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1. Introduction

According to the WID [1] for Multi-SIM, one of the objectives is to specify mechanism for UE (Multi-SIM device) to notify Network A of its switch from Network A (for MUSIM purpose). This objective deals with the scenarios when a Multi-SIM device has an RRC connection with one network and it decides to perform some activities with another network.
	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 the post e-mail discussion [2], further details of network switching were discussed including long-time switching procedure, short-time switching procedure and busy indication. In this contribution, we further discuss coordinated switching procedures and busy indication.
2. Discussion
2.1 Clarification on triggering events
In the post e-mail discussion [2], long-time and short-time switching were interpreted as follows:
· Long-time switching procedure: used for the switching notification procedure which moves the UE to RRC_IDLE/RRC_INACTIVE in network A.
· Short-time switching procedure: used for the switching notification procedure which keeps the UE in RRC_CONNECTED.
· Periodic short-time switching: triggered by some periodic activities on network B, such as paging reception, Measurements.
· One-shot short-time switching: triggered by one-shot activities on network B, which may include reception and/or transmission, such as measurement for cell reselection, system information acquisition, etc.
However, the definition of “long-time switching” and “short-time switching” is not clear and these terms do not indicate the key characteristic of the events that trigger the UE’s switching. Firstly, we prefer to categorize the events as below: 
· Group 1: The event for which the instant of activity in NW B is unpredictable, such as initiating TAU/RNAU or voice call in NW B.

· Group 2: The event for which the instant of activity in NW B is predictable

· Group 2-1: The event that occurs periodically, such as paging reception or serving cell measurements in NW B.

· Group 2-2: The event that is triggered conditionally, such as measurements for cell reselection or SI acquisition in NW B.
The Figure 1 illustrates the instant of activity in NW B and interruption in NW A for the following event groups.
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Figure 1 Illustration of the instant of activity in NW B and interruption in NW A
In the following sections, we further discuss the switching procedures triggered by different event groups.
2.2 Switching triggered by Group 1 events
For Group 1 events, UE needs to establish the RRC connection in NW B (e.g. initiating TAU/RNAU or voice call). After switching to NW B, neither the instant of activity in NW B nor the duration the UE will keep in NW B is predictable. In this case, it would be better to transit the UE to RRC_IDLE or RRC_INACTIVE state in NW A instead of keeping it in RRC_CONNECTED. Some companies proposed that UE can be kept in RRC_CONNECTED but suspend the data transmission and reception in NW A according to the cause of establishing the RRC connection in NW B. However, exposing the establishment cause in NW B may impact the UE privacy which needs to be addressed by SA3 and the benefit over transition to RRC_INACTIVE state with respect to the service interruption time seems trivial, especially considering that the UE may still need to perform RACH to recover UL synchronization even being kept in RRC_CONNECTED state. Thus, transition to RRC_IDLE/RRC_INACTIVE in NW A is preferred when the UE needs to setup RRC connection in the NW B.
In Rel-16 Power Saving WI, efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE was discussed, and it’s specified that the UE can send RRC “ReleasePreference” in a UE Assistance Information message to the RAN node to indicate that the UE prefers to be released from RRC_CONNECTED to RRC_IDLE or RRC_INACTIVE. It is up to the network to decide whether the UE can leave the RRC_CONNECTED state and to which RRC state the UE should transit by using legacy release mechanism. Although NAS-based release notification is recommended to be supported for LTE network, AS-based solution is preferred for NR network since it is faster compared with NAS-based solution for RRC connection release and the legacy signalling of “ReleasePreference” can be reused. Considering that now UE sends “ReleasePreference” only for power saving purpose, some small enhancements may be needed, e.g. introducing the cause value to distinguish the purpose of sending “ReleasePreference”, i.e. for power saving or Multi-SIM.
In legacy UE initiated RRC release mechanism, UE needs to wait for RRCRelease message sent by the current network to release the RRC connection. UE autonomous release was proposed and discussed in Rel-16 Power Saving WI but eventually not introduced. Supporting UE autonomous release is not so critical for power saving case since the power consumption for waiting for RRCRelease message is limited and the balance between data transmission and power consumption should be considered to avoid performance degradation. However, in Multi-SIM scenario, if the UE decides to leave the current network, it is better to leave and initiate the setup with another network as soon as possible to start the service. In this case, requiring the UE to wait for the RRC release message from the NW seems not practical, especially considering that the NW may choose not to give any response to the UE. The latency introduced by response message may not be acceptable. Based on the analysis above, UE autonomous release is more appropriate for Multi-SIM device.
If UE performs RRC release immediately after sending the release notification, UE can only transit to RRC_IDLE state, since it is not practical to pre-configure the suspendConfig to the UE. It means it is impossible for UE to transit to RRC_INACTIVE state. Thus, a timer is helpful, during which the UE can wait for RRCRelease message after sending the release notification. If the NW prefers to transit the UE to RRC_INACTIVE state, the NW can send the RRCRelease message with suspendConfig within this timer and UE follows NW’s command. If RRCRelease message is not received within this timer, the UE autonomously releases the RRC connection and transits to RRC_IDLE state.
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Figure 2 Illustration on switching procedure triggered by Group 1 events

