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1 Introduction
In RAN2#112-e, UE notification on network switching for multi-SIM was discussed and the following agreements were reached:
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.). 
RAN2 will evaluate short/long time switching in this WI.
From RAN2 point of view, it is feasible that the busy indication is sent as an RRC message with security for RRC_INACTIVE. FFS how this works. 
FFS if/how to ensure UE doesn't disconnect from RRC_CONNECTED during busy indication.
Following RAN2#112e RAN2 conducted an e-mail discussion [2] on “Network switching details” to further progress the topic. Additionally, in RAN2#113-e the following were agreed [3]:
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.
In this paper we further discuss the RRC switching procedures from [2] and their relationship with NAS-level procedures. 
2 [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Discussion
Long-term switching Procedure
[bookmark: _Hlk68084281]In [2] the procedure for long-term switching from Network A to Network B was discussed. The generic procedure illustrated in Figure 1 below was proposed:
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Figure. 1 RRC-based long-term switching procedure

The long-term switching procedure is appropriate for the case where the MUSIM UE needs to leave RRC Connected state in Network A, in order to setup a connection with Network B which may be long-lasting (e.g. voice call in Network B). Another scenario where the long-term switching procedure should be used is if the UE needs to perform a procedure with Network B, and the time needed to complete this procedure can not be easily predicted (e.g. TAU or RNAU).
Observation 1: The long-term switching procedure enables the UE to leave RRC Connected state in Network A, and setup a connection with Network B when the duration of communication in Network B is expected to be long-lasting or not easily predicted.
The proposed procedure consists of a “Switching Notification” sent from the UE to Network A, informing Network A that the UE desires to transition out of RRC_Connected state. Network A responds with an RRC Release message which may release the UE to either RRC_Inactive or RRC_Idle. RAN2 has not agreed whether the “Switching Notification” needs to be a specific RRC message, or whether the long-term switch procedure can simply be triggered by a NAS procedure.
In SA2#143-e further progress was made on KI#3: Coordinated leaving for Multi-USIM devices. SA2 agreed the following interim conclusions for UE leaving in the case of E-UTRA/EPS [4]:
[bookmark: _Toc57373359][bookmark: _Toc67389763]8.3	Conclusions for Key Issue #3: Coordinated leaving for Multi-USIM device
Based on the evaluation in clause 7.3 the following interim conclusions are agreed for the baseline functionality:
-	For leaving in E-UTRA/EPS access, the NAS-level leaving MM procedure is recommended to be supported. The UE sends NAS SERVICE REQUEST or TAU message indicating leave request to releases the RRC-Connected state.
-	For leaving in NR/5GS access, it is FFS.
-	For leaving in E-UTRA/5GS access, it is FFS.
…
-	In the NAS SERVICE REQUEST or TAU message indicating leave request (EPS case), the UE provides leaving indication to the CN and the UE may provide assistance information to the network in the leaving procedure regarding MT data/signalling handling.
-	The assistance information may include
-	Information to temporarily restrict/filter MT data/signalling handling:
-	An indication that the UE should only be paged for voice (MMTel voice or CS domain voice (for EPS)), or
-	An indication that the UE should not be paged at all, or
-	PDN connection(s) for MT notification/paging restriction.

Observation 2: At least in the case of leaving E-UTRA/EPS access, SA2 has agreed a NAS-level procedure for the UE to request releasing the RRC_Connected state in Network A. Furthermore, in this procedure the UE may provide assistance information to Network A regarding the handling of MT data and signalling.
Although SA2 has not yet concluded the details of the UE leaving procedure in the case of 5GS, an overwhelming majority of interested companies have indicated their preference to adopt common UE assistance information for both EPC and 5GS. Furthermore, it is not clear whether an RRC-level leaving procedure is needed in addition to a NAS-level procedure in the case of long-term switching, nor what additional value such an RRC procedure could provide. The network can decide whether to release the UE to RRC_Idle or RRC_Inactive based on implementation, while taking UE assistance information provided via NAS into account. Additionally, if both NAS and RRC leaving procedures are supported for long-term switching, there is a potential for error cases and/or conflicting information that would add unnecessary complexity. As such, we prefer that only NAS-level procedure be considered as a trigger for long-term switching.
Proposal 1: RAN2 will not consider an RRC message as a trigger for long-term switching.
