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1	Introduction
Rel-17 WI [1] for ‘support of Multi-SIM devices’ aims to study the system impacts when the UE communicates to more than one PLMN via multi-SIM support and specifies potential enhancements to avoid performance degradation in the MUSIM scenarios.
The objectives of the WI are:
	1) Specify, if necessary, enhancement(s) to address the collision due to reception of paging when the UE is in IDLE/INACTIVE mode in both the networks associated with respective SIMs [RAN2]
· RAT Concurrency: Network A can be NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx.
2) Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose) [RAN2]:
· RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx
3) 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]
· RAT Concurrency: Network A is either LTE or NR. Network B is either LTE or NR.
· Applicable UE architecture: Single-Rx/Dual-Rx/Single-Tx
UE SIMs may belong to same or different operators. 
USIM can be a physical SIM or eSIM. 
Coordination with relevant WGs, such as SA2, should be considered where relevant. 
Specification change should focus on NR side for objective 1.



In this discussion paper we further discuss on the objective 2 and potential solutions relevant for the same. 



2	Discussion
For objective 2, following agreements were made for the switching procedure.
RAN2#114-e:
	A-1: RRC signaling for network switching without leaving RRC_Connected state should allow multiple configurations of periodic “gaps” with different parameters (e.g. periodicities and durations). FFS is multiple can be active at the same time. FFS if multiple aperiodic gaps are supported.
A-2: UE provides assistance information to the gNB of NW A in Connected state based on the configuration of USIM of NW B for the gNB to determine the necessary switching parameters. Up to network what is the action based on UE assistance information. FFS what assistance information is needed.
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 
A-3: 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.
A-4: Include the following RAN2#113bis-e agreement in the LS:
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 
A-5: 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.
A-6: 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.



RAN2#113-bis-e:
1	RRC signalling is used for switching procedure without leaving RRC_CONNECTED state in network A for UE temporarily switching to network B as a baseline. FFS on additional need of MAC signalling.
2	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.

RAN2#113-e:
1	Switching procedure can be used to notify network A that the UE has a preference to leave RRC_CONNECTED state in network A.
2	The switching procedure can be used to notify network A that the UE has a preference to be kept in RRC_CONNECTED state in network A while temporarily switching to network B.

Further analysis on the above switching scenarios and latest agreements are provided in below sections.


