDM shall inform the registered CN node of the other core-network of this new PGW-C+SMF address.
Updates to 23.501 are enclosed below. Updates to 23.502 are in S2-173320 and 23.401 are in S2-173321.
3.	Updates to 23.501
[bookmark: _Toc480388607] **************  START CHANGES **********************
[bookmark: _Toc480388610]5.17.2	Interworking with EPC
[bookmark: _Toc480388608]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.
The support of single registration mode is mandatory for UEs that support both 5GC and EPC NAS. If the network supports interworking with EPC, the network supports inter-system mobility procedures for single-registration mode or dual-registration mode.
[bookmark: _GoBack]If UE also supports dual-registration mode, the UE during initial 5GC initial-registration and EPC Initial Attach procedures provides its support dual-registration mode to the network. 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 procedureentire PLMN region..
Editor's note:	It is FFS if such an indication is also needed in EPC/E-UTRAN.
[bookmark: _Toc480388609]5.17.2.2	Mobility in single-registration mode
Single-registration mode requires support for Nx interface between AMF in 5GC and MME in EPC to enable seamless session continuity (e.g. for voice services) for inter-system change.
When single-registration mode 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.
NOTE:	With Single Registration mode, when there is no support for Nx, IP address change is expected upon mobility to EPS.
Editor's note:	UE behaviour when it moves to EPS or moves to 5GC in case of following scenario is FFS-UE supports SR mode only and network does not support SR mode.
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.
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 “dual registration” indication and 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 5GC 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 5GC, the UE performs Registration in 5GC with “dual-registration” indication 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 CHANGES    **********************
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