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Introduction
Multi-SIM devices have proven to be very popular in certain cellular markets owing to the flexibility it provides to the user to manage multiple SIM subscriptions in the same physical device. Different flavours of Multi-SIM implementation are commercially available, based on the Radio Access Technology combinations that each SIM instance can support, or based on the number of concurrent Transmit and/or Receive chains that are possible to be handled. 
Until 3GPP R17, commercially available Multi-SIM solutions are primarily based of UE proprietary implementations, leading to varied UE side behaviour and inconsistent user experience. A new work item on standardizing Multi-SIM behaviour was approved [1] and this work item covers one of the important aspects of Multi-SIM which deals with network switching of Multi-SIM devices.
As indicated before there can be multiple flavours of Multi-SIM implementation. Specifically based on the number of concurrent Transmit and/or Receive chains that are possible, the following combinations are most prevalent UE architecture for Multi-SIM. Note for the case of generality the paper refers to Multi-SIM, but commercial UE implementations typically have two SIM instances (Dual-SIM).
· Single-Rx / Single-Tx
· One single Rx/Tx that is shared across the two SIM instances, allowing the MUSIM UE to receive traffic from only one network at a time and transmit traffic to only one network at a time.
· Dual-Rx / Single-Tx
· Each SIM instance has its own dedicated Rx, and One single Tx chain that is shared across the two SIM instances, thereby allowing the MUSIM UE to receive traffic from both networks at a time and transmit traffic to only one network at a time.
· Dual-Rx / Dual-Tx
· Each SIM instance has its own dedicated Rx and Tx, thereby allowing the MUSIM UE to transmit and receive traffic to their respective networks simultaneously. 
In the context of the current discussion, we will analyse the issue of network switching for Multi-SIM devices, the challenges that are seen in current implementation and proposals to address those challenges.
[bookmark: _Toc242573354]Discussion
The issue of MUSIM network switching is presented as Key Issue#3 in [2], which in turn maps to the following WID objective in [1]
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
Network Switching use cases and issues
Current MUSIM implementations have proprietary mechanisms to switch back and forth across the two networks in which the MUSIM UE SIM instances are currently camped. Typically this network switching is done without any explicit signalling to their respective networks. For example for the cases when both SIM instances are camped in IDLE/INACTIVE state in their respective networks, the MUSIM UE can periodically switch networks  to decode the respective paging occasion on each SIM instance. Since each SIM instance is in IDLE/INACTIVE mode, no explicit indication is required to the respective networks.
In other cases, when one of the SIM instance (1) is in CONNECTED state with its network (A), while the other SIM instance (2) is in IDLE/INACTIVE state with its network (B). In cases, when a higher priority activity is triggered on SIM instance (2),  current MUSIM implementations would locally suspend the CONNECTED mode activity on SIM instance (1) and do a network switching without indicating any signalling with network (A), thereby leading to potential RRC state mismatch between the SIM instance (1) and its network (A).  The RRC state mismatch is because, SIM instance (1) which is being suspended while in RRC CONNECTED state, does a local release of the RRC connection, and on resumption goes into RRC IDLE state. The network (A) on the other hand assumes that the SIM instance (1) is in RRC CONNECTED state.  A sample scenario is illustrated below in Figure 1.
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Figure 1: CONNECTED / IDLE RRC State Mismatch Issue

Similarly, when one of the SIM instances (1) is in INACTIVE state with network (A), while the other SIM instance (2) is in IDLE state with its network (B), any high priority activity on SIM instance (2) would force it to enter CONNECTED state with its network (B). In such cases, the SIM instance (1) which is in INACTIVE state, will be locally suspended, pending completion of the higher priority activity on SIM instance (1). At this point, SIM instance (2) would enter CONNECTED state, and any INACTIVE state paging to SIM instance (1) would not be received by the MUSIM UE. As a result, network (A) might potentially transition the SIM instance (1) to IDLE state. In the meantime, after completion of high priority activity on SIM instance (2) when the SIM instance (1) is locally resumed, it will go back to INACTIVE state, and there is a potential RRC state mismatch between SIM instance (1) and network (A). A sample scenario is illustrated below in Figure 2.
