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Introduction
Multi-USIM devices enable use of multiple subscriptions in one device, e.g. more than one USIM and concurrent registration in more than one network. The USIMs are from same or different operator (PLMN).
A Multi-USIM device needs to handle “simultaneous state” situations like: 
· RRC_IDLE/INACTIVE + RRC_IDLE/INACTIVE, e.g. 
· check paging in multiple systems
· receive system information for multiple systems
· perform measurements on multiple systems
· RRC_CONNECTED+ RRC_INACTIVE/IDLE, e.g. 
· voice + paging/SI/measurements
RAN2 WID RP-210316 [1] defines three objectives for the support for Multi-USIM devices in Rel-17. In this contribution the focus is on the objective 2, reported here:
2) Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose):
0. RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
0. Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx
This contribution discusses the switching mechanism which allows the UE to notify the current PLMN that it wants to switch network. The described procedure applicable to NR.
[bookmark: _Ref178064866]Discussion
When a Single-Rx/Single-Tx or Dual-Rx/Single-Tx Multi-USIM UE, in RRC_CONNECTED state in one of the PLMNs, needs to connect to the other PLMN (e.g. to answer a MT calls, perform RAU procedure or by user selection) the UE has to leave the PLMN currently connected.
[bookmark: _Hlk44942140][bookmark: _Hlk58933506]If the Multi-USIM UE interrupts abruptly the connection with the current PLMN, the network KPI might be affected negatively.
[bookmark: _Hlk45022924]If the Multi-USIM UE interrupts abruptly the connection with the current PLMN, the network KPI might be affected negatively.
[bookmark: _Hlk53732527][bookmark: _Hlk66862992]Considering a Multi-USIM UE in RRC_CONNECTED state in PLMN2 and RRC_IDLE or RRC_INACTIVE in PLMN1, the “switching procedure for leaving RRC_CONNECTED state” is relevant when the UE perform longer actions in PLMN1, which require a connection setup (e.g. TAU, mobility registration and MO/MT call). In this case the UE cannot be kept in RRC_CONNECTED in PLMN2 due to the longer activities in PLMN1.
[bookmark: _Hlk66863101]The UE notifies the current PLMN about the imminent leaving and the network moves the UE to RRC_IDLE/RRC_INACTIVE.
Switching procedure for leaving RRC_CONNECTED state can be used to perform longer actions in PLMN1, which need the connection setup. The UE may be moved to RRC_IDLE/RRC_INACTIVE in PLMN2.

Either RRC or NAS signaling could be used for this purpose, however in RAN#113bis-e and RAN2#114e meetings the following has been agreed:

	Agreements
· We support at least AS-based solution (with AS-based response) for network switching while leaving RRC_Connected state in NW A. FFS if this may include NAS information.
· 1: AS-based solution for network switching includes two steps:
· 1-) If configured, UE can send an RRC message to leave RRC_CONNECTED for MUSIM purpose
· 2-) gNB may release the UE to Idle/Inactive.
· 2: Include the following RAN2#113bis-e agreement in the LS:
[bookmark: _Hlk76475187]During switching procedure for leaving RRC_CONNECTED state, UE is allowed to enter RRC_IDLE state if it does not receive response message from network within a certain configured time period. FFS for RRC_INACTIVE state 
· 3: The “configured time” for AS-based solution for the UE to leave RRC_CONNECTED without a response is configured by the gNB. Indicate RAN2 is still discussing this for AS-based solution in the LS.
· 4: Indicate that RAN2 has not discussed the interaction between AS-based solution and any SA2 agreement on NAS messages or NAS-based solution for network switching.



Based on the agreements, the AS leaving procedure is described in the following figure (in red are highlighted the information related to leaving):
[image: ]

The network configures the UE to report its preference for leaving RRC_Connected state. When the UE needs to leave, it sends the UEAssistanceInformation message, optionally including the paging restriction assistance information. Such information allows helping the network in deciding how to handle the leaving UE (i.e. if to page or not the UE).
SA2 group agreed to the following [2]:
The assistance information may include
-	Information to temporarily restrict/filter MT data/signalling handling:
-	An indication that the UE should only be paged for voice (MMTel voice or CS domain voice (for EPS)), or
-	An indication that the UE should not be paged at all, or
-	PDN connection(s) for MT notification/paging restriction.
The paging restriction assistance information is relevant to the CN when the UE is RRC_IDLE, so it is proposed to send to the AMF.
For the switching procedure for leaving RRC_CONNECTED state, the UE sends the UEAssistanceInformation message indicating a preference to leave the current PLMN.
The UE may optionally send, in UEAssistanceInformation message, the NAS assistance information related to Paging restriction, which is forwarded from gNB to AMF.

If the UE is moved to RRC_INACTIVE, the paging restriction should be executed by the gNB. 
In this scenario, there might be a charging issue: the DL data is sent to the gNB and, in case the paging is restricted, it cannot be delivered and will be discarded. However, the data has been already charged to the UE in the CN. For this reason, we propose to apply the paging restriction only when the UE is moved to RRC_IDLE.
A charging issue might occur if the paging restriction is done by the gNB, since the DL data, which is not possible to deliver to the UE due to the paging restriction, is already charged to the UE in the CN.
The paging restriction is only applicable when the UE is moved to RRC_IDLE. That is, the gNB does not apply any paging restriction during RAN paging for UEs in INACTIVE.

