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1. [bookmark: _Ref165266342]Introduction
In RAN#94e meeting, a revised WI on Support for Multi-SIM devices for LTE/NR was agreed in [1] with the following aspects:
	1. Specify, if necessary, enhancement(s) to address the collision due to reception of paging when the UE is in IDLE/INACTIVE mode in both the networks associated with respective SIMs [RAN2]
0. RAT Concurrency: Network A can be NR or LTE. Network B can either be LTE or NR.
0. Applicable UE architecture: Single-Rx/Single-Tx.
1. Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose) [RAN2, RAN3]:
1. RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
1. Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx
1. Unless SA2 find an alternative solution or decides otherwise, specify mechanism for an incoming page to indicate to the UE whether the service is voLTE/VoNR[ RAN2, RAN3].
2. RAT Concurrency: Network A is either LTE or NR. Network B is either LTE or NR.
2. Applicable UE architecture: Single-Rx/Dual-Rx/Single-Tx
1. Specify that existing gap patterns in TS 38.133 can be applicable for MUSIM and also define new gap patterns for MUSIM [RAN4].


RAN#94e MUSIM related agreements are copied in Annex for convenience.
This contribution is for the remaining open issues on network switching of R17 Multi-SIM WI[1] in RAN2, including essential work remaining in RAN2, issues spotted in running CRs[2], additional capability impacts if any, and potential issues discussed in the company contributions.
2. Discussion
0. Switching procedure without leaving RRC_CONNECTED
Issue 1: [bookmark: _Hlk91228268]Supported gap pattern for MUSIM
RAN#94e[2] has agreed that “RAN4 is requested to capture in TS38.133 that legacy measurement gap patterns (as defined in TS 38.133 Table 9.1.2-1, and also including patterns #24 and #25) can be applicable for MUSIM operation and also to capture new gap patterns for MUSIM with MGRP equal to paging DRX cycles for IDLE/INACTIVE.”
Regarding different scenarios, RAN4 has provided corresponding reply in[6], we could check the applicable gap pattern for each scenario.
Scenarios 1: Periodic switching
Periodic switching includes SSB detection/paging reception, serving cell measurement, neighbouring cell measurement including intra-frequency, inter-frequency, and inter-RAT measurement. 
As RAN#94e agreed[2], new gap patterns can be used for MUSIM with MGRP equal to paging DRX cycles for IDLE/INACTIVE like {320, 640, 1280, 2560}.
Proposal 1: Introduce new measurement gap patterns with MGRP equal to IDLE/INACTIVE paging DRX cycles for MUSIM.
Scenarios 2: SI receiving at Network B
In[6], RAN4 concluded that an aperiodic gap pattern can fulfill the task of MIB/SIB1 reading. A UE may require multiple attempts to read MIB/SIB1when using an aperiodic gap. For efficiency purposes, a legacy gap pattern configured for MIB/SIB1 reading can be released after successfully decoding SIB1 information.
Proposal 2: Periodic gap (legacy gap pattern) is applied for MIB/SIB receiving in MUSIM.
[bookmark: _Hlk85649219]Regarding other SIBs, the scheduling information of other SIBs, e.g. SIB2/3/4/5, is configured in si-SchedulingInfo IE in SIB1. si-WindowLength tells that SIBs should be transmitted somewhere within the window length. UE acquires SI message, from the start of the SI-window and continues until the end of the SI-window, or until the SI message was received. SI window length is in range of {s5, s10, s20, s40, s80, s160, s320, s640, s1280} Slots. For default association, SI window length should be same as SS burst set period, which is of {5, 10, 20, 40, 80, 160} ms. We can observe that the si-WindowLength for receiving other SIBs at Network B may exceed the longest MGL of the existing gap pattern, i.e. 20ms. 
Observation 1: The si-WindowLength for receiving other SIBs at Network B may exceed the longest MGL of the existing gap pattern (i.e.20ms)
The legacy Rel-15 gap length reaches 20ms, it’s possible to cover the short duration such as 5, 10, 20ms, however, except the long duration such as 40, 80, 160 ms. Considering other SIBs are not essential and urgent for camping, and Network broadcasts the other SIBs periodically, to avoid the significant impact to Network A due to the long gap requirement, UE may use the existing gaps to receive other SIBs with best effort, such as several aperiodic gaps with 20ms MGL, or DRX off duration if DRX cycle is used in RRC CONNECTED state.
Proposal 3: UE uses existing gap patterns to receive other SIBs on network B with best effort.
Scenarios 3: Aperiodic (one-shot) switching
In scenario 3, we consider the gap requirement for aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state (e.g. no RRC connection Resume/Setup) at network B, including On-demand SI request. Hence, we would like to evaluate the duration for the aperiodic (one-shot) switching. Figure 1 provides an example of control plane flow for On-demand SI request.
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Figure 1 On-demand SI Request (example for CP latency)
In TR37.910, for NR Rel-15, control plane latency is evaluated from RRC_INACTIVE state to RRC_CONNECTED state. It is observed that NR fulfills the control plane latency requirement of 20ms in a wide range of configurations. Comparing with RRC resume procedure, On-demand SI request needs fewer steps, such as not receiving RRC Resume message and transiting RRC Resume Complete message. We can observe that the Control plan latency of On-demand SI request is likely under 20ms.
Observation 2: [bookmark: _Hlk92293774]For aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state in Network B, the duration is likely no more than the longest MGL of existing gap pattern(i.e.20ms).
Aperiodic gap can be used for scenario 3. Aperiodic gap of 20ms should be enough to cover the aperiodic (one-shot) switching. 
Proposal 4: The existing gap pattern can be configured for aperiodic (one-shot) switching. gap length is 20ms.

