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


After RAN2#112e meeting, we discussed details of network switching:
[bookmark: OLE_LINK2][bookmark: OLE_LINK7][bookmark: OLE_LINK1][Post112-e][256][Multi-SIM] Network switching details (vivo)
Discuss further details of network switching.
	Intended outcome: Email discussion report
	Deadline:  Long
This contribution will discuss further the potential solutions for UE notification on network switching.
2. Discussion
0. Periodic short-time switching procedure
As discussed in [2], the periodic short-time switching procedure may contain the switching notification message and RRC Reconfiguration procedure to configure gap. In this section, we will further discuss the open issues in each message and step.
0. Gap Pattern Requirement
Considering UE performs paging reception on network B within the configured gap, and the paging receptions are periodic behaviors with fixed time positions, the configured gap shall cover the paging reception at least. Hence, UE is needed to provide necessary gap requirement information to network A, such as 
· Indication of Need for Gap e.g. UE may need for gap or disable the need for gap (e.g. if the other SIM is disabled)
· The gap pattern request, e.g. gap start time, gap repetition period, etc;

The majority of companies [2] agree that the switching notification message for periodic short-time switching should carry gap pattern request. Then, how UE decides the gap pattern request is the next open question.
There are several scenarios for paging reception procedure on network B:
· Paging reception + serving cell measurement
· Paging reception + serving cell measurement + neighbor cell measurement
The gap pattern depends on the activities on network B which need to be performed in the gap, such as Paging reception, serving cell measurement, and neighbor cell measurements, etc..
As we know, the gap pattern includes gap start time, gap period, gap length, and even other gap information. We would check all items one by one.



Figure 1 Gap pattern for Paging Reception
As shown in Figure 1, UE needs to switch to network B for paging reception and serving cell measurement. The gap start time shall be earlier than the SSB burst reception before PO. Gap repetition period can at least cover the paging DRX period on network B. the gap length shall be enough for UE to perform paging reception and serving cell measurement. 



Figure 2 Gap pattern for Paging Reception and Neighbour cell measurements
As shown in Figure 2, UE needs to switch to network B for paging reception and neighbor cell measurements. In the low SINR case, the neighbor cell measurements are triggered, and it may take more SSB bursts for the synchronization and serving cell measurement. The neighbor cell measurements are usually scheduled periodically after the paging reception.
The gap pattern should cover the execution time of serving cell measurement and paging reception at least. In the high SINR case, as shown in Figure 1, the required time for serving cell measurement and paging reception may be nearly 20ms in the worst case. In the low SINR case, the required time is even longer.
Observation 1: The gap pattern requirement depends on the activities on network B, e.g. paging and measurements.

0. Gap Configuration 
In this section, we will discuss how to configure gaps for Multi-SIM purposes.
The network provides the gap configuration via RRCReconfiguration message. The existing gap in which UE could perform measurements includes measurement gap and DRX off duration. 
Table 1 Gap Comparative Analysis
	Gap Type
	Gap Length
	Gap Repetition Period

	Meas Gap 
	The gap length of the measurement gap is in the range of {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6, ms10, ms20}.
	The gap repetition of the measurement gap is in the range of {ms20, ms40, ms80, ms160}.

	DRX Off
	The duration of DRX Off is up to the short/long cycle, which depends on the data transfer status.
	Long cycle values: 
{ms10, ms20, ms32, ms40, ms60, ms64, ms70, ms80, ms128, ms160, ms256, ms320, ms512, ms640, ms1024, ms1280, ms2048, ms2560, ms5120, ms10240}
Short Cycle values:
{ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32,                                                ms35, ms40, ms64, ms80, ms128, ms160, ms256, ms320, ms512, ms640}

	Multi-SIM gap pattern 
	The gap for Multi-SIM purpose should be long enough for UE to perform paging reception and some measurements if any. 
	Gap repetition period can at least cover the paging DRX period on network B, which is in the range of {ms320, ms640, ms1280, ms2560}.


