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1. [bookmark: _Ref466049030]Introduction
[bookmark: _Ref458784108][bookmark: _Ref489281230]Multi-SIM WID [1] identifies the following objective:
	· [bookmark: OLE_LINK119][bookmark: OLE_LINK120]Mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose):
· 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


During RAN2#112e, the following agreements regarding above objective were reached [2]:
· RAN2 will continue to discuss RRC-based switching/leaving and returning procedure in 5GS/NR when UE is in RRC_CONNECTED. There may be different mechanisms (short/long, leaving/returning, etc.).
· 1a: The sub-Case 3-1 is supported in WI, i.e., the switching/leaving and returning procedure in 5GS/NR when UE is in RRC_CONNECTED includes the case where Dual-RX/Single-TX UE is in RRC_CONNECTED state in NW A while performing only reception in NW B (i.e., in RRC_idle State and RRC inactive state). 
· 1b: For Sub-Case 3-1, whether the Rx capability coordination between UE and NW is needed can be decided after the RRC-based switching/leaving and returning procedure is defined. 
· 2: The Sub-Case 3-2, i.e., Dual-RX/Single-TX UE stays in RRC_CONNECTED mode in NW A while performing reception and transmission in NW B (in RRC_ CONNECTED or during RRC setup/resume period), is not considered in the WI from RAN2 viewpoint. Scheduling gap is not excluded.

· During RAN2#113e [4] and RAN2#113bis-e [5], the following agreements were reached:
· Switching procedure can be used to notify network A that the UE has a preference to leave RRC_CONNECTED state in network A.
· 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.

· 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.
· 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.
· Only support NAS-based busy indication (for IDLE and INACTIVE).

Given above agreements, this contribution evaluates potential solutions for short- and long-time switching. 
2. [bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK98][bookmark: OLE_LINK99]Discussion
This contribution considers the scenario where a multi-SIM UE is in RRC connected state in one network and needs to performs tasks in another network. The tasks to be performed could be idle-mode monitoring tasks such as monitoring paging occasions, or performing short signalling for TAU and RNAU, or a longer leave e.g for initiating a PDU session. An intentional leave by the UE without notifying the first network could cause waste of the resources of the first network, and depending on what procedures the first network performs after the UE absence, such leave could affect network statistics negatively.

The second objective in the WID [1] seeks mechanisms for UE to notify a network of its switch from the network. Such mechanism enables a UE to leave a network in coordination of the network, where the leave may be a short or long leave, periodic or aperiodic. 


Short-time vs long-time network switching 

In the earlier meetings, discussion for network switching were with respect to short- vs long-leave. While there was no formal definition, short- vs long-switch were distinguished as follows: 
· Short-time switching: where the UE tunes its receiver, and sometimes its transmitter to a second network, for a short duration, while staying in Connected mode in the first network. Core network may not have visibility into switching at RAN-level.
· In one category the UE switches to the other network for a deterministic duration to perform reception for a short duration, e.g., to monitor pages or to perform cell measurement on network B. This category is identified with a deterministic duration, a periodic pattern, and the fact that only the UE’s receiver tunes to the second network.
· In another category, the UE switches to the other network to perform reception and transmission for a short duration, e.g., to update TA or RNA, or to send busy indication. Since the time to receive appropriate response from the second network is not deterministic, this category is identified with a relatively random switch duration, and the fact that both the transmitter and receiver of the UE tune to the second network. The upper bound of the switch duration are FFS. This category is identified with a less deterministic duration, a periodic or aperiodic pattern, and the fact that only the UE’s receiver and transmitter tunes to the second network.
· Long-time switching: where the UE tunes its transmitter and receiver for a long and nondeterministic duration to a second network, while leaving the Connected mode in the first network. Core network is aware that UE performs long-time switching.

During RAN2#113e [4], above two categories were defined based on the whether the UE stays or leaves the RRC-Connected state in the first network, where for a short switch the UE is preferred to stay in the RRC-Connected state, and for the long switch the UE is better off to leave the RRC-Connected state and avoid more frequent signalling with the first network.  

