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1	Introduction
Rel-17 WI [1] for ‘support of Multi-SIM devices’ aims to study the system impacts when the UE communicates to more than one PLMN via multi-SIM support and specifies potential enhancements to avoid performance degradation in the MUSIM scenarios.
One of the objectives of the Work Item is to specify switching notification procedure at serving network for MUSIM Purpose. The objective as per WID is given below
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
Switching from Network A may be for short periodic or aperiodic absence and without leaving RRC connection or may be switching after which the UE is leaving RRC connection at Network A and transits to RRC_IDLE or RRC_INACTIVE state. In this discussion paper we discuss the remaining open issues for switching notification for temporary MUSIM operation at NW-B without leaving NW-A.
2	Discussion
For this objective, objective 2, following agreements were made for the switching procedure during last RAN2 meeting.

RAN2#116bis-e [2] made some agreements, as listed below, but also left some open issues for discussion via pre-meeting e-mail or contributions.
	1: From RAN2 perspective, at least the following MGL/MGRP values are applicable for MUSIM periodic gap:
· MGL: 1.5ms, 3ms, 3.5ms, 4ms, 5.5ms, 6ms, 10ms, 20ms
· MGRP: 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, 1280ms, 2560ms.
· Can add additional MGL/MGRP if RAN4 indicates other values are needed
2: From RAN2 perspective, at least the following MGL values are applicable for MUSIM aperiodic gap.
· MGL: 1.5ms, 3ms, 3.5ms, 4ms, 5.5ms, 6ms, 10ms, 20ms
· Can add additional MGL/MGRP if RAN4 indicates other values are needed
3: keep three gaps agreement (i.e., 2 periodic gaps and 1 aperiodic gap) for now. Ask to RAN4 to clarify if one additional periodic gap can be possible without sacrificing NW A performance (exact LS wording for the question can be discussed offline). 
4: In the gap assistance information, UE provides gap repetition period and offset for periodic gaps, and (optionally) provides start SFN and subframe for the aperiodic gap.
10: NW configures start SFN and subframe for the aperiodic gap.
7: UE is allowed to initiate a UAI message with MUSIM preference in the target cell after handover, if the UE has sent UAI during the last 1 second.
Stage-3 details for gap configuration (e.g AddModReleaseList, gap id, gap modification) are postponed for now (pending the general MG discussion). Can consider P8/P9 as starting point from MUSIM perspective.
FFS on UAI details (alt1 or alt2) (regarding periodic/aperiodic gap pref). Companies are requested to provide corresponding Stage-3 CRs to next meeting.
NW is allowed to configure prohibit timer for MUSIM UAI, but it has to be allowed to be set to zero (i.e. no prohibit timer). FFS what is the maximum value (should be reasonable)
NAS AS Interaction
1: For NW switching with leaving RRC Connected state, RAN2 confirms the following understanding (aligned with SA2 agreements):
1.	For E-UTRAN/5GS scenario, only NAS-based solution is supported for UE network switching with leaving connected state.
2.	For NR/5GS scenario, both NAS-based and RRC-based solution are supported for UE network switching with leaving connected state.
3.	For NAS-based UE network switching with leaving connected state case, UE may provide a Paging Restriction Information to AMF only by NAS signaling.
4.	For RRC-based UE network switching with leaving connected state case, it is NOT supported to provide the Paging Restriction Information from a UE to RAN by RRC message.
5.	There is no need to define the interaction between RRC-level connection release procedure and NAS-level connection release procedure.
6.	When both NAS-level Connection Release and RRC-level connection release are supported by the UE and are configured by the NW, it is up to the UE implementation to determine which one to use.
7.	When NAS-based solution is used, the UE can only enter IDLE, while if RRC-based solution is used, then the UE can enter IDLE or INACTIVE.
4: Do not introduce a prohibit timer for RRC-level switching procedure for leaving RRC_CONNECTED state.
5: The waiting timer for leaving RRC Connection state should be set to a finite value which can allow the UE to switch in a reasonable time and not delay the urgent procedures on the other NW. Network controls whether UE is allowed to use leaving RRC connection for MUSIM purposes.
2: Switching notification for leaving RRC_CONNECTED state and without leaving RRC_CONNECTED state can be enabled separately.




