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Introduction
In this contribution, we present our views on the signalling aspects of MUSIM network switching, including UE – NW capability exchange to align on the attributes that UE can send while requesting for a switch.
From the RAN2#113 Electronic meeting, the following agreements were made with respect to the MUSIM Network Switching work item [1].
Agreements

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.

Subsequently, in the RAN2#113bis Electronic meeting, the following agreements were made with respect to the MUSIM network switching work item [2].
Agreements
	
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. 

Agreements

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





In the last RAN2#114 Electronic meeting, the following agreements were made with respect to the MUSIM network switching work item [3].
1: RRC signalling 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.
4: 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 
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:
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.
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Network Switching Signalling Aspects
It is clear that a graceful switching mechanism has to be defined and standardized to ensure that both the MUSIM UE and the network are in sync about their respective RRC states, during the course of MUSIM network switching from one NW A onto the another NW B. Prior to any UE – NW signalling for MUSIM network switching purpose, it is essential that both UE and NW are aligned on the UE’s MUSIM capability, and the set of attributes based on which UE can send a NW switching request. The set of attributes requested as part of the switching request can include,
· Whether the NW allows the UE to request for a specific RRC State (IDLE/INACTIVE/CONNECTED) 
· Whether the NW allows the UE to request for a duration of switch
· Whether the NW allows the UE to indicate a cause for the switch (e.g. Signalling, Voice Call etc)
· Whether the NW allows the UE to request for a one time (e.g. due to a service recovery on the other SIM instance)
· Whether the NW allows the UW to request for a periodic switch (similar to gap patterns) (e.g. for periodic IDLE/INACTIVE page monitoring on the other SIM instance)
The attributes based on which the NW can allow the MUSIM UE to request for Network Switching can be informed by the NW as part RRC signaling (e.g MUSIM specific SIB or  OtherConfig IE  in RRC Reconfiguration)
Observation 1 : UE and NW can align on the set of attributes based on which the UE is allowed to request for graceful Network switching.
Proposal 1 : UE and NW can exchange MUSIM and Network switching attribute as part of initial capability handshake (either via SIB or RRCReconfiguration)
MUSIM Scheduling Gaps
As part of Network Switching of a RRC CONNECTED MUSIM UE from NW A to NW B, two cases have to be considered depending on the state of the RRC CONNECTION in NW A after the switch.
Case 1 : MUSIM UE in RRC CONNECTED state on NW A, temporarily switches to NW B and returns back to NW A without leaving the RRC CONNECTED state on NW A. This is primarily for cases when there is a IDLE/INACTIVE DRX page monitoring occasion on NW B or Serving/Neighbour cell measurements on NW B or SI read on NW B. Typically in these cases, the UE does only Rx activity on NW B and does not trigger any Tx activity. The nature of this switching from NW A to NW B can be either periodic (e.g. Page Decode) or aperiodic (e.g. SI read)
Case 2 : MUSIM UE in RRC CONNECTED state on NW A, switches to NW B by leaving the RRC CONNECTED state on NW A. This is primarily for cases when there is a need to establish another RRC CONNECTION on NW B, for example voice call on NW B, periodic TAU/RNAU signalling on NW B etc. 
In Case 1, when the MUSIM UE has to retain its RRC CONNECTED mode of operation on NW A both prior and after the Network switch, the concept of MUSIM Scheduling Gaps can be an effective mechanism to achieve this network switching. A MUSIM UE is configured by NW A with different MUSIM scheduling gap patterns, which then can be requested to be activated by  on the intended use case with NW B. Once the intended activity is completed on NW B, MUSIM UE returns back to RRC CONNECTED state on NW A.
The following figure shows a high level flow between MUSIM UE, NW A and NW B.