Issue 2: FFS if signalling supports more periodic and aperiodic gaps for MUSIM
In RAN2#115e agreement, “Only a single aperiodic gap (for MUSIM) is supported in Rel-17. At most two periodic “gaps” (for MUSIM) and a single aperiodic gap (for MUSIM) is supported in Rel-17. FFS if signalling supports more.”
[bookmark: _Hlk91228309]Running CR[3] could use gap list, which supports more periodic and aperiodic gaps for MUSIM. This method is futureproofed. 
Observation 3: Signalling in current running CR can be extended easily to support more periodic and aperiodic gaps for MUSIM.
Proposal 5: No extra work is needed to allow signalling supports more periodic and aperiodic gaps for MUSIM.

Issue 3: FFS how the gap offset is configured for periodic and aperiodic gap
In RAN2#115e agreement, “The switching gap configuration will explicitly provide the gap starting position (e.g. offset value or start SFN and subframe explicitly), gap length and gap repetition period.”. In TS38.331 running CR[3], it’s an open issue that how the gap offset is configured for periodic and aperiodic gap.
There are two potential options:
Option-1 : One field musim-GapOffset-r17 for both periodic and aperiodic gap, as in [3]
MUSIM-GapInfo-r17 ::=          SEQUENCE {
    musim-GapOffset-r17                    ENUMERATED {FFS},
    musim-GapLength-r17                    ENUMERATED {FFS},
   	musim-GapRepetitionPeriod-r17          ENUMERATED {FFS}            OPTIONAL,
   ...
}

Option-2: offset value for periodic gap, start SFN and subframe for aperiodic gap
MUSIM-GapInfo-r17 ::=          SEQUENCE {
    musim-Starting-SFN-AndSubframe-r17     MUSIM-Starting-SFN-AndSubframe-r17         OPTIONAL, -- Cond aperiodic
    musim-GapLength-r17                    ENUMERATED {FFS}, 
    musim-GapRepetitionAndOffset-r17       CHOICE {FFS}         OPTIONAL -- Cond periodic
}

MUSIM-Starting-SFN-AndSubframe-r17 ::=            SEQUENCE {
    starting-SFN-r17            INTEGER (0..1023),
    startingSubframe-r17        INTEGER (0..9)
}


Firstly, it can be observed that option-1 has a common gap offset field for both periodic and aperiodic gap, then the size of this gap offset field should at least be enough to explicitly indicate the start SFN and subframe for aperiodic gap, which is a waste for periodic gaps. Secondly, option-2 guarantees via ASN.1 coding that the gap offset is within the corresponding scope of Gap Repetition, which cannot be supported by option-1. 
Therefore, we propose option-2, i.e.
Proposal 6: In the gap assistance information, UE provides gap repetition and offset for periodic gaps，and provides start SFN and subframe for aperiodic gaps.