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Figure 2: INACTIVE / CONNECTED RRC State Mismatch Issue
Note that the high priority activity on SIM instance (2) can be a periodic page monitoring (for voice and/or data) or a user triggered activity that requires SIM instance (2) to enter into CONNECTED state or autonomous UE activity like OOS search, background PLMN search, high priority PLMN search etc. 
This kind of abrupt network switching leads to 
· Radio resource wastage as network (A) would still assume that SIM instance (1) is connected to it, whereas the MUSIM UE is actually switched to network (B). 
· Poor network KPIs due to the MUSIM UE SIM instance (1) suddenly “disappearing” from network (A).
· Suboptimal UE performance in SIM instance (1), due to frequent interruptions from the other SIM instance (2) (e.g.) Degraded throughput performance in SIM instance (1)
· RRC state mismatch between UE SIM instance (1) and network (A)

Observation 1: There are use cases when one SIM instance is in CONNECTED state, and other SIM instance is in IDLE/INACTIVE state, uninformed network switching between SIM instances can lead to poor UE and NW performance and degraded KPIs.
Observation 2: There are use cases when one SIM instance is in INACTIVE state, and other SIM instance is in IDLE/INACTIVE state, uninformed network switching between SIM instances can lead to poor UE and NW performance and degraded KPIs.
Proposal 1: 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 suspension and resumption.
Network Switching Strategies and Solutions
In order to implement the requirement from proposal 1, several solution schemes are possible. At the outset, the MUSIM UE SIM instance (1) has to indicate to its network (A) that it is getting suspended, and the reason for the suspension is a MUSIM activity on the other SIM instance (2). At the end of the MUSIM activity on the other SIM instance (2), the suspended SIM instance (1) has to indicate resumption to network (A). Indicating to the network the MUSIM suspension/resumption event, along with an appropriate cause in a graceful way to ensure that the potential drawbacks as discussed earlier are avoided, and also to ensure a standardized MSUIM suspension/resumption signalling framework is available.
Observation 3: If MUSIM UE indicates to its camped network the occurrence of MUSIM suspension and resumption, then network switching across SIM instances would be done gracefully.
Proposal 2: New signalling should be defined between MUSIM UE and network for graceful MUSIM suspension and resumption.
The details of how the signalling for this suspension/resumption is dependent on the current RRC state of the SIM instance which is requesting its camped network for the MUSIM suspension.
For the case of MUSIM UE SIM instance (1) in CONNECTED state, being suspended due to a higher priority activity on UE SIM instance (2), which is in IDLE/INACTIVE state, the following approach is proposed. In this case, since UE SIM instance (1) is already in CONNECTED state, it can reuse the MUSIM UE ASSISTANCE INFORMATION (MUSIM UAI) based signalling approach to indicate to its network (A), the following attributes of MUSIM suspension (including but not limited to)
· MUSIM suspension cause (e.g. Voice call on other SIM instance, High Priority Data on other SIM instance etc)
· Suspended RRC state preference indicating the preferred suspended state for UE SIM instance (1)  (e.g. RRC IDLE or RRC INACTIVE)
· Suspension duration for the CONNECTED state activity on SIM instance (1), after which the suspended SIM instance can be moved to RRC IDLE state from its camped network (A) perspective This is if the suspended SIM instance state was previously RRC INACTIVE immediately after being suspended.

With these above suspension attributes signalled to the network, both the suspending SIM instance and its camped network are in sync during the entire suspension duration.

Observation 4: MUSIM UE in CONNECTED state need to signal some key MUSIM suspension attributes to help in graceful network switching. 
Proposal 3: MUSIM UE in CONNECTED state, can reuse the UE ASSISTANCE INFORMATION signalling approach to signal the MUSIM Suspension attributes to the network to help in graceful network switching.