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If the nature of the activity to be performed on NW B is repetitive (IDLE/INACTIVE Page monitoring, Serving/Neighbour Cell Measurements), then the MUSIM scheduling gaps can be configured to be periodic in nature. On the other hand if the nature of activity on NW B is one time, and not very often repetitive (SI Read, PLMN search), then the configured scheduling gaps can be aperiodic. Given that a MUSIM UE can do activities which are either periodic or aperiodic in nature, there should be atleast one type of each scheduling gap that should be configured by NW A. 
Observation 2 : MUSIM Scheduling Gaps provide an efficient way to switch from NW A to NW B without leaving the RRC CONNECTED state on NW A.
Observation 3 : Depending on the nature of protocol activity to be performed in NW B, while staying in RRC CONNECTED state on NW A, the MUSIM Scheduling Gaps can be either periodic or aperiodic.
Observation 4 : Different use cases on NW B would warrant different types of periodic or aperiodic MUSIM scheduling gaps with atleast one type of each of periodic and aperiodic gaps.
Proposal 2 :  MUSIM UE should have RRC signalling with NW A to request for atleast one (if not more than one) set of periodic and aperiodic gaps.
From the basic use case defined, it is clear that the MUSIM UE is already in RRC CONNECTED state on NW A, while attempting to switch to NW B with which it is in IDLE/INACTIVE RRC state. Assuming prior capability exchange between MUSIM UE and NW A are done with respect to MUSIM Network Switching capability, MUSIM UE in RRC CONNECTED state on NW A can use the existing UEAssistanceInformation signalling framework to request for this Network Switch. The reason for using this framework is 
· It is an existing framework and is readily available for RRC CONNECTED MUSIM UE on NW A
· Allows the UE to request for specific switching parameters like
· Type of Switch - Periodic/Aperiodic
· Periodicity in case of Periodic Switch Type
· Reason for Switch – If needed
· Allows the Network to control what type of switching is allowed based on a prior RRCReconfiguration message
· Allows the Network to control the switching request in terms of an associated Prohibit timer for UEAssistanceInformation message.
The following figure gives a potential RRC signalling sequence for this case 1.
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For the case 2 described earlier when the MUSIM UE has to leave the RRC CONNECTED state on NW A, the same UEAssistanceInformation signalling message provides the necessary framework to request the NW A to release the MUSIM UE from RRC CONNECTED to either RRC IDLE/RRC INACTIVE state. This is similar to the releasePreference option defined for NR UE Power Saving in Release 16. 
In order to ensure a reasonable delay to setup the RRC CONNECTION on NW B, while the MUSIM UE is still waiting for a response for the Network Switching request from NW A, a new MUSIM specific timer can be introduced in RRC. The timer is started when the MUSIM UE sends a Network Switching request using UEAssistanceInformation to NW A to leave RRC CONNCTED. This timer is stopped when MUSIM UE receives a RRCRelease from NW A. In cases, this timer expires, MUSIM UE can autonomously transition from RRC CONNECTED to RRC IDLE state on NW A.
Observation 5 : UEAssistanceInformation signalling message provides a scalable framework between MUSIM UE and NW A to request for network switching without leaving RRC CONNECTED state on NW A.
Observation 6 : RRC signalling for MUSIM Network Switching allows the UE to request for a preferred RRC state using UEAssistanceInformation. MUSIM UE can indicate its preferred RRC state after leaving RRC CONNECTED state for the purpose of Network Switching. 
Proposal 3 :  Define UEAssistanceInformation as the preferred signalling mechanism to request for MUSIM Scheduling Gaps to help in MUSIM Network Switching.
Proposal 4 : Define a new timer to protect the Network Switching request from MUSIM UE to NW A. On expiry of this timer, MUSIM UE can switch to RRC IDLE state on NW A, and proceed with the impending activity on NW B.
Once the MUSIM Scheduling gaps are configured by the NW A, it is clear that the MUSIM UE is going to use the periodic gaps every so often, while the aperiodic gaps would be used only infrequently. So there should be a mechanism for the MUSIM UE to indicate to NW A that a previously configured aperiodic gap to be activated. This can be done using MAC CE as this ensures lower switching latency.
