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1. [bookmark: _Ref165266342]Introduction
One of the objectives of MUSIM WID [1] is:
	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


In RAN2#111e, SA2 has sent an LS[2] and asked RAN2 some questions related to UE switching notification. RAN2 has organized an email discussion[3] to discuss the questions and the use cases of UE switching. 
This contribution will discuss the potential solutions for UE notification on network switching for multi-SIM.
2. Discussion
0. UE switching scenarios
As discussed in email discussion [3], UE switching scenarios can be classified as follows:
· Single-Rx or Dual-Rx/Single-Tx:
· Scenario 1:  Short-time switching, such as paging reception, measurements, TAU, RNAU, MO SMS
· Scenario 2:  Long-time switching, such as VoLTE/VoNR voice call
· Dual-Rx /Single-Tx:
· Scenario 3: UE in RRC CONNECTED state in network A and needs to switch to network B and hence change its RX capability in NW A
· Dual-Rx /Dual-Tx:
· Scenario 4: UE in RRC CONNECTED state in network A and needs to switch (part capability) to network B and hence change its Tx capability in NW A, such as dual connectivity

During the email discussion, majority of companies considered that the short-time switching and long-time switching scenarios, i.e. scenarios 1 & 2, should be prioritized. Hence, we focus on the two scenarios in this paper. 

Firstly, we would like to discuss which RRC state should the UE enter after switching. With switching notification mechanism, an RRC Connected UE in network A needs to send a switching notification message to network A before it switches away, i.e. retunes its RF for activities in network B. Then how to handle the RRC connection between UE and network A, should it be kept or released?

0.  Scenario 1:  Short-time switching
In this scenario, UE is absent in network A for a short-time (i.e. several or tens of milliseconds) activities in network B, such as to perform paging monitoring. If network A releases the RRC connection with the UE upon the reception of switching notification message, it will cause a long interrupt in the ongoing service in network A for the UE needs to establish a new RRC connection to resume the service after its back to network A. It’s worth to notice that the kind of interruption may occur periodically for periodic activities in network B, e.g. every 2.56s for paging monitoring (assuming the DRX cycle is 2.56s). To avoid such kind of frequent interruption, it makes sense to allow the UE stay in RRC Connection state in network A (i.e. keep the RRC connection with network A) while it is absent in network A for a short-time activity in network B. 
After switch away from network A, the UE can still keep the RRC connection, i.e. stay in RRC CONNECTED state in network A. 

0.  Scenario 2:  Long-time switching
In this scenario, UE is absent in network A for a long-time (i.e. several or tens of minutes) activities in network B, such as to perform a voice call in network B. Assuming the UE connects to cell A in network A before the switch, it is very likely the UE moves out of the coverage of cell A during its long absence. As a result, an RRC re-establishment procedure needs to be performed even the UE keeps the RRC connection with network A during its absence. From the perspective of minimizing the service interruption in network A, the gain of keeping UE in RRC connected state in long absence scenario is not very attractive. Given the service in network A will anyway be interrupted during the long absence, the latency of RRC connection establishment/resume (usually tens of milliseconds) after UE’s back will not cause serious extra impact on user experience. Hence:
After switch away from network A, the UE can be released to RRC IDLE/RRC_Inactive state in network A. 

To facilitate the solution discussion, we would further classify the UE switching scenarios into two styles. 
· One-shot switching: the one-shot switching is triggered by the one-shot activities on network B, including long-time switching (such as VoLTE/VoNR voice call in scenario 2), and also some short-time switching (such as TAU, RNAU, MO SMS in scenario 1).
· Periodic switching: the periodic switching is triggered by the periodic activities on network B, such as paging reception, measurements in scenario 1.
In the following sections, we would discuss the solutions for one-shot switching and periodic switching separately, then discuss the return procedure after switching. 
0. Solution for one-shot switching
The one-short switching procedure is applied when the UE would like to inform network A that it will switch away just once. An example of RRC based one-shot switching is illustrated in Figure 1.
[bookmark: _Hlk54249297]To support UE in RRC CONNECTED state on network A, RRC based switch notification should be introduced. An example procedure is following:


Figure 1: RRC based switching notification for one-shot switching
In Step 1, UE sends a switching notification message to network A before initiating the one-short activity on network B. 
The one-shot switching from network A may be caused by kinds of activities on network B, such as signaling procedures (TAU, RNAU, etc), or kinds of services (MO SMS, voice call, etc), or other UE procedures (cell search, etc)，which may be short-time or long-time activities. Therefore, it’s difficult for network A to foresee the absence will last a long time or not. Hence, the switching notification message may include the switching cause, which is defined based on the network B activities, to assist network A to manage the UE’s RRC state and the network resources. Network A can remain certain resources for UE, rather than release the UE immediately in case of short-time one-shot switching, given the UE can quickly recover the service after switching back to network A.
UE sends RRC switching notification, which may include the switching cause to assist network A to manage the UE’s RRC state and the network resources, before its one-shot switching. 