For the case of MUSIM UE SIM instance (1) in INACTIVE state, being suspended due to a higher priority activity on UE SIM instance (2), which is in IDLE/INACTIVE state, the following approach is proposed. In this case, since UE SIM instance (1) is already in INACTIVE state, it can reuse the existing RRC RESUME REQUEST based signalling approach to indicate to its network (A), the following attributes of MUSIM suspension (including but not limited to)
· MUSIM suspension cause (e.g. Voice call on other SIM instance, High Priority Data on other SIM instance etc)
· Suspended RRC state preference indicating the preferred suspended state for UE SIM instance (1)  (e.g. RRC IDLE or RRC INACTIVE)
· Suspension duration for the INACTIVE state on SIM instance (1), after which the suspended SIM instance can be moved to RRC IDLE state from its camped network (A) perspective This is if the suspended SIM instance state still continued to be in RRC INACTIVE immediately after being suspended and was not immediately moved to RRC IDLE at suspension trigger.

With these above suspension attributes signalled to the network, both the suspending SIM instance and its camped network are in sync during the entire suspension duration.
Observation 5: MUSIM UE in INACTIVE state need to signal some key MUSIM suspension attributes to help in graceful network switching. 
Proposal 4: MUSIM UE in INACTIVE state, can reuse the RRC RESUME REQUEST signalling approach to signal the MUSIM Suspension attributes to the network to help in graceful network switching.
To handle the case of resumption, post suspension due to MUSIM, the resumption strategy would depend on the current RRC state of the suspended SIM instance.
· In case, the suspended SIM instance is in RRC INACTIVE state, the MUSIM UE can use the RRC RESUME REQUEST with the cause rnaUpdate as a means to ensure RRC state synchronization with its respective network.
· In case, the suspended SIM instance is in RRC IDLE state, the MUSIM UE can use the legacy RRC CONNECTION SETUP procedures, to trigger any future state transitions out of RRC IDLE. 
Observation 6: Post suspension, the resumption of the suspended MUSIM instance is dependent on the current suspended UE SIM instance state (INACTIVE or IDLE).
Proposal 5: A MUSIM UE SIM instance which is suspended and is in RRC INACTIVE state can use the RRC RESUME REQUEST with cause rnaUpdate as a means to ensure RRC state synchronization with its network.
Proposal 6: A MUSIM UE SIM instance which is suspended and is in RRC IDLE state can use the legacy RRC CONNECTION SETUP procedures to trigger any future state transitions out of RRC IDLE.
Minimizing interruptions due to suspended SIM instance in RRC INACTIVE state
A MUSIM UE SIM instance which is in RRC INACTIVE state during the course of it suspension (which has been triggered due to the higher priority activity on the other SIM instance), would be running an instance of timer T380. On the expiry of the timer T380, it is expected that this SIM instance for which the timer T380 has expired, shall trigger the periodic RNA update. 
The value of T380 in MUSIM use cases needs to be carefully assigned. The value of this timer should be large enough to allow reasonable time for the suspended SIM instance to be in RRC INACTIVE state till the time it is resumed, without running the risk of network moving this SIM instance to RRC IDLE, due to the fact that it did not receive a RNA update from the UE. This in turn would again lead to a RRC state mismatch issue between MUSIM UE and Network.
Also, it is to be noted that the basic premise of this SIM instance being suspended and moving into RRC INACTIVE is to ensure that this SIM instance does not interfere with the ongoing higher priority activity on the other SIM instance. So, any periodic RNA update activity triggered would result in counter suspension procedures and can lead to ping-pong suspension/resumption scenarios, which should be avoided if possible. 
In order to address the scenarios as above, network can configure a higher value of T380 for those devices which are suspended due to MUSIM cause and are in RRC INACTIVE state. 
Observation 7: A MUSIM UE SIM instance suspended due to MUSIM cause, and in RRC INACTIVE state, when its timer T380 expires can result in either network moving the UE to RRC IDLE during the suspension duration or in ping-pong suspension/resumption scenarios, which should be avoided.
Proposal 7: Networks can configure a higher value for T380 as part of the suspend configuration, while configuring the MUSIM UE SIM instance to RRC INACTIVE state.
As outlined in [3], and based on the observations and proposals listed above, it is imperative that a proper signalling mechanism is required between MUSIM UE and network. Also network being made aware of the MUSIM capability of the UE would help to coordinate this proposed signalling between UE and NW.