Issue 4: The definition of musim-GapConfig included in the RRCReconfiguration message 
The definition of musim-GapConfig included in the RRCReconfiguration message is open, including below related issues:
· Whether adopt the list with ToAddModList/ToReleaseList for the scheduling gap configuration.
After the UE sends MUSIM assistance information for gap preference, the Network may send scheduling gap configuration to the UE. The UE may change or release gap preference, then Network may modify or release the configured gaps. In order to facilitate the gap reconfiguration, we propose to adopt the list with ToAddModList/ToReleaseList for the scheduling gap configuration.
Proposal 7: Adopt the list with ToAddModList/ToReleaseList for the scheduling gap configuration
· Whether each MUSIM gap configured by network A is associated with an index, to support modification or release of gaps.
Furthermore, each MUSIM gap configured by network A is associated with an index, to support modification or release of gaps.
Proposal 8: Each MUSIM gap configured by network A is associated with an index, to support modification or release of gaps

Issue 5: FFS how UE indicates release of gap pattern
There are two related issues regarding how UE indicates release of gap pattern: 
· How UE indicates release of gap preference
· Whether UE is allowed to request for the release of configured gaps individually, e.g. using an explicit gap identifier.
If UE wants to release a configured gap, UE should firstly release the corresponding gap preference. Then it’s unnecessary to indicate Network the specific configured gaps to be released individually.
Same as legacy UAI operation, the absence of a preference field indicates no preference for the corresponding field.
Proposal 9: If the UEAssistanceInformation does not include a field for aperiodic or periodic gap preference, it indicates no preference for the corresponding field for aperiodic or periodic gap.
Proposal 10: To release a configured gap for MUSIM, the UE can send a UEAssistanceInformation without the preference information related to the configured gap to be released.

Issue 6: FFS if UE is allowed to update UAI message after the UE performs cell reselection in NW B or after the UE performs handover in NW A
Firstly, MUSIM UE may have to report the gap preference for paging reception as soon as possible after cell reselection in NW B. Otherwise, the configured gaps cannot meet the MUSIM task scheduling, such as paging reception, which may lead to paging missing.
Secondly, after the UE performs handover in NW A, the UE may not receive suitable gap configuration for MUSIM. This is possibly caused by, e.g. the gap assistance information is not transferred to the target cell, or NW fails to receive the latest UAI during handover. To resolve this issue, a simple way is to allow UE to update UAI message after the UE performs handover in NW A.
Thirdly, in legacy assistance info reporting, a prohibit timer is usually used to avoid the frequent sending of assistance info, and the UE can only send assistance info if the prohibit timer is not running, even the assistance info is modified. However, for MUSIM, The prohibit timer may result in a long delay to send out updated gap preference after cell reselection in NW B, which may cause paging missing. Therefore, we propose that no prohibit timer is used for MUSM assistance info.
In a word, UE should be allowed to update UAI message after the UE performs cell reselection in NW B or after the UE performs handover in NW A. And, UE is not allowed to report the repeated MUSM assistance info in the same serving cell.
Proposal 11: [bookmark: _Hlk92736071]UE is allowed to update MUSIM UAI message. But UE is not allowed to resend the previous MUSIM UAI message in the same serving cell even the previous one is not responded by the network.
Proposal 12: UE is allowed to resend the previous MUSIM UAI message in the target cell after handover, which message was sent before handover within 1 second. 

Proposal 13: No prohibit timer is used for switching notification message sending.

0. Switching procedure with leaving RRC_CONNECTED
Issue 7: How NW Configures UE to provide assistance info for switching notification via otherConfig of RRCReconfiguration message
UE is configured to provide assistance info for switching notification via otherConfig of RRCReconfiguration message. Assistance info for switching notification covers both network switching procedures for leaving RRC_CONNECTED state and without leaving RRC_CONNECTED state. One open issue is whether/how switching notification for leaving RRC_CONNECTED state and without leaving RRC_CONNECTED state should be enabled separately.
Considering both NAS-based and RRC-based solutions for switching with leaving RRC_CONNECTED are agreed, the network may choose to support only one long-leaving solution(NAS or RRC). And, the network may support RRC short-leaving (switching notification without leaving RRC_CONNECTED). Hence, it’s flexible to separately enable switching notification for leaving RRC_CONNECTED state and without leaving RRC_CONNECTED state.
Proposal 14: Switching notification for leaving RRC_CONNECTED state and without leaving RRC_CONNECTED state can be enabled separately.