2.1 Switching Procedure without Leaving Connected State 
The switching procedure for temporary switching to NTWK-B without leaving RRC-CONNECTED state are required for the following cases.
· Periodic: Idle mode monitoring operations at NTWK-B which needs RX resources will require temporary gaps in connected mode network. Depending on the need and pattern of gaps required, gaps for idle mode operations can be classified into two parts.
· Fixed gap pattern where the actual gap location and duration cannot be modified. This type of gap is required for paging monitoring at NTWK-B for the paging occasions occurring at fixed location for every DRX cycle at NTWK-B.  
· Flexible gap pattern when there is need for gap for NTWK-B monitoring periodically. The gap location within periodicity can be configured to any value by network. In some cases, the UE may need to provide assistance information for the configuration of location so that the gap location aligns with SMTC configuration of neighbour cells.  This type of gap is required for idle-mode RRM measurements for cell-reselection. 
· Aperiodic: 
· As part of idle mode operations, the UE may trigger tracking area update procedure to update the network about its location change. UE may need to respond to paging message with either BUSY indication or service-request procedure.  
· The NAS signalling procedure for tracking area update and BUSY indication can be completed within short duration. For these procedures UE may need both TX and RX operations at NTWK-B. Hence, temporary gaps based on the trigger of these signalling messages are needed in this case. 
· In case of idle mode mobility, when the UE reselects to new cell, the UE may require temporary gap for system information acquisition in the new cell. For this scenario, UE may require temporary gap on reselecting to new cell for RX operation until the UE completes the camping procedures.
Based on the above analysis we make following observations.
Observation 1:   Depending on the purpose of the gap, multiple periodic gaps may be active to allow temporary short switching needed at NTWK-A.
Observation 2: For signalling procedures associated with other idle mode operations, such as TAU/RAU, RNAU, or BUSY indication, aperiodic gap for TX and RX operations of NTWK-A is required based on UE indication for such gap.
Observation 3: One-time aperiodic gap for RX operation may be required at NTWK-A for UE to complete the idle mode mobility procedure at NTWK-B.
Observation 4: It is not envisaged that more than one aperiodic gap for RX operation is needed at NTWK-A for UE to complete the idle mode mobility procedure at NTWK-B.
Based on the above observations, the switching procedure needs to support configuration of aperiodic gaps by network in response to UE request for such gap configuration. For periodic gaps the UE may either trigger switching procedure or UE may use any of existing uplink RRC messages to include the assistance information for periodic gap configuration. Based on the assistance information, network may configure more than one gap pattern with common periodicity for periodic temporary switching. 
Proposal 1: Gap-Assistance-Information includes the periodicity of gap and Fixed-gap-location needed for PO monitoring. FFS whether UE needs to provide additional assistance information for flexible gap configuration including the SMTC window.
Proposal 2: Network may configure multiple unique periodic gap configurations (with same or different purpose) to be active at the same time at the UE. The maximum number of supported active configurations is a UE capability.
Proposal 3: At most one aperiodic gap for RX operation is allowed at NTWK-A for UE to complete the idle mode mobility procedure at NTWK-B.
When network configures fixed gap pattern for PO monitoring in idle mode of NTWK-B, this gap length needs to cover the time required for UE to acquire time and frequency synchronisation using one to three or more SSBs followed by monitoring the common search space as per the PO calculation. The time required for SSB acquisition may depend on the UE’s radio condition. As part of PO monitoring, if the UE identifies that the configured gaps is not sufficient or is too long, the UE needs to request for adjustment of the gap. For this gap adjustment without changing the periodicity, signalling procedure or indications at lower layers is sufficient instead of initiating complete switching procedure at RRC level.
Proposal 4: RAN2 to consider the adaptation of gap duration without change of periodicity using lower layer signalling mechanism. 
The UE has to monitor for paging in all PO locations in NTWK-B for which it has required a periodic gap from NTWK-A. However, in majority of occasions the UE may not find any paging addressed to it and may identify it quite early if a paging early indication is applied. The paging early indication will be introduced in release 17 as part of 3GPP work on UE power saving. The remaining time can be used by NTWK-A to reduce the impact due to interruption in data traffic.
Proposal 5: RAN2 to provide signalling mechanisms to allow the UE’s early return and NTWK-A’s possibility to schedule traffic in the remaining (non-used) part of the gap. 
[bookmark: _Hlk78806608]The NW may not be able to accommodate the requested gap from the UE. In that case the UE may retry with the same gap pattern later. However, it may be possible for the NW to accommodate part of the request, e.g. reduced periodicity or reduced duration and the UE may still be able to use the provided gap for its highest priority activities.
Proposal 6: RAN2 to provide means to partially accept a requested gap by directly configuring gap with reduced periodicity/time or provide assistance information along with the reject to UE and allow the UE to request different pattern.


2.2 Switching Procedure for Leaving Connected State
When MUSIM UE is in Idle-CONNECTED/Inactive-CONNECTED mode operation between NTWK-B and NTWK-A, the UE in idle mode may need to establish RRC connection in NTWK-B and indicate the leave notification to NTWK-A. For this case the primary requirement is that UE informs the current gNB to enable faster release of RRC connection. In addition to this primary objective, the AMF also needs to be informed about the leave so that AMF can appropriately manage further connectivity towards the UE including state transition and buffering of further downlink transmissions. 
For this notification, the signalling procedure can be either procedure where the UE indicates the leave indication and waits for network response as acknowledgement before leaving, or the UE may send RRC level indication as procedure without network response. In some scenarios, the UE may need to start the connection setup procedure quickly due to latency requirements without waiting for network response. For this scenario, leave indication without network response needs to be supported to allow the UE to leave the network after sending the message containing RRC and NAS level Leave information and obtaining lower layer acknowledgement itself.
Observation 5: AS and NAS level interaction is needed to indicate leave on RRC connection. 
Observation 6: In some scenarios, the UE may need to start the connection setup procedure quickly due to latency requirements without waiting for network response even for a preconfigured time.
Proposal 7: Leave indication for UE switching to NTWK-B without response from NTWK-A should be supported to minimize the delay in switching to another network for connection establishment. 
In such cases, whether the network should transfer the UE to RRC_IDLE or RRC_INACTIVE is not known. The decision for transferring the UE to either RRC_IDLE or RRC_INACTIVE depends on the duration for which the UE is expected to remain in the state but may be unknown at the time of leave. In case if the leave indication without network response needs to be supported, the RRC state to which the UE should be transferred to can be preconfigured via RRC signalling procedure.  The pre-configuration can include the state transition information depending on the time of return. The pre-configuration can allow the UE to move to RRC_INACTIVE after a first defined time, and can also allow an RRC transition from RRC_INACTIVE to RRC_IDLE after a second pre-configured time period without need for new communication between the UE and network. This preconfigured return behaviour enables the UE to leave NTWK-A without waiting for the network response and stay in the most optimal RRC state when the time of absence is not known at the time UE leaves RRC connection. NTWK-A may also configure the UE to remain in RRC_CONNECTED state with C-DRX for short duration configured by the first time period before transferring the UE to RRC_INACTIVE. With this configuration, if the UE completes the NTWK-B operation in shorter duration it can also resume to RRC_CONNECTED state.
Proposal 8: RAN2 discuss the RRC Configuration of the UE behaviour when it switches from NTWK-A without waiting for network response.
Proposal 9: RAN2 to discuss pre-configuration of the UE with the state the UE should move to after providing leave indication.