Observation 8: To address MUSIM coordination issues like graceful network switching, it is beneficial for the UE to indicate its MUSIM capability to network, to help in proper coordination between UE and network for MUSIM use cases
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Proposal 8: UEs can indicate their MUSIM capability to NW as part of its UE Capability.
The success of this graceful network switching would depend on the network side capability of whether it supports such features, including but not limited to handling of key MUSIM suspension/resumption attributes as part of the initial request for network switching. Apart from this there could be other MUSIM specific configuration parameters that the MUSIM UEs would be interested in, which needs to be signalled to each and every MUSIM UE. Instead, an optimal way would be to group together such MUSIM specific parameters in its own standalone new system information block (SIB), which all the interested MUSIM UEs can acquire (either as default broadcast or as on-Demand). This is in line with existing SIB12 for NR SL, SIB13 for V2X SL etc. This will also allow for extension and support for any future MUSIM features.
Observation 9: All MUSIM UEs would be interested to know the support for graceful network switching and other MUSIM specific suspension/resumption attributes from network perspective. It would be optimal to include such information as part of a new SIB which can be default broadcast or acquired on-Demand.
Proposal 9: Introduce a new MUSIM specific SIB type 
Conclusion
Observation 1: There are use cases when one SIM instance is in CONNECTED state, and other SIM instance is in IDLE/INACTIVE state, uninformed network switching between SIM instances can lead to poor UE and NW performance and degraded KPIs.
Observation 2: There are use cases when one SIM instance is in INACTIVE state, and other SIM instance is in IDLE/INACTIVE state, uninformed network switching between SIM instances can lead to poor UE and NW performance and degraded KPIs.
Proposal 1: 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 suspension and resumption.
Observation 3: If MUSIM UE indicates to its camped network the occurrence of MUSIM suspension and resumption, then network switching across SIM instances would be done gracefully.
Proposal 2: New signalling should be defined between MUSIM UE and network for graceful MUSIM suspension and resumption.
Observation 4: MUSIM UE in CONNECTED state need to signal some key MUSIM suspension attributes to help in graceful network switching. 
Proposal 3: MUSIM UE in CONNECTED state, can reuse the UE ASSISTANCE INFORMATION signalling approach to signal the MUSIM Suspension attributes to the network to help in graceful network switching.
Observation 5: MUSIM UE in INACTIVE state need to signal some key MUSIM suspension attributes to help in graceful network switching. 
Proposal 4: MUSIM UE in INACTIVE state, can reuse the RRC RESUME REQUEST signalling approach to signal the MUSIM Suspension attributes to the network to help in graceful network switching.
Observation 6: Post suspension, the resumption of the suspended MUSIM instance is dependent on the current suspended UE SIM instance state (INACTIVE or IDLE).
Proposal 5: A MUSIM UE SIM instance which is suspended and is in RRC INACTIVE state can use the RRC RESUME REQUEST with cause rnaUpdate as a means to ensure RRC state synchronization with its network.
Proposal 6: A MUSIM UE SIM instance which is suspended and is in RRC IDLE state can use the legacy RRC CONNECTION SETUP procedures to trigger any future state transitions out of RRC IDLE.
Observation 7: A MUSIM UE SIM instance suspended due to MUSIM cause, and in RRC INACTIVE state, when its timer T380 expires can result in either network moving the UE to RRC IDLE during the suspension duration or in ping-pong suspension/resumption scenarios, which should be avoided.
Proposal 7: Networks can configure a higher value for T380 as part of the suspend configuration, while configuring the MUSIM UE SIM instance to RRC INACTIVE state.
Observation 8: To address MUSIM coordination issues like graceful network switching, it is beneficial for the UE to indicate its MUSIM capability to network, to help in proper coordination between UE and network for MUSIM use cases
Proposal 8: UEs can indicate their MUSIM capability to NW as part of its UE Capability.
[bookmark: _Toc242573361]Observation 9: All MUSIM UEs would be interested to know the support for graceful network switching and other MUSIM specific suspension/resumption attributes from network perspective. It would be optimal to include such information as part of a new SIB which can be default broadcast or acquired on-Demand.
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