The authors are of the opinion that the UE is in the best position to determine the type of switch it should perform, what classifies as short vs long duration e.g., whether to stay or leave RRC-Connected state, and which task falls into which category. The network supporting MUSIM feature ought to accommodate specific behaviors for both cases.


[bookmark: OLE_LINK125][bookmark: OLE_LINK126]Network switching while UE stays in RRC-Connected

During RAN2#113bis-e, it was agreed that, as a baseline, RRC signaling is used for switching procedure without leaving RRC_CONNECTED state in the first network [5]. 
To address above, a UE may notify the first network of the leave by seeking a scheduling gap from the network. Such scheduling gap has similarity with measurement gap that currently is specified. During such gap, the gNB is aware of the unavailability of the multi-SIM UE and avoids any scheduling for the UE. The UE should be in the position to request the attributes of the scheduling gap, i.e., the gap length, periodicity and offset.     

[bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK144][bookmark: OLE_LINK155][bookmark: OLE_LINK11][bookmark: OLE_LINK162][bookmark: OLE_LINK163]Proposal 1: RAN2 should consider using existing procedures, such as measurement gaps, to address short-time switching. FFS possibility to enhance the gap length, periodicity and offset. 

To address various tasks for short-time switching, a UE may be configured with multiple measurement gaps with various attributes. Each measurement gap may be activated/activated via MAC CE. 

Proposal 2: To address various tasks for short-time switching, a UE may be configured with multiple measurement gaps with various attributes. Each measurement gap may be activated/activated via MAC CE. 
  
Other applications of short-time switch are mobility management such as TAU and RNA or SM signalling. Such signalling is less attributed with a precise periodicity and would take longer than a paging monitoring. Also, as defined above, during such signalling both RX and TX of a multi-SIM UE tunes away from the first network. In a recent email discussion, such short-time switch is referred to as one-shot short-time switch. We suggest that similar to periodic short-time switching procedure, measurement gap may be used for one-shot/aperiodic short-time switch (where the periodicity attribute is set appropriately). Additionally, MAC signalling maybe used for activation of a previously-configured measurement gap so that the UE performs a one-shot/aperiodic short-time switch.    

Proposal 3: Similar to periodic short-time switching procedure, measurement gap procedure may be used for one-shot/aperiodic short-time switch. 

Proposal 4: MAC signalling maybe used for activation of a previously-configured measurement gap so that the UE performs a one-shot/aperiodic short-time switch.   

Other existing procedures that may be used to accommodate short-time switching are UE Assistance Information RRC signaling and Overheating Assistance procedure. For instance, UE Assistance Information RRC signaling can be reused for one-shot short-time switching where a UE can inform gNB of the expected duration that tunes to the second network, along with any reduced transmitter and/or receiver capability that UEAssistanceInformation signaling supports.
 
[bookmark: OLE_LINK156][bookmark: OLE_LINK157]For UEs with multiple RF chains to be able to perform additional transmission or reception in a second network, the UE has to make sure that the first network is not expecting all RF chains to be in service for the first network. For instance, for a UE to use one of its RF chains on a second network during a short-time switch, it’d suffice for the UE to let the first network know that some of the RF chains are not available for an upcoming interval. UE assistance information or overheating assistance framework may be used to allow gNB to temporarily free up RF resources from PHY control. Another example where UE assistant information would be helpful is where a 2-RX multi-SIM UE is in RRC connected state on both networks and the combined instantaneous downlink data from both networks may exceed the L1/L2 buffer capacity of the UE. To avoid buffer overflow, and minimizing packet discarding in the L2 buffer, the UE may manage its buffer size by scaling down its available L2 buffer and indicating so to both networks.