An additional point that was discussed in [2] and also in RAN2#113-e [3], but not concluded, is whether the UE must wait for the RRC Release message from Network A before switching away. Since the spec can not guarantee when Network A will respond to the UE’s leaving message, the UE should be allowed to leave Network A even if the RRC Release message has not been received. Otherwise, the UE may not be able to switch to Network B in a timely manner, in order to respond to an urgent task (e.g. engage in a voice call). On the other hand, there is clearly no way for the UE to transition to RRC_Inactive in Network A without the reception of the RRC Release message. Hence, if the UE switches away from Network A without receiving the RRC Release message, then it can only transition to RRC_Idle state.
Proposal 2: In the case of long-term switching, if the UE switches away from Network A without first receiving the RRC Release message, it enters RRC_Idle state in Network A.
In the e-mail discussion [2] some companies proposed to define a timer for the UE to receive the RRC Release message. If the timer expires without the UE receiving the RRC Release message, then the UE should autonomously release the connection, and enter RRC_Idle with Network A.
Proposal 3: RAN2 should further discuss whether a network-controlled timer is needed for UE autonomous connection release in the case of long-term switching.
Short-term periodic switching 
In order to support periodic RRC procedures in Network B (e.g. monitoring for paging, SI acquisition, measurements for cell reselection) periodic short-term switching was discussed in [2]. For this purpose, the generic RRC procedure illustrated in Figure 2 below was proposed:
[image: ] 
Figure 2 Periodic short-term switching procedure
Similar to the long-term switching procedure the UE indicates its desire to Network A using a “Switching Notification” message. Unlike the long-term switching case, the UE is expected to remain in RRC_Connected state in Network A during the short switching intervals. However, Network A needs to coordinate switching gaps with the UE so that the network does not schedule traffic to the UE during its absence.
Observation 3: For periodic short-term switching, Network A needs to coordinate switching gaps with the UE so that the network does not schedule traffic to the UE during its absence.
Since Network A is not aware of the periodicity and time interval required by the UE for switching (e.g. periodicity of page monitoring in Network B) the UE should provide information to Network A to assist it with the gap configuration.
Proposal 4: In the case of periodic short-term switching, the UE provides assistance information to Network A to aid with the gap configuration (e.g. preferred gap pattern).
On the other hand, the UE may already have various opportunities to tune to Network B while still maintaining its connection with Network A (e.g. non-active DRX intervals). Hence, it should be left to UE implementation when and whether to request periodic switching gaps from the network.
Proposal 5: It is left to UE implementation when and whether to request periodic switching gaps from Network A.
Busy Indication
SA2 further progressed the solution for a NAS-level busy indication in SA2#143-e [4]:
[bookmark: _Toc49966897][bookmark: _Toc50390456][bookmark: _Toc50450333][bookmark: _Toc50450545][bookmark: _Toc50451767][bookmark: _Toc50451979][bookmark: _Toc50464659][bookmark: _Toc54379022][bookmark: _Toc54776651][bookmark: _Toc57373357][bookmark: _Toc67389761]8.1	Conclusions for Key Issue #1: Handling of Mobile Terminated service with Multi-USIM device
The following conclusions are agreed for the baseline functionality:
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Hlk53052775]…
-	If Multi-USIM device received paging by Network-A in RRC_Idle mode and the device decides not to accept the paging, a UE supporting NAS BUSY indication attempts to send a BUSY Indication via the SERVICE REQUEST message to network unless it is unable to do so e.g. due to UE implementation constraints.
 -	As part of the SERVICE REQUEST message carrying the BUSY indication the UE may provide assistance information to the network regarding MT data/signalling handling, as described in clause 8.3.
NOTE 3:	Whether Busy indication is supported for RRC_Inactive case is up to RAN decision. 
…
[bookmark: _Hlk68096772]8.3	Conclusions for Key Issue #3: Coordinated leaving for Multi-USIM device
[bookmark: _Hlk68085861]Based on the evaluation in clause 7.3 the following interim conclusions are agreed for the baseline functionality:
[bookmark: _Hlk68087341]…
-	When the UE connection with the network is resumed, the previous assistance info, if any, to temporarily restrict/filter MT data/signalling handling is revoked.
