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Abstract of the contribution: It proposes a new solution for the paging delivery multiple USIMs are registered in the same serving PLMN.
1. Discussion
The scenario that a Multi-SIM UE uses USIMs registered with the same serving PLMN is common. Below are some examples:
· Non-roaming case: a Dual-SIM UE has been inserted with two SIM cards from the same MNO, e.g. private SIM provided by Vodafone Germany and company SIM provided by Vodafone Germany. 

· Roaming case: a Dual-SIM UE has been inserted with two SIM cards from different MNOs in the same country, e.g. private SIM-1 mainly for voice calls from Vodafone Germany and private SIM-2 mainly for data from Deutsche Telekom Germany. When the UE roams to Reno USA, both NAS stacks serving the SIM cards select to use AT&T as VPLMN. 

If both USIMs are registered with the same serving PLMN, it would be beneficial if paging collisions can be avoided or signalling for paging can be reduced if the serving network is aware about the both registrations (i.e. mobility management, MM, contexts) are for the same UE. For example, if the network is aware that the UE is in CM-Connected state for USIM1 and paging should be executed for the other USIM2, the network (CN or RAN) may apply different paging strategy (e.g. number of retransmissions) compared to the case when the USIM1 is in CM-Idle state.
Proposal 1: to associate the UE's Mobility Management (MM) contexts for the multiple USIMs in the same network (i.e. the UE's MM contexts in the serving mobility NF, e.g. AMFs or MMEs).  Before initiating the core network paging to the UE, the network checks the connection management (SM) state of the associated MM context. 

A Multi-USIM UE implements a Mobile Termination (MT) protocol stack per USIM. With other words, for each USIM the MT implements independent NAS/AS protocol stacks. With respect to the serving cells for a Dual-USIM UE, the following assumptions can be made:

a) USIM1's Mobile Termination (MT) stack and USIM2's MT stack are served in same cell (i.e. identified by the same physical cell ID).
b) USIM1's MT stack and USIM2's MT stack are served in different cells, but the cells are operated by the same gNB/eNB. In this case, the different cells can be assumed to be time synchronized. 

c) USIM1's MT stack and USIM2's MT stack are served in different cells and the cells belong to different gNB/eNB. In this case, the cells would not be synchronized.
For cases a) and b), when the Paging message is sent to both cells, the paging occasion (PO) would occur at the same time. In case c) the PO would be in different times. If the network is aware that the UE is in CM-Connected state for USIM1 and paging arrives for the other USIM2, the AMF may provide in the Paging message for USIM2 additional information, e.g. UE ID for USIM1. In cases a) and b), the gNB/eNB can avoid scheduling the UE (e.g. a service gap is provided to the UE) for the USIM1 transmissions in order to allow the UE to receive the Paging message for USIM2. 
Proposal 2: The AMF may provide in the Paging message to the RAN the UE identifier of the MM context for both USIMs (e.g. USIM1 UE ID and USIM2 UE ID) which allows to schedule the radio resources for the UE using USIM1 in such way that the UE using USIM2 is able to receive the Paging message.
2. Proposal

It is proposed to add the following new key issue to 3GPP TR 23.761.

* * * First Change * * * *

6.X
Solution #X: MT service delivery when multiple USIMs are registered in the same serving PLMN
6.X.1
Introduction

The solution applies to Key Issue #1 "Handling of Mobile Terminated service with Multi-USIM device" and to Key Issue #2 "Enabling Paging Reception for Multi-USIM Device".
The solution applies to both 5GS and EPS.
6.X.2
Functional Description

The proposed solution is based on the following principles:
-
The user consent is required to indicate to the network that the multiple USIMs are in the same UE.

-
If the multiple USIMs are registered with the same serving PLMN, the network attempts to allocate the same serving AMF, if possible.
-
If the serving AMFs for USIM1 and USIM2 cannot be co-located (e.g. due to serving different Network Slices), an association is established between the MM contexts for USIM1 and USIM2.
-
During a paging procedure for UE using USIM1 and if the UE using USIM2 is in CM-Connected state, the following applies:

