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1. Introduction

In RAN#86 meeting, a new WI, i.e support for Multi-SIM devices in Rel-17 is approved. The objective for graceful leaving is specified in WI [1].

1) 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

We would like to discuss the general consideration on graceful leaving and busy indication issue for multi-SIM in this paper.
2. Discussion on leaving decision and graceful leaving
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USIM-A  and USIM-B in UE


If the UE connected to USIM-A network, the UE will perform service in USIM-B network, then the UE will leave the network A and perform RRC connection establishment or resume to network B. There are cases for this scenario.
Case 1: UE response paging message from USIM-B;

Case 2: UE will originate the service via USIM-B.
Case 3: UE receive updated system information 

Case 4: UE monitor paging DCI and/or receive paging message.

Case 5: UE perform RRM measurement for cell reselection.

Case 6: UE perform MO signalling for some purposes, e.g. registration/TAU, check paging cause, send busy indication.
In SA2 LS [2], there are two questions, i.e Q6 and Q7 for graceful leaving from SA2.
	Q6: Please indicate whether it is feasible to define an RRC-based leaving and returning procedure in 5GS/NR. [RAN2, RAN3]


For case 1, the UE does not know what the service will be only via paging reception currently and UE does not know whether UE should response the paging message. There are following solutions to address the issue.
Solution 1: The paging cause is included in paging message for the UE, e.g. voice service in USIM-B will trigger UE switching from USIM-A.

Solution 2: After paging reception, the UE negotiate a time gaps to setup the RRC connection with USIM-B and to acquire the service information and decide to continue to stay USIM-A or USIM-B.
For case 2, the UE will know the service performed via USIM-B, so the UE can make the decision leaving USIM-A network or not. 
For case 3, the UE will monitor the paging occasion according pre-calculated PO. The UE can know when and how long the UE will leave network A.

For case 4, the UE will update the system information after 3 hours from the moment it was successfully confirmed as valid, or after cell reselection, or after paging DCI reception with system update indication/PWS notification. It is hard for UE to evaluate when and how long the UE will leave network A.
For case 5, the UE will perform SSB measurement according RAN4 requirement. It is up to UE implementation. 
For the case 1~6, some leavings are randomly based on some event, e.g. case 1 and 2, and some leavings are predictable, e.g. case 4 and 5. For the predictable leaving, the periodical duration for leaving can be considered. For random leaving, one shot based leaving duration can be request by the UE.
Proposal 1: Case 1,2,3,4,5,6 are considered as events to trigger the leaving action.
· Case 1: UE response paging message from USIM-B;

· Case 2: UE will originate the service via USIM-B.

· Case 3: UE receive updated system information 

· Case 4: UE monitor paging DCI and/or receive paging message.

· Case 5: UE perform RRM measurement for cell reselection.

· Case 6: UE perform MO signalling for some purposes, e.g. registration/TAU, check paging cause, send busy indication.
Proposal 2: Both pre-configured periodical duration for predictable leaving and one-shot leaving duration based on UE request are supported.
In case 1, the UE will decide leaving USIM-A network to perform service in USIM-B network. The UE should inform the USIM-A about the leaving decision. The UE is in RRC_CONNECTED state in USIM-A network, it is possible and reasonable for the UE to notify the network about the leaving decision based RRC signalling.
In R16 power saving WI, the UE can send UE assistance information to the network and request the expected RRC state, e.g. RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED. It is up to network decision for the next action for the UE, e.g. response to UE or not, and what RRC state. But here, the UE will leave USIM-A network, no matter the USIM-A network allows or not. The RRC state request procedure in R16 power saving WI can be as baseline with some revision. Of course, the UE can also only send the leaving indication with/without network response and up to USIM-A network to release the UE in case of with network response. Another issue if a timer is needed to restrict how long the UE will return. Based on above analysis, we summarize the below solutions
Option 1.1: The UE will request the USIM-A network to release the UE to RRC_IDLE or RRC_INACTIVE state with network response. 