2.1 MUSIM Gap’s Configuration Aspects
Need for Additional periodic Gap for MUSIM Operation
It is agreed in RAN2 #116bis-e to “keep three gaps agreement (i.e., 2 periodic gaps and 1 aperiodic gap) for now. Ask to RAN4 to clarify if one additional periodic gap can be possible without sacrificing NW A performance (exact LS wording for the question can be discussed offline)”. At least one periodic gap is needed for the UE to monitor paging in NW B. And a second periodic gap is needed for idle mode RRM measurements. The UE needs to read a number of SSB bursts to acquire time and frequency synchronization with the network before the PO to be able to decode the paging record in PDSCH. How many SSBs are sufficient to acquire the synchronization depends on the radio channel conditions and is highest if the UE is in poor radio channel condition. Hence, the UE may need only a single SSB or up to three (even more) in bad channel conditions. When network configures fixed gap pattern for PO monitoring in idle mode of NW-B, this gap length needs to cover the time required for UE to acquire time and frequency synchronisation using one to three or more SSBs followed by monitoring the common search space as per the PO calculation.
Gap length needed by a UE for paging monitoring may be different depending on the UE radio conditions.
Limiting the no. of periodic gaps to two implies that only one periodic gap may be used for paging monitoring and to be able to decode paging at any radio channel condition the UE has to consider the case where at least 3 SSBs are needed for synchronization. This means the gap length should include PO plus at least 3 SSB reception.
If only one periodic gap can be spent on paging reception from NW B, the gap length may consider the maximum time including at least 3 SSB reception for synchronization prior to the paging reception.
We consider that, to achieve higher flexibility as well as gap efficiency in adapting different gap needs, more than 3 gap patterns may be configured although at most 3 of the gap patterns (2 periodic and 1 aperiodic) may be active at the same time.
RAN2 to agree on support of one additional periodic gap for efficient MUSIM operation during these gaps.
MUSIM Gap Configuration changes for Rel-17 paging enhancements in NTWK-B
Furthermore, the UE has to monitor for paging in all PO locations in NW-B for which it has required a periodic gap from NW-A. However, in majority of occasions the UE may not find any paging addressed to it and may identify it quite early if a paging early indication is applied. The paging early indication will be introduced in release 17 as part of 3GPP work on UE power saving. The remaining time can be used by NW-A to reduce the impact due to interruption in data traffic. If the paging early indication is configured in NW-B, it is possible that the UE may return back to NW-A after paging early indication reception. UE may indicate this possibility in UAI for gap type so that UE and network can make use of the remaining gap for scheduling.
Proposal 2: RAN2 to consider modification to the gap assistance and configuration messages for Rel-17 enhancements to paging reception applied in NW-B.
[bookmark: _Hlk78806608]MUSIM Configuration changes for Release of MUSIM Gaps
When UE is configured with set of periodic gaps for MUSIM operation in NTWK-B, depending on the radio condition and idle mode features activated in NTWK-B for idle mode measurements, the UE may not require some of the gaps as the measurements relevant for these gaps are not needed. For example, in relaxed monitoring state the UE need not do inter-frequency measurements based on serving cell radio condition. In such case one of the periodic gaps assigned for these measurements can be released at NTWK-A. 
In case of cell reselection in NTWK-B, the gap parameters of already configured MUSIM gap may need to be changed for specific parameters such as gap length. After cell reselection depending on the new cell parameters the need for some gap type also may be changed. 
For the above scenarios, specific indication from UE to release configured gap is simple option for the network to release the specific gap. One of the alternatives discussed in RAN2-116bis-e was to exclude specific Gap preference in UAI for this scenario. If this alternative is chosen, the UE always needs to request for all the gap preference in UAI message. This may restrict the UE for the cases where the gap preference is to be updated for one of the gap configurations only. Also, this will require the RRC-Reconfiguration to include gap configuration for all gaps in response to those UAI messages. 
Observation 3: Explicit indication of Gap Configuration to be released in UAI is more signalling efficient way to handle different gap change scenarios for MUSIM operation.
Proposal 3: MUSIM Gap Assistance Information include new parameter musimGapsToRelease. The text proposal for modification to MUSIM-Assistance information in running CR is given in Table 1
	