2.3 Switching Procedure for Dual Connectivity Scenario
MR Dual connectivity including NR-DC, EN-DC, or NE-DC are important deployment options for NR. Hence, the idle-connected mode scenario and associated problems related to switching is also applicable for dual connectivity at NTWK-A (connected mode network).  The UE capable of dual connectivity is expected to have Dual TX/RX as minimum requirement. When the UE attempts to establish RRC connection in the idle mode network which may be NR or LTE network, the dual connectivity at the NTWK-A may need to be downgraded to single connectivity.  RRC signaling procedures associated with dual connectivity may require changes to handle this switching indication without leaving the network completely.  Hence, we propose the objective 2 associated with switching notification also should be supported for dual connectivity architecture.
Proposal 10: Switching notification at connected mode network with dual connectivity without fully leaving the network should be supported. 
For switching notification to NTWK-A in dual connectivity, depending on the frequency/band of operation in other network, UE may indicate preference to leave either MCG or SCG. In case if the UE does not indicate any preference for leaving specific cell group, network may decide to suspend SCG or MCG depending on the resource situation and interruption requirements of associated bearers.
Proposal 11: In Switching Notification in dual connectivity scenario the signaling procedure should support configuration of single connectivity with control to release any of the cell groups.  FFS the factors deciding the cell group to be released.
3	Conclusion
The following proposals and observations were made in this paper related to the different sections above:
Switching Procedure without leaving connected state
Observation 1:   Depending on the purpose of the gap, multiple periodic gaps may be active to allow temporary short switching needed at NTWK-A.
Observation 2: For signalling procedures associated with other idle mode operations, such as TAU/RAU, RNAU, or BUSY indication, aperiodic gap for TX and RX operations of NTWK-A is required based on UE indication for such gap.
Observation 3: One-time aperiodic gap for RX operation may be required at NTWK-A for UE to complete the idle mode mobility procedure at NTWK-B.
Observation 4: It is not envisaged that more than one aperiodic gap for RX operation is needed at NTWK-A for UE to complete the idle mode mobility procedure at NTWK-B.
Proposal 1: Gap-Assistance-Information includes the periodicity of gap and Fixed-gap-location needed for PO monitoring. FFS whether UE needs to provide additional assistance information for flexible gap configuration including the SMTC window.
Proposal 2: Network may configure multiple unique periodic gap configurations (with same or different purpose) to be active at the same time at the UE. The maximum number of supported active configurations is a UE capability.
Proposal 3: At most one aperiodic gap for RX operation is allowed at NTWK-A for UE to complete the idle mode mobility procedure at NTWK-B.
Proposal 4: RAN2 to consider the adaptation of gap duration without change of periodicity using lower layer signalling mechanism.
Proposal 5: RAN2 to provide signalling mechanisms to allow the UE’s early return and NTWK-A’s possibility to schedule traffic in the remaining (non-used) part of the gap. 
Proposal 6: RAN2 to provide means to partially accept a requested gap by directly configuring gap with reduced periodicity/time or provide assistance information along with the reject to UE and allow the UE to request different pattern.
Switching Procedure for leaving connected state
Observation 5: AS and NAS level interaction is needed to indicate leave on RRC connection. 
Observation 6: In some scenarios, the UE may need to start the connection setup procedure quickly due to latency requirements without waiting for network response even for a preconfigured time.
Proposal 7: Leave indication for UE switching to NTWK-B without response from NTWK-A should be supported to minimize the delay in switching to another network for connection establishment. 
Proposal 8: RAN2 discuss the RRC Configuration of the UE behaviour when it switches from NTWK-A without waiting for network response.
Proposal 9: RAN2 to discuss pre-configuration of the UE with the state the UE should move to after providing leave indication. 
Switching Procedure for Dual Connectivity Scenario
Proposal 10: Switching notification at connected mode network with dual connectivity without fully leaving the network should be supported.
Proposal 11: In Switching Notification in dual connectivity scenario the signaling procedure should support configuration of single connectivity with control to release any of the cell groups.  FFS the factors deciding the cell group to be released.
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