Issue 8: FFS whether the configuration of “configured time” is mandatory when network configures UE to report the preference of leaving RRC_CONNECTED state 
Regarding the network switching procedures for leaving RRC_CONNECTED state, a new RRC timer for the “configured time” can be configured, used for UE to leave RRC_CONNECTED without a response. Similar to the assistance configuration for the power saving and overheating features, the presence of assistance configuration for network switching procedures can be used to indicate whether UE can initiate the switching procedures. If the configuration for the “configured time” is present, switching notification for leaving RRC_CONNECTED state is allowed.
Therefore, the configuration of “configured time” can be optional. If the “configured time” is configured, UE is allowed to send switching notification for leaving RRC_CONNECTED state before leaving network A.
Proposal 15: the configuration of “configured time” is optional. If the “configured time” is configured, UE is allowed to report the preference of leaving RRC_CONNECTED state.

Issue 9: What’s the range of the “configured time”
In RAN2#115e, it’s agreed that “Introduce a new RRC timer for the ‘configured time’, used for the UE to leave RRC_CONNECTED without a response. FFS if it's possible to configure UE to always wait for the network response (e.g. "infinite" waiting time)”.
As we know, the “configured time” is introduced for the UE to leave RRC_CONNECTED without a response from Network, for example, UE has an incoming voice call on network B while a data service on network A is ongoing, UE shall switch to network B for the high priority service (i.e. voice call) as soon as possible. Therefore a long latency of switching notification procedure is not acceptable from UE perspective. In this case, "infinite" waiting time will harm user experience. Therefore, a suitable waiting time, enough for network response and as short as possible, , is pursued. hence, we propose that:
Proposal 16: Do not configure UE to always wait for the network response (e.g. “infinite” is not defined for configured time)
The “configured time” should be long enough to cover the most normal cases of network response latency, meanwhile, it should be as short as possible for user experience. Hence, a suitable “configured time” should be configured by the Network. We propose the range of the “configured time” is {20,40,60,80,100} ms
Proposal 17: The range of the “configured time” is {20,40,60,80,100} ms

Issue 10: AS-NAS Interaction:
One remaining open issue is whether it’s needed to define the interaction between RRC-level connection release procedure and NAS-level connection release procedure.
In SA2 Reply LS on Network Switching for MUSIM[9], below agreement is reached:
	SA2 thanks RAN2 about the LS on Network switching for MUSIM. SA2 reached the following agreement about the connection release procedure:
· Only NAS-level connection release is supported for E-UTRAN/5GS access.
· Both RRC-level connection release and NAS-level connection release procedure are supported for NR/5GS. A UE may provide a Paging Restriction Information to AMF during the NAS-level connection release procedure. The UE always enters RRC_IDLE mode after the NAS-level connection release procedure.
· It is not supported to provide the Paging Restriction Information from a UE to RAN in the RRC-level connection release procedure.
· There is no need to define the interaction between RRC-level connection release procedure and NAS-level connection release procedure.
· When both NAS-level Connection Release or RRC-level connection release are supported by the UE and the network, SA2’s current assumption is that it is up to the UE implementation to determine which one to use, for example based on the preferred end state (RRC_Inactive or IDLE) and whether Paging Restriction Information is to be provided to the AMF by the UE. RAN2 are welcome to comment on this assumption in case they see an issue.