Network switching while UE leaves RRC-Connected

Beside short duration leaves, a UE may be required to maintain a session for a long-term activity on the second network. Without notifying the first network of the leave, the network would go through various procedures, at RAN and core sides, that eventually waste the resources and affects the network’s statistics negatively. Therefore, it’s desired if the UE notifies the first network of a long-term leave before switching to the second network.

The distinction between a short vs long leave may not be possible for a multi-SIM UE at first, and it is possible to encounter cases where a UE decides on a short leave but due to the activity on the second network the leave might take longer. Regardless of whether there is an initial short-time switch or not, a UE automatously transitioning to RRC idle state (in the first network) impacts the network negatively, e.g., missing downlink and/or uplink signalling, hence RAN2 should aim for solutions that properly transition a UE to RRC idle for a long-time switch.

During RAN2#113bis-e, it was also agreed that 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 [5]. We believe that this configured time period should be long enough to avoid frequent UE switching to RRC_IDLE without the network knowledge. 

Proposal 5: UE autonomously transitioning from Connected mode to RRC Idle/Inactive mode (in the first network) impacts the network negatively, hence autonomous transition to RRC_IDLE should either be entirely avoided, or if permitted it should occur after a long enough period to avoid frequent UE switching to RRC_IDLE without the network knowledge.

Furthermore, for a UE in RRC_INACTIVE state, it seems most efficient that if the UE should wait for the network response before leaving the network. However, this should be further evaluated when a decision on NAS- vs AS-based procedure for long-leave is decided.

NAS- vs AS-based solution when UE leaves RRC-Connected & switches network

The debate for long-time switch has been around whether RRC- or NAS-based solutions should be used. SA2 has also debated extensively on the applicability of both types of solutions [3] and it appears that SA2 has not concluded its debate on this regard. We believe that RAN2 should debate the effectiveness and applicability of RRC- vs NAS-based solutions for long-time switching. 

For instance, during a long-time switch, if specific PDUs need be suspended, then RRC-only solution is not feasible, without breaking layer separation. In such cases, core-based Suspend and Resume on a per PDU session basis should be used. Therefore, we believe that for a selective suspension of PDU sessions in the first network in a long-time switch, NAS-based solution is preferred. Hence, we suggest that RAN2 to send an LS to SA2 and indicate such preference. 

Observation 1: During a long-time switch to a second network, an RRC-based procedure is ineffective in properly suspending specific PDU sessions in the first network, without breaking layer separation.

[bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK176]Proposal 6: For a selective suspension of PDU sessions in the first network in a long-time switch, NAS-based solution is preferred. Hence, we suggest that RAN2 to inform SA2 of such preference. 
[bookmark: OLE_LINK151][bookmark: OLE_LINK152]  
3. [bookmark: OLE_LINK106][bookmark: OLE_LINK107]Conclusion
Proposal 1: RAN2 should consider using existing procedures, such as measurement gaps, to address short-time switching. FFS possibility to enhance the gap length, periodicity and offset. 

Proposal 2: To address various tasks for short-time switching, a UE may be configured with multiple measurement gaps with various attributes. Each measurement gap may be activated/activated via MAC CE. 

Proposal 3: Similar to periodic short-time switching procedure, measurement gap procedure may be used for one-shot/aperiodic short-time switch.     

Proposal 4: MAC signalling maybe used for activation of a previously-configured measurement gap so that the UE performs a one-shot/aperiodic short-time switch.   

Proposal 5: UE autonomously transitioning from Connected mode to RRC Idle/Inactive mode (in the first network) impacts the network negatively, hence autonomous transition to RRC_IDLE should either be entirely avoided, or if permitted it should occur after a long enough period to avoid frequent UE switching to RRC_IDLE without the network knowledge.

Observation 1: During a long-time switch to a second network, an RRC-based procedure is ineffective in properly suspending specific PDU sessions in the first network, without breaking layer separation.

Proposal 6: For a selective suspension of PDU sessions in the first network in a long-time switch, NAS-based solution is preferred. Hence, we suggest that RAN2 to inform SA2 of such preference. 
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