Proposal 1: When the UE needs to setup RRC connection in the NW B, the UE sends release notification to the NW A via RRC signalling by reusing legacy “ReleasePreference”. The UE waits for RRCRelease message from the NW A within a time period after sending such notification, and shall autonomously switch to RRC Idle state in the NW A if RRCRelease message is not received within the time period. 
2.3 Switching triggered by Group 2 events
For Group 2 events, the Group 2-1 events (e.g. paging reception or serving cell measurement) occur periodically, and the Group 2-2 events are triggered conditionally, e.g. UE is triggered to perform measurement for cell reselection when the condition as specified in [6] is satisfied and SI acquisition for the new selected cell in NW B, or UE is triggered to acquire the SI upon cell reselection or upon SI change in NW B. Once the Group 2-2 events are triggered, UE needs to perform activities in NW B periodically until the activities end. As one potential solution, for Group 2 events, UE can use the existing available gap, e.g. the non-active time of DRX in NW A to perform the Group 2 events in NW B.
Proposal 2: It can be left to UE implementation to use the existing available gap in NW A to perform paging reception, serving cell measurement, measurement for cell reselection or SI acquisition in NW B.
If the majority think switching procedure for Group 2 events is necessary, a unified switching procedure with same assistance information for Group 2-1 and Group 2-2 events should be considered. In details, the UE can send switching notification message with gap pattern information to the NW A, and the gap pattern information can include the offset value, gap length and the gap repetition period. Then a consequent question is whether the UE should wait for the response from NW A before applying such gap pattern. In our view, this is similar to the switching procedure triggered by Group 1 events, i.e. the UE anyway needs to switch to NW B irrespective of receiving the response from NW A. So, waiting for the response from NW A seems not essential.
After sending the switching notification for gap request, the UE may not need it at some time. For example, the SIM card 2 may be turned off, then the UE does not need the gap to perform paging reception and serving cell measurement in NW B. Thus, it should be possible for the UE to indicate the release of the gap pattern.
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Figure 3 Illustration on switching procedure triggered by Group 2 events

Proposal 3: If Proposal 2 is not acceptable, a unified switching procedure for paging reception, serving cell measurement, measurement for cell reselection or SI acquisition in NW B with gap pattern information should be considered.
2.4 Busy Indication

When the UE has an ongoing service in NW A, a busy indication can be triggered towards to NW B if the UE decides not to respond to paging in NW B. In RAN2#112 e-meeting, the following busy indication related agreements were made. We discuss the first bullet of the agreement on RRC busy indication for RRC_INACTIVE in Section 2.4.1 and the first bullet of the agreement on switching procedure in Section 2.4.2
· 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 