MUSIM-Assistance-r17 ::=                  SEQUENCE {
	musim-PreferredRRC-State-r17      ENUMERATED {IDLE, INACTIVE}             OPTIONAL,
	musim-GapRequestList-r17        MUSIM-GapRequestList-r17                OPTIONAL,
 musim-GapReleaseList-r17       MUSI-GapReleaseList-r17   OPTIONAL
   ...
}
MUSI-GapReleaseList-r17  ::= SEQUENCE (SIZE (1..3)) OF MUSIM-Gap-ID



Table 1: MUSIM Assistance information to include Gap-Release-list.

MUSIM Gap Configuration conflict with Measurement Gaps
RAN2 has already agreed to reuse the gap configuration parameters already defined for measurement gaps for MUSIM gaps also with extended values for periodicity. According to the RAN4 discussions, the network may configure the MUSIM gaps overlapping with measurement gaps if the network has already configured the measurement gaps for its own connected mode measurements.  In such cases, as the Gap sharing between Network switching Gaps (Gaps for MUSIM) and measurement gaps are not supported in Rel-17, in order to avoid impact to current RAN4 specifications, the UE is expected to only do NTWK-A operation during this gap and MUSIM operation overlaps on this gap is not specified. Depending on UE capability or UE implementation the MUSIM operation in NTWK-B may get impacted due to this behaviour.
Observation 4:  As per RAN4 discussions for Rel-17 MUSIM, Gap sharing between MUSIM gaps and measurement gaps are considered in Rel-17. If the gaps overlap NTWK-A operation should be completed during the gap.
Paging monitoring in NTWK-B is one of the essential and high priority MUSIM operations during MUSIM gap at NTWK-B. As the location of paging occasion to be monitored in NTWK-B is fixed, the gap location cannot be changed for this operation. As per current running CR, whether the specific gap assistance information requires static gap location is not indicated to the network. This may lead to multiple issues for MUSIM operation for this gap depending on the network configuration for this gap assistance.  If the network attempt to change the gap location in its configuration, the gap configuration will not be beneficial for paging reception. If the network configures this MUSIM gap location overlapping with measurement gap configuration, UE cannot use this gap for paging monitoring as the UE is expected to do connected mode measurements as per above observation.  
Observation 5:  Gap Location for MUSIM Gap for paging monitoring should not be altered or should not overlap with measurement gap for un-interrupted paging reception at NTWK-B during MUSIM Gap.
Based on the above analysis, additional indication in the MUSIM Gap assistance information is needed for the network to handle the gap request related to static gap operations in different way than other gaps.
Proposal 4:  Gap-Priority is included in MUSIM-Gap-Info as per the TP given in Table 2
	MUSIM-GapInfo-r17 ::=          SEQUENCE {
    musim-Starting-SFN-AndSubframe-r17     MUSIM-Starting-SFN-AndSubframe-r17         OPTIONAL,
[bookmark: _Hlk94075463]    musim-GapLength-r17                    ENUMERATED {ms4, ms5dot5, ms6, ms10, ms20}, 
musim-GapRepetitionAndOffset-r17       CHOICE {
        ms20-r17                            INTEGER (0..19),
        ms40-r17                            INTEGER (0..39),
        ms80-r17                            INTEGER (0..79),
        ms160-r17                           INTEGER (0..159),
        ms320-r17                           INTEGER (0..319),
        ms640-r17                           INTEGER (0..639),
        ms1280-r17                          INTEGER (0..1279),
        ms2560-r17                          INTEGER (0..2559),
        ...
}         OPTIONAL -- Cond periodic,
   Musim-GapPriority                      ENUM(high)   -- OPTIONAL
}
MUSIM-Starting-SFN-AndSubframe-r17 ::=            SEQUENCE {
    starting-SFN-r17            INTEGER (0..1023),
    startingSubframe-r17        INTEGER (0..9)
}