-	When the UE performs the BUSY procedure (refer to clause 8.1) the UE may include assistance information in the SERVICE REQUEST message for MT data/signalling handling (e.g. paging restriction).
…
Editor's note:	It depends on RAN feedback on if changes to 5GS/E-UTRA (Option 5) are in scope of the TSG RAN work item for this KI.
Editor's note:	RAN WG's feedback is expected as decision input info for the leave procedure (NAS level leaving, and/or AS level leaving).

Observation 4: When a UE in RRC_Idle in Network A decides not to accept a paging message from the network, it can respond to the network with a NAS BUSY indication which may include assistance information for MT data/signalling handling (e.g. paging restriction).  
RAN2 has discussed [3], but not concluded, whether a similar RRC busy indication should be supported for the case of RRC_Inactive. In [6] the latency of signalling a busy indication by an UE in RRC_Inactive using the RRCResumeRequest message was compared to the latency of providing the indication via NAS or RRC for an idle UE. The analysis indicated that the former approach would result in a latency of 12~25ms compared to 47~68ms for NAS (assuming NR in both cases). However, concerns have been raised regarding the security of providing the busy indication via the RRCResumeRequest message. Another approach which does not have security concerns is to use the RRCResumeComplete message to convey the busy indication. Analysis has shown that this approach would take 28~45ms, which is between the latency ranges of the two previous approaches [7]. Regardless of whether RRCResumeRequest or RRCResumeComplete is used to convey an RRC busy indication, either approach would require additional specification effort by RAN3 as well as RAN2 and potentially by other working groups. Several companies have also raised concerns that related work (e.g. enhancements to S1_AP and/or NG_AP) may be out of the scope of the current WI.
A typical scenario might be that the UE starts out in RRC_Connected in Network B, and then receive a page for a high priority service in Network A (e.g. a page for a voice call). The UE would then initiate a NAS leaving procedure towards Network B (per section 2.1). Per the SA interim conclusions, the UE can provide assistance information to Network B to temporarily restrict or filter MT data and signalling (e.g. paging) from Network B. Network B then releases the UE from RRC_Connected, and decides to transition the UE to RRC_Inactive state. The UE will then establish a connection with Network A, while continuing to monitor paging from Network B during appropriate periodic gaps (per section 2.2). Subsequently, the UE receives a page from Network B. The UE responds to this page by sending a busy indication to network B, either using an RRC procedure (RRCResumeRequest or RRCResumeComplete) or by using the NAS BUSY indication agreed by SA2. Note that this scenario seems rather unlikely, as paging would already be restricted or filtered in Network B based on the UE assistance information previously provided. Hence, it would be unlikely for the UE to receive a page from Network B that it subsequently rejects with a busy indication.
On the other hand, it is possible that the UE had started out in RRC_Inactive in Network B, and then receives a page from Network A. In this case, the UE may resume the RRC connection with Network B and initiate the NAS leaving procedure. Alternatively, the UE could autonomously release the connection and enter RRC_Idle with Network B.
Furthermore, per SA2’s interim conclusions, regardless of which approach is agreed, the UE may ultimately skip sending the NAS BUSY indication to Network B if it is unable to do so. Therefore, it seems that CN procedures are robust to the lack of a busy indication from the UE, in case this can not be signalled to the network.
Proposal 6: RAN2 should consider the necessity of pursuing an RRC busy indication for a UE in RRC_Inactive and weigh the value vs. the complexity of introducing such a solution.
One-shot short-term switching
E-mail discussion [2] further discussed the need to support one-shot (non-periodic) short-term switching intervals. The generic procedure of Figure 3 below was proposed:
 
[image: ]
Figure 3 one-shot short-term switching procedure
[bookmark: _Hlk68106246]It is not entirely clear whether a one-shot short-term switching procedure is really useful, and if so for which specific scenarios. One possibility is that this approach might be useful in the case of the busy indication of section 2.3 above. For example, the UE is in RRC_Connection in Network A, and RRC_Inactive in Network B. The UE receives a page in Network B, and switches to Network B for a short period of time in order to send a busy indication before returning to Network A. Since the required switching period is only on the order of a few tens of milliseconds, it might be preferable to suspend the RRC connection and transition the UE to RRC_Inactive in Network A during the switching interval. It’s not clear whether there is any use case for which it would be critical for the UE to remain in RRC_Connected with Network A during the switching interval. 