Option 1.2: The UE will request the USIM-A network to release the UE to RRC_IDLE or RRC_INACTIVE state without network response. The network can pre-configure the suspendconfig IE for the UE in order to allow UE to enter RRC_INACTIVE.

Option 2.1.1: The UE will inform USIM-A leaving decision without network response 
Option 2.1.2: The UE will inform USIM-A leaving decision and a timer without network response. In this case, the UE will stay RRC_CONNECTED state, if the UE does not return after timer expires, the UE will enter RRC_IDLE or RRC_INACTIVE state if suspendconfig IE is pre-configured.

Option 2.2.1.1: The UE will inform USIM-A leaving decision with network response. The network can configure a timer if the network command the UE stay RRC_CONNECTED. If the UE does not return after timer expires, the UE will enter RRC_IDLE or RRC_INACTIVE state if suspendconfig IE is pre-configured.
Option 2.2.1.2: The UE will inform USIM-A leaving decision with network response. The network can command the UE enter RRC_IDLE or RRC_INACTIVE state.

Option 2.2.2.1: The UE will inform USIM-A leaving decision and a timer with network response with a timer indication. The network re-configures or does not re-configure a timer if the network command the UE stay RRC_CONNECTED. If the UE does not return after timer expires, the UE will enter RRC_IDLE or RRC_INACTIVE state if suspendconfig IE is pre-configured.
Option 2.2.2.2: The UE will inform USIM-A leaving decision and a timer with network response. The network can command the UE enter RRC_IDLE or RRC_INACTIVE state.
	Key issue to confirm 
	Comments 

	UE request RRC-state or 

UE notify leaving indication?
	Both are possible.

	RRC state UE request or 
network command?
	RRC_CONNECTED, RRC_IDLE and RRC_INACTIVE states are possible.

	Wait for network response?
	Both are possible.

	UE indicate timer?
	If UE want to stay RRC_CONNECTED, the timer can be indicated, otherwise it is meaningless. 

	Network configure timer?
	For with network response and UE stay RRC_CONNECTED case, the timer can be configured no matter the UE indicate a timer or not, otherwise it is meaningless.

	Pre-configure the suspendconfig IE for RRC_INACTIVE?
	For the following case, the pre-configured suspendconfig IE are reasonable:

1) Without network response.

2) UE request or network command the UE stay RRC_CONNECTED and without return after timer expiries.

	UE enter RRC state if no timer or timer expiries?
	RRC_ IDLE if no pre-configured suspendconfig IE, otherwise RRC_INACTIVE.


For leaving indication, it can be carried in NAS or RRC.

Scheme 1: NAS based leaving indication.

Scheme 2: RRC based leaving indication.
Both NAS based leaving indication and RRC based leaving indication are possible. However, if there is some AS level assistance information are needed to report to the network, it is better to use the RRC based leaving indication. Consider “NO EN-TRAN impact” requirement and 5GS/E-UTRA case, NAS based leaving indication is necessary to support.
Based on above discussion, we propose RAN2 to discuss all possible solutions.
For case 3,4,5,6, a TDM may be more efficient and no need to leave RRC_CONNECTED state in USIM-

A network. The details of this part will be discussed in section 3. 

Proposal 3: For one-shot leaving duration based on UE request, it is up to network decision to make UE enter RRC_IDLE or RRC_INACTIVE or keep UE in RRC_CONNECTED for a pre-configured time duration.

Proposal 4: Both NAS and RRC based leaving indication are considered for different scenarios and RAN2 is kindly asked to discuss all the possible procedures listed above and down selection solution for leaving indication.

In SA2 LS, there is a note for leaving indication.