In Step 2, UE receives the switching notification response message on network A. 
In the switching notification response message, network A could send the configuration to UE which could be used after switching, such as the target RRC state(Connected, Idle, or Inactive) and the corresponding configuration to be used under the target state. 
It may take some time for the UE to receive the response to the switching notification message in some cases, e.g. because of the poor link quality. . If the UE has to receive the switch notification response message before the switching, the activity on network B may be delayed. Obviously, it will bring impact to user experience especially for delay-sensitive service, e.g. MO voice. The situation will be even worse when the UE fails to receive the response message. 
To avoid the impact on user experience, UE can be allowed to switch away after the transmission of RRC switching notification. Therefore, the reception of the response message of switching notification could be optional. For example, UE sends switch notification to network A, and waits for potential the response. If the UE fails to receive the response in a certain period, it is allowed to perform switching without the response. Detailed solutions could be investigated later. 
After the transmission of RRC switch notification for one-shot switching, UE is allowed to switch away without the reception of network response.
In Step 3, UE switches from network A and keeps in CONNECTED state on network A(assuming it’s a short-time switching), in the meanwhile, starts performing activities on network B. 
In some cases, it’s difficult for network A to precisely predict the absence will last a long time or not even with switching cause. For example, the UE asks for a short-time switching for paging monitoring. And then, UE finds it is paged and decides to respond the paging in network B. In this example, a short-time switching is changed to a long-time switching. To handle this case, a mechanism is needed to enable UE and network A to perform local RRC release, i.e. without exchange signalling. A potential solution is including a time threshold in the switching notification response message. The time threshold could be used to judge whether a short-time switching is changed to long-time switching. If the during of UE absence exceeds a threshold, UE and network A could release the RRC connection locally to avoid resource wastage on network A.
In Step4, if the during of switching exceeds a threshold, e.g. UE is performing an MT voice call on network B longer than 3s, UE releases the connection with network A locally. 
After switching away from network A, the RRC connection between UE and network A can be locally released if the UE failed to return to network A in a pre-configured time duration.

0. Solution for periodic switching
In addition, the switching from network A can also be caused by periodic activities on network B, such as paging monitoring, measurements performing. Typically, the periodic switchings are short-time activities on network B. Considering the execution time of these short-time activities are limited short time, UE could be supposed to keep the RRC connection in network A. In this way, UE could minimize the impact to the service on network A (e.g. data throughput).
Furthermore, to avoid repeated switching notification, a switching pattern may be negotiated between UE and network A to support periodic switching. UE could indicate the switching pattern required to network A, which is generated and updated based on the periodic activities on network B. The switching pattern may include the switching start time, duration, and period/cycle. An example procedure for periodic switching is following as shown in Figure 2, which tries to reuse the steps of one-shot switching as much as possible.



Figure 2: RRC based switching notification for periodic switching

In step 1, UE sends a periodic switching notification message to network A, to set up a periodic switching pattern. The periodic switching notification message could contain start time, length, and period/cycle. 
In step 2, UE receives the switching notification response message. This response message confirms the setup of the periodic switching pattern.
In step 3, UE keeps in CONNECTED state on network A, in the meanwhile, starts performing periodic activities on network B.
In step 4, UE switches back to network A after the activities in network B.
In step 5, UE keeps in CONNECTED state on network A, in the meanwhile, starts performing periodic activities on network B. Given that the periodic switching pattern has been set up, UE is unnecessary to send the switching notification repeatedly.
In step 6/7, UE may send a periodic switching notification message to modify the periodic switching pattern. For example, the paging occasions on network B could change due to cell reselection, then trigger UE to modify the periodic switching pattern. Similarly, this response message confirms the modification of the periodic switching pattern.
In step 8/9, UE may send a periodic switching notification message to release the periodic switching pattern. For example, the user turns off USIM B and UE does not need to perform paging reception or measurement on network B any longer. Similarly, this response message confirms the release of the periodic switching pattern.
A switching pattern can be negotiated between UE and network A for periodic activities in network B, e.g. paging occasion monitoring

0. Return procedure
The return procedure is applied for UE to inform network A that it has switched back. Then network A can start scheduling the UE. During UE switching, UE on network A may be in RRC CONNECTED, IDLE or Inactive state. Let’s see the potential return procedure for different RRC states.
· RRC CONNECTED state: 
Since UE is in RRC connection state, certain RRC configurations are reserved. When UE returns to network A, UE can send an RRC returning notification message to network A. 
· IDLE state
In IDLE state, UE shall initiate RRC connection setup procedure upon high layer triggers, i.e. extra return procedure is not introduced to idle UE. 
· INACTIVE state:
In INACTIVE state, UE shall initiate RRC resume procedure upon high layer triggers., i.e. extra return procedure is not introduced to inactive UE. 

Connected UE needs to send returning notification to network A after it switches back to network A to activate the scheduling of network A.

0. RRC-based Switching vs NAS-based Switching
According to the LS from SA2[2] and TR 23.761 [4], both RRC based and NAS based switching notification procedures are on the table. Since NAS-based solution involves AMF and requires a long time, it is not suitable for the case of switching for delay-sensitive activities (e.g. MO VoNR) on another network. In addition, the NAS-based solution cannot support the short-time switching gracefully because UE has to go to IDLE or INACTIVE state.
Compared with NAS-based switch notification procedure, RRC-based solution is preferred since it is more suitable for the delay-sensitive and short-time switching.
3. Conclusions
In this contribution, we discussed the potential solutions for UE notification on network switching for multi-SIM. Based on the discussion, we have the following proposals:
1. After switch away from network A, the UE can still keep the RRC connection, i.e. stay in RRC CONNECTED state in network A. 
1. After switch away from network A, the UE can be released to RRC IDLE/RRC_Inactive state in network A. 
1. UE sends RRC switching notification, which may include the switching cause to assist network A to manage the UE’s RRC state and the network resources, before its one-shot switching. 
1. After the transmission of RRC switch notification for one-shot switching, UE is allowed to switch away without the reception of network response.
1. After switching away from network A, the RRC connection between UE and network A can be locally released if the UE failed to return to network A in a pre-configured time duration.
1. A switching pattern can be negotiated between UE and network A for periodic activities in network B, e.g. paging occasion monitoring
1. Connected UE needs to send returning notification to network A after it switches back to network A to activate the scheduling of network A.
1. Compared with NAS-based switch notification procedure, RRC-based solution is preferred since it is more suitable for the delay-sensitive and short-time switching.
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