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Abstract: This contribution proposes an ePDG/N3IWF based solution to enable MT services in Multi-USIM devices.
Background
KI#1 identifies a number of objectives that when there is a need to provide a notification to a MUSIM UE that there is a MT session to be serviced that the notification should be delivered in a resource efficient manner, assuming the notification should be delivered at all.
This paper looks at one practical use case of MUSIM UEs today, where they traditionally have a UI that allows a user to pick a primary USIM for
a) Data
And secondary USIM for
b) Telephony calls and SMS.
The UE in the above situation stays predominately on the network associated with the “Data” as telephony calls and SMS happen less compared to the data requirements of users. i.e., the busy hour traffic for data far exceeds the busy hour traffic for telephony and SMS.
We note that this is also the scenario prioritized by RAN as specified in one of the objectives of their Multi-USIM WI (RP-193263):
Unless SA2 find an alternative solution or decides otherwise , specify mechanism for an incoming page to indicate to the UE whether the service is voLTE/VoNR.[ RAN2]

Taking this practical use of how consumers use their devices and the capability of the core network today a practical solution is proposed. The solution requires the deployment of IMS sub-system and impacts UE and SCC AS (this is used for targeting an IMS client). It can use “as is” non 3GPP access mechanisms that have been standardised and deployed for many years (e.g. voice over WLAN solutions that many operators use).
It contains two options, one that offers ability to support QoS handling while another requires the UE to return to the original PLMN. The latter option requires no support from any roaming networks or from the network that data service is being used on. 
NOTE:	Some operators partially offer the functionality described below today (Alternative A) where VoLTE service can be forked to multiple clients e.g. VoLTE UE and an application (can reside on many UEs) that allows VoLTE services to be used over internet access.  In this situation the consumer has acknowledged by installing the application that they will use up any “internet” data allowance.
Proposal
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6.X	Solution #X: <MT service via ePDG/N3IWF>
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This solution addresses Key Issue #1: Handling of Mobile Terminated service with Multi-USIM device.
This solution can be used to receive MT IP services (e.g., IMS voice and SMS) on a PLMN via its ePDG or N3IWF, while being connected to another PLMN over 3GPP access. 
This solution applies to both 5GS and EPS.
This solution applies to Single Tx Multi-USIM devices with either Single or Dual Rx.
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This solution allows the UE to access an operator’s IP services (e.g., IMS voice and SMS) on a PLMN without requiring the UE to be connected to the PLMN over 3GPP access. The mechanism works as follows.
1. The UE decides which PLMN to connect over 3GPP access (say PLMN1). The UE then ceases to monitor the other PLMN (PLMN2) over 3GPP access.
2. In order to receive IP service with PLMN2, the UE establishes SIP connectivity via the ePDG/N3IWF of PLMN2 using the user plane connectivity offered by PLMN1.
3. When MT IMS service is triggered in PLMN2, the UE may use one of two possible options. In one option (Alternative A), the UE will switch to PLMN2 to receive IP service. In another option (Alternative B), if PLMN1 allows, the ePDG/N3IWF in PLMN2 uses the user plane connectivity with PLMN1 to establish IP service. 


Figure 6.X.2-1: Solution architecture illustrating IMS services
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Figure 6.X.3-1 provides a call flow of the UE selecting one of the PLMNs for 3GPP access, and establishing a connection with the ePDG/N3IWF of the other PLMN to access IP services. 