NOTE 1: In addition to the above assumptions, there is a proposal that if the UE does not return for a time period, the UE autonomously enter RRC Idle from RRC Inactive and RAN also autonomously moves the UE RRC state into RRC Idle from RRC Inactive.
If UE enter RRC_INACTIVE after leaving indication, there is no need to configure a timer to make UE enter RRC_IDLE. For RRC_INACTIVE UE, there is T380 and RAN notification area to control the UE return to contact network. if UE cannot return to perform RRC resume procedure, it can be up to UE implementation. 
Proposal 5: It is up to UE implementation if UE cannot return to perform RRC resume procedure due to T380 expiries or across RNA boundary after leaving.
	Q7: Please let us know whether changes to 5GS/E-UTRA (Option 5) to support RRC-based leaving is part of RAN Work Item. [RAN2, RAN3]


According to the objective, the USIM-A may be LTE network and USIM-B is NR network. It is possible that the UE leave LTE network and perform service on NR network.
For leaving in E-UTRA/EPS access, the NAS based leaving indication is recommended in SA2[4]. We have discussed the meaning of “NO EN-TRAN impact” in the RAN2 multi-SIM email discussion [3]. So we can also use NAS based leaving indication for 5GS/E-UTRA (Option 5) case.
	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-triggered leaving procedure is recommended to be supported.
-
For leaving in NR/5GS access, it is FFS.

-
For leaving in E-UTRA/5GS access, it is FFS.


Proposal 6: NAS based leaving indication is also used for 5GS/E-UTRA (Option 5) case as E-UTRA/EPS case.
3. Discussion on busy indication

After reception paging from USIM-B, if UE decide not to response the paging or not receive the service from USIM-B, the UE should inform the USIM-B “Busy indication”, then AMF will not trigger the paging again and will also not detach the UE locally. So no matter solution 1 or solution 2 are used, the UE will setup the RRC connection with USIM-B network and inform the USIM-B about the “Busy indication”.3 option
In SA2 LS [2], there are two questions for busy indication from SA2.

	Q5: Please provide feedback if it is feasible (and secure) that the Busy Indication is sent as RRC message instead (no NAS message to the CN) i.e. as a RRC response to paging without requiring an RRC connection [RAN2, RAN3, SA3]


For RRC_INACTIVE UE, the DL data will arrive at anchor gNB, and the anchor gNB will trigger the RAN level paging. So the busy indication should be delivered to anchor gNB and indicates the UE is not ready to receive the arrival DL data now. it is up to anchor gNB to cash the DL arrival data or inform AMF stop data transmission. There are options to carry the busy indication for RRC_INACTIVE UE.
Option 1: The MSG3 (RRCResumeRequest) is used to carry the busy indication without security concern.

Option 2: The MSG4 (RRCRelease) is used to confirm the busy indication with/without security concern based on option 1.

Option 3: The MSG5 (RRCResumeComplete) is used carry the busy indication with security concern.

If the UE resume the RRC connection only for busy indication purpose, it is not necessary to perform UE context relocation no matter option 1/2/3 during RRC Resume procedure.

The MSG4 (RRCRelease) will be security protected, so no matter with or without security concern, the option 2 can work. And option 2 also use 2 step RRC resume procedure without context relocation as today. In [5], SA3 indicates that the busy indication transmission in RRC signalling without any security protection has security risk. Consider that no need enter RRC_CONNECTED just for sending busy indication, so we prefer option 2. 
Proposal 7: The RRC based busy indication is supported for RRC_INACTIVE mode UE if SA2 agree to support busy indication. 
Proposal 8: For RRC_INACTIVE UE, the MSG4 (RRCRelease) is used to confirm the busy indication carried in MSG3 if SA2 agree to support busy indication.
Proposal 9: For RRC_INACTIVE UE, RRC resume procedure without context relocation is supported for busy indication delivery if SA2 agree to support busy indication.
For RRC_IDLE mode UE, the DL data will arrive at UPF, then UPF will trigger the AMF to send CN level paging. It is reasonable to send the busy indication to the AMF. For RRC_IDLE UE, the MSG5 (RRCSetupComplete) message is the first message to carry the NAS PDU. After busy indication delivery to AMF, the AMF can command the gNB to release the RRC connection.
Proposal 10: The NAS based busy indication is supported for RRC_IDLE mode UE if SA2 agree to support busy indication.
Proposal 11: The details of the NAS based indication is up to CT1 and RAN3 if SA2 agree to support busy indication.