Musim-GapPriority: If this field is included, the Gap configuration should ensure that NTWK-B operation is possible at the requested gap-offset for this gap.                   


Table 2: Inclusion of Gap-Priority in MUSIM-Gap-Info. 
Mismatch of configured MUSIM Gap against requested Gaps
Based on the MUSIM Gap assistance information received from UE, the network configures the MUSIM Gap using RRC Reconfiguration message to UE.  In some cases the gap configurations assigned by network for MUSIM operation may be different from the requested gap. Network may also decide not to configure gap for specific requested gap preference. The network decision on selection of gap configuration depends on multiple factors which may include the measurement gaps and other gaps already configured for the UE and scheduling operation and priority of ongoing traffic.
If the received MUSIM Gap configuration in RRC Reconfiguration message is not acceptable for the UE to continue with MUSIM operation with the given gaps, UE may need to reject the complete configuration and initiate the procedure related to RRC configuration failure. This will result in re-establishment procedure from the UE. As the configuration issue is only limited to MUSIM operation, it is preferred to report this failure in other means without triggering the legacy re-establishment procedure. Alternatively, the UE may indicate that the configured values are not acceptable in another UAI message with flag that requested gap configuration is mandatory. In this case the network should disable MUSIM Gap Assistance operation itself instead of attempting to configure the gaps.
Proposal 5:   RAN2 to discuss the UE behaviour on reconfiguration failure scenario for RRC Reconfiguration with MUSIM Gap configurations.

2.2 MUSIM Gap’s Impact Aspects
While gaps are useful and necessary for MUSIM operations, the impact of gaps on other aspects of UE operations in RRC_CONNECTED in a network like radio link monitoring/failure, mobility procedure, configured grants, or the impact on different access stratum timers need to be addressed.

When the UE has ‘gapped’ its RRC connection there may still be configured grants to be utilized in DL or UL direction. These grants may be related to initial HARQ transmissions and HARQ retransmissions to UEs in DL or CG/SPS provided to UE for its UL prior to the configured gap.  For MUSIM short gaps in the RRC connected USIM, used for downlink only activities, RRC connected USIM can continue uplink data transfer through the configured grants, but UE’s behaviour in this case is not defined. 

Observation 5: If the UE does not require UL for activity on NTWK-B during the gap, uplink activity/CG in NTWK-A can continue during the gap.

Proposal 6: RAN2 to define signalling procedure for NW to indicate the UE that configured grants are maintained or released when MUSIM gaps are configured.

Timers may have been configured to control UE behaviour (e.g. latest response time to an RRCReconfiguration, time to complete a handover, or declare radio link failure). Depending on the UE’s ongoing activities in RRC connection one or more timers may be running. A gap generated when a timer is running may cause timer expiry due to the gap and result in false evaluation in UE on the next step to take.  

For example, it may happen that the UE in RRC_CONNECTED state with NW-A is using gaps to switch to NW-B while it has detected radio link problem, e.g. the out-of-synch timer, T310, is running. It may even happen that the timer T310 expires before the UE has returned from the gap In such case, the UE stops monitoring the NW-A for possible In-Sync indication. Therefore, it should be studied whether the UE should pause the RLF timer (T310) while the gap is active. These conditions can be negotiated between the network and UE during the gap request and configuration procedure.