2.4.1 RRC busy indication for RRC_INACTIVE

First, we look at the purpose of busy indication and what needs to be done to achieve that purpose. The introduction of busy indication solution is to prevent Network B from performing undesirable operations when the UE does not respond to the paging. When the UE is in RRC_INACTIVE, the serving RAN node pages the UE when there is downlink data received from the core network (CN). If the UE responds with busy indication, the serving RAN node can take proper action so the paging is not repeated. However the core network still forwards the downlink data to the serving RAN node as it’s not aware that the UE is not interested to receive the data. Continuous flow of downlink data adds unnecessary processing, buffering and data loss at serving RAN node. To avoid this, serving RAN node should notify CN after receiving busy indication from the UE which requires changes in the signalling between RAN and CN. To summarize, it’s not enough with UE sending busy indication to the serving RAN node while in RRC_INACTIVE and CN needs to be notified even though that’s outside the scope of RAN2. 

Observation: Serving RAN node should notify CN after receiving busy indication from the UE in RRC_INACTIVE to prevent unnecessary buffering at the serving RAN node and data loss.

Second, we look at how busy indication can be sent from RRC_INACTIVE. Considering the email discussion on switching scenarios [2] and the contributions, there are two options:

Option 1. Busy Indication in RRCResumeRequest and confirmation of busy indication in RRCRelease
Option 2. Busy Indication in RRCResumeComplete and confirmation of busy indication in RRCRelease
We evaluate both options from security and latency point of view in the below table:

	Option 
	Security
	Latency

	Option 1
	 Needs to be confirmed by SA3
	Around 12 ~ 27 ms in NR [5]

	Option 2
	Secure
	Around 28 ~ 45 ms in NR using [5] as baseline


The required time to send NAS busy indication may be 48~71 ms for NR [5] for RRC_IDLE UE if the busy indication is included in the RRC Connection Setup complete message. Considering the security issue and the latency values, busy indication using RRC message from RRC_INACTIVE does not offer significant gains compared to NAS busy indication but impacts both RAN2 and RAN3’s specifications. Since SA2 has agreed to define the NAS busy indication, we can have that as a unified solution for both RRC_IDLE and RRC_INACTIVE state. For the case that the UE is in RRC_IDLE state, SA2 has agreed to leave the sending of busy indication as UE implementation, we think it should be the same for RRC_INACTIVE case. 
Proposal 4: No need to specify busy indication using RRC message for RRC_INACTIVE.

2.4.2
Switching triggered by busy indication

As discussed in the e-mail discussion [3], the time for sending busy indication is variable from anywhere between a few tens of milliseconds to over hundred milliseconds. Based on this observation, the interruption time in NW A due to sending busy indication in NW B is unpredictable and may last a long time, which means it is not possible for the UE to request a gap length that exactly match the time to send the busy indication.So we think sending busy indication should be belong to the Group 1 event and the procedure as in Proposal 1 should be applied. 
Proposal 5:  Proposal 1 is applied when the UE needs to send the busy indication in NW B.
3. Conclusion

In this contribution, we have discussed coordinated switch from NW for MUSIM device and made the following proposals:

Proposal 1: When the UE needs to setup RRC connection in the NW B, the UE sends release notification to the NW A via RRC signalling by reusing legacy “ReleasePreference”. The UE waits for RRCRelease message from the NW A within a time period after sending such notification, and shall autonomously switch to RRC Idle state in the NW A if RRCRelease message is not received within the time period. 

Proposal 2: It can be left to UE implementation to use the existing available gap in NW A to perform paging reception, serving cell measurement, measurement for cell reselection or SI acquisition in NW B.
Proposal 3: If Proposal 2 is not acceptable, a unified switching procedure for paging reception, serving cell measurement, measurement for cell reselection or SI acquisition in NW B with gap pattern information should be considered.
Proposal 4: No need to specify busy indication using RRC message for RRC_INACTIVE.

Proposal 5:  Proposal 1 is applied when the UE needs to send the busy indication in NW B.
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