	Q4: Please indicate an order of magnitude (tens of ms? Hundreds of ms?) of the expected time required to send a (NAS) Busy Indication for USIM A and whether a scheduling gap would be needed for USIM B to do so [RAN2]


The latency for busy indication relates lots of configuration for the cell, e.g. the period of RACH occasion, PDCCH period, SCS and so on.
In TR 36.912, the total latency to setup RRC connection for LTE is 50ms based on the below procedure. It will be shorter in NR compared with LTE.
In TR37.910, the control plane latency for NR is based on evaluation results shown in Section 5.7.2.
	6.2.2
Control plane latency
Based on the evaluation results shown in Section 5.7.2, the control plane latency requirement is fulfilled by NR and LTE.


The control plane latency for RRC resume for NR is evaluated as 20ms based on the below procedure (Copied from 37.910 section 5.7.2).
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Theoretically, it may be possible that the time duration for busy indication for delivery is less than 100ms for RRC_IDLE mode UE and less than 20ms for RRC_INACTIVE mode UE according to above analysis.
In LTE and NR, autonomous gap method is introduced for CGI reading and the length of the autonomous gap is second level. So for busy indication delivery, we can use a short autonomous gap due to the less 100ms latency. There are several options to define the scheduling gap for busy indication delivery which may cost different time period.

Option 1: The UE will request a time duration or network will configure a time duration for leaving from network A for busy indication delivery in network B.

Option 2: Define a short autonomous gap for leaving from network A for busy indication delivery in network B.

Option 3: The UE request a TDM pattern or network configure a TMD pattern for busy indication delivery, paging reception, system information update and RRM measurement for cell reselection and so on.

However, the specific time duration for UE sending Busy Indication is also highly related to the channel quality, whether there is HARQ retransmission, and the RACH cycle.
Therefore, UE cannot guarantee the Busy Indication can always be sent in time but perform it with best effort
Proposal 12: The time duration for busy indication delivery cannot be guaranteed less than a certain period and it depends on UE’s best effort only.
4. Conclusions

Based on the discussion above, we propose:
Proposal 1: Case 1,2,3,4,5,6 are considered as events to trigger the leaving action.
· Case 1: UE response paging message from USIM-B;

· Case 2: UE will originate the service via USIM-B.

· Case 3: UE receive updated system information 

· Case 4: UE monitor paging DCI and/or receive paging message.

· Case 5: UE perform RRM measurement for cell reselection.

· Case 6: UE perform MO signalling for some purposes, e.g. registration/TAU, check paging cause, send busy indication.
Proposal 2: Both pre-configured periodical duration for predictable leaving and one-shot leaving duration based on UE request are supported.

Proposal 3: For one-shot leaving duration based on UE request, it is up to network decision to make UE enter RRC_IDLE or RRC_INACTIVE or keep UE in RRC_CONNECTED for a pre-configured time duration.

Proposal 4: Both NAS and RRC based leaving indication are considered for different scenarios and RAN2 is kindly asked to discuss all the possible procedures listed above and down selection solution for leaving indication.

Proposal 5: It is up to UE implementation if UE cannot return to perform RRC resume procedure due to T380 expiries or across RNA boundary after leaving.
Proposal 6: NAS based leaving indication is also used for 5GS/E-UTRA (Option 5) case as E-UTRA/EPS case.
Proposal 7: The RRC based busy indication is supported for RRC_INACTIVE mode UE if SA2 agree to support busy indication. 

Proposal 8: For RRC_INACTIVE UE, the MSG4 (RRCRelease) is used to confirm the busy indication carried in MSG3 if SA2 agree to support busy indication.
Proposal 9: For RRC_INACTIVE UE, RRC resume procedure without context relocation is supported for busy indication delivery if SA2 agree to support busy indication.
Proposal 10: The NAS based busy indication is supported for RRC_IDLE mode UE if SA2 agree to support busy indication.

Proposal 11: The details of the NAS based indication is up to CT1 and RAN3 if SA2 agree to support busy indication.

Proposal 12: The time duration for busy indication delivery cannot be guaranteed less than a certain period and it depends on UE’s best effort only.
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