Therefore, from RAN2 perspective, we propose:
Proposal 18: There is no need to define the interaction between RRC-level connection release procedure and NAS-level connection release procedure. It is up to the UE implementation to determine NAS-level Connection Release or RRC-level connection release when both are supported.
3. Conclusions
[bookmark: _GoBack]In this contribution, we discussed the open issues for UE notification on network switching for MUSIM. Based on the discussion, we have the following observation and proposals:
Switching procedure without leaving RRC_CONNECTED
Observation 1:	The si-WindowLength for receiving other SIBs at Network B may exceed the longest MGL of the existing gap pattern (i.e.20ms)
Observation 2:	For aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state in Network B, the duration is likely no more than the longest MGL of existing gap pattern(i.e.20ms).
Observation 3:	Signalling in current running CR can be extended easily to support more periodic and aperiodic gaps for MUSIM. 

Proposal 1:	Introduce new measurement gap patterns with MGRP equal to IDLE/INACTIVE paging DRX cycles for MUSIM.
Proposal 2:	Periodic gap (legacy gap pattern) is applied for MIB/SIB receiving in MUSIM.
Proposal 3:	UE uses existing gap patterns to receive other SIBs on network B with best effort.
Proposal 4:	The existing aperiodic gap pattern can be configured for aperiodic (one-shot) switching. gap length is 20ms.
Proposal 5:	No extra work is needed to allow signalling supports more periodic and aperiodic gaps for MUSIM.
Proposal 6:	In the gap assistance information, UE provides gap repetition and offset for periodic gaps，and provides start SFN and subframe for aperiodic gaps.
Proposal 7:	Adopt the list with ToAddModList/ToReleaseList for the scheduling gap configuration
Proposal 8:	Each MUSIM gap configured by network A is associated with an index, to support modification or release of gaps
Proposal 9:	If the UEAssistanceInformation does not include a field for aperiodic or periodic gap preference, it indicates no preference for the corresponding field for aperiodic or periodic gap.
Proposal 10:	To release a configured gap for MUSIM, the UE can send a UEAssistanceInformation without the preference information related to the configured gap to be released.
Proposal 11:	UE is allowed to update MUSIM UAI message. But UE is not allowed to resend the previous MUSIM UAI message in the same serving cell even the previous one is not responded by the network.
Proposal 12:	UE is allowed to resend the previous MUSIM UAI message in the target cell after handover, which message was sent before handover within 1 second.
Proposal 13:	No prohibit timer is used for switching notification message sending.

Switching procedure with leaving RRC_CONNECTED
Proposal 14:	Switching notification for leaving RRC_CONNECTED state and without leaving RRC_CONNECTED state can be enabled separately.
Proposal 15:	the configuration of “configured time” is optional. If the “configured time” is configured, UE is allowed to report the preference of leaving RRC_CONNECTED state.
Proposal 16:	Do not configure UE to always wait for the network response (e.g. “infinite” is not defined for configured time)
Proposal 17:	The range of the “configured time” is {20,40,60,80,100 } ms
Proposal 18:	There is no need to define the interaction between RRC-level connection release procedure and NAS-level connection release procedure. It is up to the UE implementation to determine NAS-level Connection Release or RRC-level connection release when both are supported.
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5. Annex RAN#94e MUSIM agreement
	handled Tdocs: RP-212921, 3260, 3261
· Proposal 1: RAN4 is requested to capture in TS38.133 that legacy measurement gap patterns (as defined in TS 38.133 Table 9.1.2-1, and also including patterns #24 and #25) can be applicable for MUSIM operation and also to capture new gap patterns for MUSIM with MGRP equal to paging DRX cycles for IDLE/INACTIVE.
· Proposal 2: Postpone all the discussion on RRM requirements related to MUSIM gaps to Rel-18. Whether this aspect will be covered under the R18 MUSIM WI or another RAN4 WI can be discussed as part of the Rel-18 RAN4 package.
· Proposal 3: Allocate 0.25 RAN4 RD TUs to R17 MUSIM WI Core part for the remaining Rel-17 RAN4 meetings (i.e. RAN4 #101bis-e and RAN4 #102-e), to make existing gap patterns in TS 38.133 applicable for MUSIM and to define new gap patterns for MUSIM as well.
· Proposal 4: Update the R17 MUSIM WID to add a new Objective 4: ”Specify that existing gap patterns in TS 38.133 can be applicable for MUSIM and also define new gap patterns for MUSIM [RAN4]” and to list TS38.133 as affected specification.
	conclusion: proposals 1/2/3/4 are endorsed



	