[bookmark: _Hlk92699594]Proposal 7: RAN2 to discuss and conclude the UE behavior related to MUSIM gap configurations when Timers related to other functionalities (e.g.T310) is running based on the impact to the affected functionality.
Similarly, the UE may undergo other critical mobility procedure, like a handover or serving beam change. In such cases, the UE may be performing a critical mobility procedure and an interruption (gap occurrence) may cause the UE to lose the connection due to handover failure or radio link recovery failure. Thus, it is of the network as well as UE’s interest to avoid interruption due to MUSIM gaps in NW-A as long as a procedure like handover or beam change is not completed to avoid delay in completion of the procedure which in worst case may end up in lost connection to NW-A Therefore the MUSIM gap operation should support temporary disabling of gaps to enable UE to complete some critical operations at NTWK-A in time. In order to avoid extra signaling overhead as well as possibility to react fast to these conditions it should be allowed to skip the gaps at conditions which are aligned between the UE and network when the gap purpose – known at UE – allows it.  For this purpose, the gap assistance information can indicate that the requested gaps can be disabled temporarily linked to specific events such as measurement-report for handover, beam-failure-recovery. 

Proposal 8: Temporary disabling of MUSIM Gaps when starting high priority signaling procedures should be supported for periodic MUSIM gaps.
Proposal 9: MUSIM Assistance information for periodic gaps include Flag that the gaps are disabled automatically for specific mobility events (i.e expected handover command, conditional handover command, RLF timer).

3	Conclusion
The following proposals and observations were made in this paper related to the different sections above:
For MUSIM Gap Configuration: Configuration Aspects

Observation 1: Gap length needed by a UE for paging monitoring may be different depending on the UE radio conditions.
Observation 2: If only one periodic gap can be spent on paging reception from NW B, the gap length may consider the maximum time including at least 3 SSB reception for synchronization prior to the paging reception.
Proposal 1: RAN2 to agree on support of one additional periodic gap for efficient MUSIM operation during these gaps.
Proposal 2: RAN2 to consider modification to the gap assistance and configuration messages for Rel-17 enhancements to paging reception applied in NW-B.
Observation 3: Explicit indication of Gap Configuration to be released in UAI is more signalling efficient way to handle different gap change scenarios for MUSIM operation.
Proposal 3: MUSIM Gap Assistance Information include new parameter musimGapsToRelease. The text proposal for modification to MUSIM-Assistance information in running CR is given in Table 1
Observation 4:  As per RAN4 discussions for Rel-17 MUSIM, Gap sharing between MUSIM gaps and measurement gaps are considered in Rel-17. If the gaps overlap NTWK-A operation should be completed during the gap.
Observation 5:  Gap Location for MUSIM Gap for paging monitoring should not be altered or should not overlap with measurement gap for un-interrupted paging reception at NTWK-B during MUSIM Gap.
Proposal 4:  Gap-Priority is included in MUSIM-Gap-Info as per the TP given in Table 2
Proposal 5:   RAN2 to discuss the UE behaviour on reconfiguration failure scenario for RRC Reconfiguration with MUSIM Gap configurations.

For MUSIM Gap Configuration: Operational Aspects

Observation 5: If the UE does not require UL for activity on NTWK-B during the gap, uplink activity/CG in NTWK-A can continue during the gap.
Proposal 6: RAN2 to define signalling procedure for NW to indicate the UE that configured grants are maintained or released when MUSIM gaps are configured.
Proposal 7: RAN2 to discuss and conclude the UE behavior related to MUSIM gap configurations when Timers related to other functionalities (e.g.T310) is running based on the impact to the affected functionality.
Proposal 8: Temporary disabling of MUSIM Gaps when starting high priority signaling procedures should be supported for periodic MUSIM gaps.
Proposal 9: MUSIM Assistance information for periodic gaps include Flag that the gaps are disabled automatically for specific mobility events (i.e expected handover command, conditional handover command, RLF timer).
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