Note: the gap configuration information comes from TS38.331 
As per the above comparative analysis in Table 1, we can observe that:
The gap pattern for Multi-SIM purpose should cover at least serving cell measurement and paging reception, which is nearly 20ms in the high SINR case as shown in Figure 1. As Table 1 shows, the short measurement gap, such as 3ms/ 6ms, cannot meet the gap requirement for Multi-SIM. The gap length of the measurement gap is up to 20ms, which is difficult to cover the paging reception and possible measurement activities. If we extend the gap length, considering the gap repetition of the measurement gap is much shorter than the Multi-SIM gap pattern, it will harm the data throughput rate on network A.
Observation 2: The existing measurement gap cannot match the gap pattern requirement for Multi-SIM.
The gap start time of the DRX off depends on the data transfer status, which means the gap start time for paging reception can not be guaranteed. 
Observation 3: The existing DRX Off gap cannot match the gap pattern requirement for Multi-SIM.
Because the existing mechanism of measurement gap and DRX off duration cannot meet the requirement of the Multi-SIM gap pattern, separated gap configuration for Multi-SIM purpose should be introduced. Multi-SIM gap can be separately configured in the same RRCReconfiguration message together with existing gaps.  
Proposal 1: A new gap configuration for Multi-SIM purpose should be introduced.

0. One-shot short-time switching procedure
The one-shot short-time switching is triggered by one-shot activities on network B, which may include reception and/or transmission, such as measurement for cell reselection, system information acquisition, TAU, RAU, etc.
The switching notification message for one-shot short-time switching should carry gap pattern request information. The gap pattern depends on the one-shot short-time activities. How to decide and configure the one-shot gap for one-shot short-time switching is an open issue.
UE should perform the one-shot activities within the gap, estimation of the needed gap length is required. To reduce the impact to data transfer on network A, UE should request the preferred gap length which is suitable for the most cases, similarly network A may configure the suitable gaps. For abnormal cases such as HARQ retransmission during TAU/RAU procedure which causes UE cannot finish the whole procedure in one-shot within a configured gap, UE should respect the gap configuration in network A, i.e. UE is expected to back to network A before the end of the gap.
Proposal 2: Preferred gap pattern is included in the One-shot short-time switching notification message. Network A can configure gap to the UE for the activity in network B. UE should respect the gap configuration in network A, i.e. UE is expected to back to network A before the end of the gap even if the activity in network B is not completed. 

Considering similar gap pattern information is required for periodic and one-shot short-time switching, common switching notification with gap pattern request can be used for both periodic and one-shot short-time switching. 
Different from periodic short-time switching, we can set the gap repetition period as invalid for one-shot short-time switching procedure.
Proposal 3: Common switching notification message with gap pattern request is used for both periodic and one-shot short-time switching. 

0. Long-time switching procedure
Regarding long-time switching procedure, as TR23.761[3] describes, both RRC based and NAS based switching notification procedures are on the table. Next step, we need to consider RRC-based or NAS-based solution which should be used.  
RRC-based solution is beneficial to fast switching for delay-sensitive activities, which ensures the user experience. Furthermore, from signaling design perspective, we may reuse the short-time switching notification message or UAI with Release Preference, which does not bring much additional protocol specification change.
· Alternative 1: Reuse short-time switching notification message. It’s worth noting that, the signaling naming of short-time switching notification message can be decided at a later stage. The common switching notification message can be used for both long/short switching notification procedures, with different field values.

· Alternative 2: UAI with Release Preference. 
UAI with release preference was introduced for power saving in Rel-16. The release preference includes the preferred RRC states, such as idle, inactive, connected, outOfConnected.

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.
Therefore, for a unified switching solution, RRC-based solution is preferred.
Proposal 4: RRC-based solution is preferred for long-time switching notification procedures. 
3. Conclusions
In this contribution, we discussed the potential issues for UE notification on network switching for multi-SIM. Based on the discussion, we have the following observation and proposals:
Observation 1: The gap pattern requirement depends on the activities on network B, e.g. paging and measurements.
Observation 2: [bookmark: _GoBack]The existing measurement gap cannot match the gap pattern requirement for Multi-SIM.
Observation 3: The existing DRX Off gap cannot match the gap pattern requirement for Multi-SIM.
Proposal 1: A new gap configuration for Multi-SIM purpose should be introduced.
Proposal 2: Preferred gap pattern is included in the One-shot short-time switching notification message. Network A can configure gap to the UE for the activity in network B. UE should respect the configured gap in network A, i.e. UE is expected to back to network A before the end of the gap even if the activity in network B is not completed. 
Proposal 3: Common switching notification message with gap pattern request is used for both periodic and one-shot short-time switching. 
Proposal 4: RRC-based solution is preferred for long-time switching notification procedures. 
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