-
The AMF may provide in the Paging request message the UE identifier of the other USIM registration (e.g. USIM2 UE ID) which allows RAN to schedule the radio resources USIM2's transmissions in such that the UE using USIM1 is able to receive the Paging message.
-
The AMF may decide to stop the Paging request for USIM1 if the current service for USIM2 are Emergency or priority service (MPS).
6.X.3
Procedures
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Figure 6.X.3-1: Signalling flow for registration of a second USIM (USIM2) in the same serving PLMN and MT service delivery
1.
UE registers with the network using USIM1. The AMF1 is serving network entity.
2.
The UE is triggered to perform a second registration with second USIM (USIM2). The UE, i.e. the ME part of the UE, detects that the selected serving PLMN for the registration with USIM2 is the same PLMN which is used for the registration with USIM1. The UE may request the user consent whether to reveal to the network that both USIMs operate in the same UE. 

If the user consent is positive, the UE may provide MUSIM-related information to the network containing MUSIM support and the temporary ID of USIM1's registration.  If the user consent is negative, the UE does not provide MUSIM-related information to the network.
3.
The UE sends Registration Request for USIM2. The UE may send an additional MUSIM-related information to the network, particularly MUSIM support and an identifier for the registration context of the USIM1 (e.g. USIM1 GUTI).  The USIM1 GUTI is an indication to AMF2 that the UE is registered with another USIM in the same network.
4.
The AMF2 attempts to discover AMF1 based on the USIM1 GUTI. Once the AMF2 verifies that the AMF1 is existing and reachable, the AMF2 determines whether AMF1 can serve USIM2's registration request.  The AMF2 can perform this based on the internal configuration or together with NSSF (following the determination of the Allowed NSSAI).
(A) USIM1 and USIM2 MM contexts are in the same AMF
5.
The AMF2 initiates AMF relocation procedure towards the AMF1.  For example, the AMF relocation procedure is described in TS 23.501 clause 4.2.2.2.3.  The AMF1 completes the registration procedure for USIM2. 
6.
The AMF1 serves both USIM1 registration and USIM2 registrations. The AMF1 internally links the MM contexts (i.e. the USIM1 MM context and USIM2 MM context).
7.
A request for paging for USIM1 arrives at the AMF1. The AMF1 internally checks the USIM2's MM context to find out the following information: a) the CM state of the USIM2' MM context and b) if the state is CM-Connected, the service type of the activated services. The Paging message contains the UE identifier of the UE using USIM1 (UE-ID_USIM1) and the service type of the MT service.

If the USIM2' MM context is in CM-Connected state, the AMF1 includes in the Paging message additionally the UE Identifier for the USIM2's registration (e.g. UE-ID_USIM2). The UE-ID_USIM2 is an indication to the RAN that the UE is in RRC-Connected or RRC-Inactive for AS context identified by UE-ID_USIM2. 

In a particular case of USIM2 in CM-Connected state and USIM2 using Emergency or priority service (MPS), the AMF1 may decide to not perform the paging. 
8.
The AMF1 sends Paging request message with parameters as described in step 7. 
The UE ID for the USIM2's registration (UE-ID_USIM2) is used in the RAN to identify the UE AS context of the UE using USIM2. The RAN can configure service transmission gaps for the UE using USIM2 in order to allow the UE to listen to the paging occasions for the UE using the USIM1. The RAN node can apply specific handling of the connection to UE-ID_USIM2 based on the UE radio capabilities, e.g. deactivate temporarily Dual Connectivity for UE-ID_USIM2.
NOTE 1:
The service gaps are assigned if the UE using USIM1 and the UE using USIM2 are served in same cell, or in different cells, but the cells are operated by the same gNB/eNB. 
(B) USIM1 and USIM2 MM contexts are in different AMFs
9.
The AMF2 and AMF1 subscribe each other for notifications upon change of USIM1's GUTI or USIM2's GUTI.
NOTE 2:
The solution works also in case that UE using USIM1 is registered in NR/5GC and the UE using USIM2 is attached to LTE/EPC, if N26 is deployed.
10.
The AMF1 receives a request for MT service (and possibly the service type).
11.
AMF1 to AMF2: sends a request for state information (USIM1's GUTI, USIM2's GUTI, CM state, USIM2's activated services type).
12.
Similar to step 7b.
13.
Similar to step 8.
6.X.4
Impacts on existing entities and interfaces
Editor's note:
This clause describes impacts to existing entities and interfaces.
6.X.5
Evaluation
Editor's note:
This clause provides an evaluation of the solution.
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