Observation 5: It is not clear whether there is any use case for which it would be critical for the UE to remain in RRC_Connected with Network A during a one-shot short-term switching procedure.
Proposal 7: RAN2 should identify what specific use cases would be served by supporting a one-shot short-term switching procedure. RAN2 should also define which RRC states are applicable to a one-shot short-term switching procedure, if agreed.
Much of the discussion in [2] focused on whether the UE needs to wait for a response message from the network before switching (message 2), and whether the UE should then send a “Return Message” to the network (message 3). As the “Switching Response” message (message 2) in Figure 3 is Network A’s acknowledgement of the “Switching Notification” message (message 1) from the UE, it is essential that the UE receives this message before switching away from Network A. This is true regardless of whether the UE remains in RRC_Connected with Network A or is transitioned to RRC_Inactive during the switching period.
Proposal 8: If one-shot short-term switching is supported, then the UE must wait for the response message from the network before switching.
If the UE remains in RRC_Connected with Network A during the switching interval, then the “Return Message” (message 3) may be less critical for this case. This message is to indicate to Network A that the UE has returned, and hence Network A can resume scheduling traffic to the UE. A majority of companies indicated in [2] that they do not believe that this message is in fact needed. Without this message Network A simply assume that the UE has returned after the signalled switching gap and resumes scheduling traffic to the UE. Of course, there is still a possibility that some data may be lost, or in the worst case the link may fail, if there is a mismatch between Network A’s expectations and the UE behaviour.
On the other hand, if the UE is transitioned to RRC_Inactive during the switching period, it is natural that the UE should send an RRCResumeRequest message to Network A upon returning. Hence, this message would serve as the return message (message 3) in figure 3.
Proposal 9: In case the UE is transitioned to RRC_Inactive for a one-shot short-term switching procedure, RRCRelease constitutes the “switching response” message, while RRCResumeRequest constitutes the “return message” for the one-shot short-term switching procedure.
3 Conclusion
This paper discussed UE notification on network switching for multi-SIM. We have the following observations and proposals:
Observation 1: The long-term switching procedure enables the UE to leave RRC Connected state in Network A, and setup a connection with Network B when the duration of communication in Network B is expected to be long-lasting or not easily predicted.
Observation 2: At least in the case of leaving E-UTRA/EPS access, SA2 has agreed a NAS-level procedure for the UE to request releasing the RRC-Connected state in Network A. Furthermore, in this procedure the UE may provide assistance information to Network A regarding the handling of MT data and signalling.
Observation 3: For periodic short-term switching, Network A needs to coordinate switching gaps with the UE so that the network does not schedule traffic to the UE during its absence.
Observation 4: When a UE in RRC_Idle in Network A decides not to accept a paging message from the network, it can respond to the network with a NAS BUSY indication which may include assistance information for MT data/signalling handling (e.g. paging restriction).
Observation 5: It is not clear whether there is any use case for which it would be critical for the UE to remain in RRC_Connected with Network A during a one-shot short-term switching procedure.

Proposal 1: RAN2 will not consider an RRC message as a trigger for long-term switching.
Proposal 2: In the case of long-term switching, if the UE switches away from Network A without first receiving the RRC Release message, it enters RRC_Idle state in Network A.
Proposal 3: RAN2 should further discuss whether a network-controlled timer is needed for UE autonomous connection release in the case of long-term switching.
Proposal 4: In the case of periodic short-term switching, the UE provides assistance information to Network A to aid with the gap configuration (e.g. preferred gap pattern).
Proposal 5: It is left to UE implementation when and whether to request periodic switching gaps from Network A.
Proposal 6: RAN2 should consider the necessity of pursuing an RRC busy indication for a UE in RRC_Inactive and weigh the value vs. the complexity of introducing such a solution.
Proposal 7: RAN2 should identify what specific use cases would be served by supporting a one-shot short-term switching procedure. RAN2 should also define which RRC states are applicable to a one-shot short-term switching procedure, if agreed.
Proposal 8: If one-shot short-term switching is supported, then the UE must wait for the response message from the network before switching.
Proposal 9: In case the UE is transitioned to RRC_Inactive for a one-shot short-term switching procedure, RRCRelease constitutes the “switching response” message, while RRCResumeRequest constitutes the “return message” for the one-shot short-term switching procedure.
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