Figure 6.X.3-1: Information flow
NOTE:	For the purpose of making the diagram simpler the P-CSCF and S-CSCF have been collapsed into one entity. No changes are made to the IMS architecture.
1a, 1b.	The multi-USIM device registers with USIM2 in PLMN2. 
2A. In Alternative A, the UE, using USIM2, performs an IMS REGISTRATION with contact address IP1, Registration ID = 1 (e.g. RFC 5626 [XX]) over IMS well known DNN/APN. 
3A. The CSCF2 performs a third party registration with the SCC AS.
NOTE 1:	SCC AS is described in TS 23.292 [Y]. Only the Terminating Access Domain Selection (T-ADS) is required.
2B. In Alternative B, in 5GS, the UE may enter MICO mode if allowed, or deregister with PLMN2. In EPS, the UE detaches from PLMN2. 
NOTE 2: The UE is assumed to be aware that PLMN1 supports ePDG/N3IWF connectivity to PLMN2. Otherwise, step 2B is performed after step 5.
4. The UE then ceases to monitor PLMN2 over 3GPP access.
5a.	The multi-USIM device registers with USIM1 in PLMN1. It attempts to determine if the network supports establishment of user plane connectivity to an ePDG/N3IWF. 
5b. The UE may receive an indication from the AMF or MME of PLMN1 about whether it supports establishment of user plane connectivity to an ePDG/N3IWF of the same or different network.
NOTE 3:	For example, the UE could attempt to establish a PDU session (5GS) or PDN connection (EPS) to the ePDG using a specific DNN / APN. This would be agreed at an SLA level between operators.
NOTE 4:	If the network does not support user plane connectivity to an ePDG/N3IWF, then the UE can only use Alternative A.

6. The multi-USIM creates a secure connection to the N3IWF2 or ePDG using USIM2 using a PDU session that allows access to N3IWF2 or ePDG2 in PLMN2. The IP address used is the one provided by PLMN1, say IP2. The N3IWF2 or ePDG2 is selected using the configuration data associated with USIM2.
NOTE 5:	This procedure uses non-3GPP access procedures as defined in TS 23.502 [6] clause 4.12 or TS 23.402 [X]. The PDU session over which the secure connection is established over could be internet access.
7. The UE using USIM2 performs an IMS REGISTRATION using the connection that was established as step 6 with contact address IP2. For:
-	Alternative A, this IMS registration contains an indication that it is 2nd IMS REGISTRATION and is related to a MUSIM capable UE; or
-	Alternative B, this IMS registration contains an indication that it is 1st IMS REGISTRATION (e.g. Registration ID =1).
NOTE 6:	The inclusion of an indication that the IMS REGISTRATION is related to a MUSIM capable UE can be left to Stage 3.
8. The CSCF2 receives an IMS session INVITE for Public User Identity associated with USIM2. The CSCF2 sends the IMS INVITE to the SCC AS. The SCC AS chooses the contact address (IP2) associated with the IMS REGISTRATION. For Alternative A, it includes in the SIP INVITE an indication that the 2nd IMS REGISTRATION should be chosen. 
9. The CSCF2 receives the SIP INVITE from the SCC AS, and sends the INVITE to the UE via the ePDG2/N3IWF2 access that was set-up in step 6.
10A. In Alternative A, if the UE determines that it wants to accept the IMS session, then the UE sends a redirect message back to the SCC AS to inform the SCC AS to choose the contact address associated with 1st IMS REGISTRATION.  
11A. The UE ceases monitoring PLMN2 over 3GPP, and tunes / moves back to PLMN 2, and establishes user plane resources.
12A.The CSCF2 send the message in step 10A to SCC AS. The SCC AS receives the message in step 12A, determines that there is another IMS REGISTRATION that can be used to establish the session and sends the SIP INVITE to CSCF2 to use the 1st IMS REGISTRATION.
13A. The UE and CSCF2 establish a SIP connection.
10B. In Alternative B, the UE and network will establish user plane resources over PLMN1 to support IMS media traffic via ePDG2/N3IWF2.
11B. The UE and CSCF2 establish a SIP connection.
Editor's note:	SA5 will need to be involved if any IMS user and control plane traffic is sent over a PDU session that is carrying data traffic.
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UE:
- 	Inquires the AMF/MME for ePDG connectivity, decides which network to connect over 3GPP, and requests user plane resources for ePDG connectivity 
-	Supports indication of MUSIM IMS REGISTRATION
-	Supports providing alternative contact address.
SCC AS
-	Supports receiving indication MUSIM related IMS REGISTRATION and using it for subsequent selection of MT service.
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