In RAN2#113bis-e meeting it has been agreed to use a configurable timer to allow the UE to enter RRC_IDLE state if it does not receive response message from network within a certain configured time period (see figure above). This scenario is mainly due to a failure case.
The presence of the timer may cause a state mismatch: if the network (PLMN2) moves the UE to RRC_INACTIVE, but the RRCRelease with suspend indication is not received, the UE will move to RRC_IDLE when the timer expires. For the network point of view the UE is in RRC_INACTIVE state, but the UE is in RRC_IDLE. 
The presence of the timer may cause a state mismatch in case the network moves the UE to RRC_INACTIVE, but the UE enters RRC_IDLE because the timer expired.
A possible simple solution to solve the state mismatch is the UE to perform a NAS recovery (i.e. connection setup) in PLMN2 as soon as the UE goes in IDLE/INACTIVE in PLMN1. 
As a result of leaving PLMN2 caused by the timer expiration, the UE performs a NAS recovery (i.e. connection setup) in PLMN2 as soon as the UE goes in IDLE/INACTIVE in PLMN1.

In RAN2#114e meeting it was not concluded if the UE can enter RRC_INACTIVE when the timer expires (it is still FFS).
When the UE is moved to RRC_INACTIVE state, some additional configuration is sent in the RRCRelease message from the network, e.g:  I-RNTI, RAN Paging cycle, RNA Info, etc. This configuration will be missed if the UE moves to RRC_INACTIVE without receiving the RRCRelease message.
This will cause misconfiguration issues unless a pre-configuration is applied in advance. However, we think even with the pre-configuration there is no certainty that the misconfiguration is avoided (and, additionally, it increases the standard complexity). For these reasons it is proposed that the UE cannot move to RRC_INACTIVE, if the timer expires.,
Misconfiguration issues can occur if the UE enters RRC_INACTIVE when the timer expires, without receiving the RRCRelease with proper configuration from the network.
[bookmark: _Hlk76457273]Upon timer expiration when the release message is not received, the UE can only enter RRC_IDLE.


[bookmark: _Hlk58932348]In TR 23.761 [2], SA2 group agreed to use the NAS based solution both for LTE connected to EPC and for LTE connected to 5GC. For NR/5GS, both RRC-level and the NAS-level leaving are supported:
	Based on the evaluation in clause 7.3 the following conclusions are agreed for the baseline functionality:
- For leaving in E-UTRA/EPS access, the NAS-level leaving MM procedure is recommended to be supported. The UE sends NAS SERVICE REQUEST or TAU message indicating leave request to releases the RRC-Connected state.
[bookmark: _Hlk75269427]- For leaving in NR/5GS access, both RRC-level leaving and the NAS-level leaving MM procedure are recommended to be supported. 
NOTE 1: The support of the RRC-level leaving for NR/5GS is to be discussed in RAN WG. 
- For leaving in E-UTRA/5GS access and NR/5GS, the NAS-level leaving MM procedure is recommended to be supported. The UE sends NAS Service Request or Registration Request message indicating the leave request to release from the RRC-Connected state and the UE enters CM-IDLE.
NOTE 2: If a UE can be released to RRC_Inactive mode by a NAS-level leaving request in addition to CM_IDLE will be discussed during the normative work.




Since both the NAS and RRC based procedure are supported in NR, the network can configure the UE to allow using the RRC procedure for leaving RRC_CONNECTED state. Otherwise the NAS procedure will be used.
The UE can use the RRC procedure for leaving RRC_CONNECTED state only if previously configured by the network. Otherwise the NAS procedure will be used.
[bookmark: _Hlk45022948]
Conclusion
[bookmark: _Hlk528836488]In the previous sections we made the following observations:
1. If the Multi-USIM UE interrupts abruptly the connection with the current PLMN, the network KPI might be affected negatively.
1. Switching procedure for leaving RRC_CONNECTED state can be used to perform longer actions in PLMN1, which need the connection setup. The UE may be moved to RRC_IDLE/RRC_INACTIVE in PLMN2.
1. A charging issue might occur if the paging restriction is done by the gNB, since the DL data, which is not possible to deliver to the UE due to the paging restriction, is already charged to the UE in the CN.
1. The presence of the timer may cause a state mismatch in case the network moves the UE to RRC_INACTIVE, but the UE enters RRC_IDLE because the timer expired.
1. Misconfiguration issues can occur if the UE enters RRC_INACTIVE when the timer expires, without receiving the RRCRelease with proper configuration from the network.

Based on the discussion in the previous sections we propose the following:
1. For the switching procedure for leaving RRC_CONNECTED state, the UE sends the UEAssistanceInformation message requesting to leave the current PLMN.
1. The UE may optionally send, in UEAssistanceInformation message, the NAS assistance information related to Paging restriction, which is forwarded from gNB to AMF.
1. The paging restriction is only applicable when the UE is moved to RRC_IDLE. That is, the gNB does not apply any paging restriction during RAN paging for UEs in INACTIVE.
1. As a result of leaving PLMN2 caused by the timer expiration, the UE performs a NAS recovery (i.e. connection setup) in PLMN2 as soon as the UE goes in IDLE/INACTIVE in PLMN1.
1. Upon timer expiration when the release message is not received, the UE can only enter RRC_IDLE.
1. The UE can use the RRC procedure for leaving RRC_CONNECTED state only if previously configured by the network. Otherwise the NAS procedure will be used.
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