Observation 7 : Periodic gaps once configured can be used by the MUSIM UE frequently, while aperiodic gaps would be used by the MUSIM UE infrequently.
Proposal 5 : Define that periodic gaps once configured are assumed to be activated till explicitly deconfigured.
Proposal 6 : Define a mechanism (e.g. MAC CE approach) with which MUSIM UE can activate a previously configured (by RRC Signalling) aperiodic MUSIM scheduling gaps.
In certain scenarios, the MUSIM UE might have to cancel all the previously configured MUSIM scheduling gaps. This can be in cases like the second SIM on NW B is either deactivated or goes out of service or for any UE specific implementation scenario. In such cases, there should be RRC signalling using UEAssistanceInformation defined to request for cancelling the previously requested/configured periodic and/or aperiodic MUSIM scheduling gaps.
The following figure gives a potential RRC signalling sequence for both  case 1 and case 2 when the MUSIM UE has to request to deactivate a previously configured set of scheduling gaps.
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Observation 8 : Protocol scenarios on MUSIM UE with NW B might warrant the MUSIM UE to request to NW A to deactivate/deconfigure a previously activated/configured periodic and/or aperiodic MUSIM scheduling gaps.
Proposal 7 : Define a RRC Signalling mechanism using UEAssistanceInformation with which MUSIM UE can request to deactivate a previously configured (by RRC Signalling) periodic and/or aperiodic MUSIM scheduling gaps with NW A.
Conclusion
Observation 1 : UE and NW can align on the set of attributes based on which the UE is allowed to request for graceful Network switching.
Proposal 1 : UE and NW can exchange MUSIM and Network switching attribute as part of initial capability handshake (either via SIB or RRCReconfiguration)
Observation 2 : MUSIM Scheduling Gaps provide an efficient way to switch from NW A to NW B without leaving the RRC CONNECTED state on NW A.
Observation 3 : Depending on the nature of protocol activity to be performed in NW B, while staying in RRC CONNECTED state on NW A, the MUSIM Scheduling Gaps can be either periodic or aperiodic.
Observation 4 : Different use cases on NW B would warrant different types of periodic or aperiodic MUSIM scheduling gaps with atleast one type of each of periodic and aperiodic gaps.
Proposal 2 :  MUSIM UE should have RRC signalling with NW A to request for atleast one (if not more than one) set of periodic and aperiodic gaps.
Observation 5 : UEAssistanceInformation signalling message provides a scalable framework between MUSIM UE and NW A to request for network switching without leaving RRC CONNECTED state on NW A.
Observation 6 : RRC signalling for MUSIM Network Switching allows the UE to request for a preferred RRC state using UEAssistanceInformation. MUSIM UE can indicate its preferred RRC state after leaving RRC CONNECTED state for the purpose of Network Switching. 
Proposal 3 :  Define UEAssistanceInformation as the preferred signalling mechanism to request for MUSIM Scheduling Gaps to help in MUSIM Network Switching.
Proposal 4 : Define a new timer to protect the Network Switching request from MUSIM UE to NW A. On expiry of this timer, MUSIM UE can switch to RRC IDLE state on NW A, and proceed with the impending activity on NW B.
Observation 7 : Periodic gaps once configured can be used by the MUSIM UE frequently, while aperiodic gaps would be used by the MUSIM UE infrequently.
Proposal 5 : Define that periodic gaps once configured are assumed to be activated till explicitly deconfigured/deactivated.
Proposal 6 : Define a mechanism (e.g. MAC CE approach) with which MUSIM UE can activate a previously configured (by RRC Signalling) aperiodic MUSIM scheduling gaps.
Observation 8 : Protocol scenarios on MUSIM UE with NW B might warrant the MUSIM UE to request to NW A to deactivate/deconfigure a previously activated/configured periodic and/or aperiodic MUSIM scheduling gaps.
Proposal 7 : Define a RRC Signalling mechanism using UEAssistanceInformation with which MUSIM UE can request to deactivate a previously configured (by RRC Signalling) periodic and/or aperiodic MUSIM scheduling gaps with NW A.
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