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1. [bookmark: _Ref165266342]Introduction
RAN2#115e and RAN2#116e [1] have made many agreements on the MUSIM “gaps” used for switching to another USIM for Idle/Inactive mode procedures while staying in Connected mode in the one USIM.
RAN2#115e has also sent an LS to RAN4 [2], requesting feedback on these gaps such as acceptable periodicity and durations to support the scenarios agreed by RAN2.
RAN4 has responded to the RAN2 LS [3], clarifying the applicability of existing gaps for MUSIM. 
In the meantime, RAN#94e has updated the MUSIM WI [4] by adding the following objective for RAN4:
Specify that existing gap patterns in TS 38.133 can be applicable for MUSIM and also define new gap patterns for MUSIM [RAN4]:
In this contribution, we discuss further details on MUSIM gaps while considering RAN4 response.
2. Discussion 
Based on RAN4 reply LS and RAN#94 outcome, it is safe to assume that legacy gap patterns, including for Rel-16 Positioning, will be applicable to MUSIM. In addition, RAN4 may introduce new gap patterns in Rel-17, at least new periodicities to match Idle/Inactive paging cycles. As also noted in the RAN4 LS and discussed in previous RAN2 meetings, the legacy gap durations are not optimal for MUSIM purposes. Therefore, RAN2 and RAN4 should continue to discuss new gap patterns for the MUSIM scenarions captured in RAN2 LS to RAN4. 
Observation 1: RAN4 observed that existing “legacy gap patterns can fulfill this task, but with low efficiency in some scenarios”.
Observation 2: RAN tasked RAN4 to “define new gap patterns for MUSIM” 
We can take the following as a baseline in RAN2 discussions.
Proposal 1: RAN2 to assume the following for MUSIM gaps, unless notified differently by RAN4:
· All legacy measurement gap patterns, including #24 and #25, are applicable to MUSIM
· RAN4 will introduce new gap periodicities to match paging cycles.
· Longer gap durations may be introduced if needed.
One agreement in RAN2#115e was for the number of gap patterns which can be configured. This was limited to two for periodic and one for aperiodic. The assumption here was that one periodic pattern can be used for paging monitoring and reception and the second periodic pattern can be used for Idle/Inactive mode measurements. It was also assumed that one aperiodic pattern should suffice for SI reception, including on demand, and other activies such as RNAU.
Limiting the periodic gaps to two is not an optimal choice when the Idle mode activity is in NR. Unlike LTE, the reference signals (SSB) could be far from the paging occasion (PO) in NR. In most NR deployments, SSB periodicity is 20ms. Thus the distance between the SSB and PO could be up to 20ms. This number could be higher if the NW uses longer periodicity (the specification allows up to 160ms).
If the UE uses a single periodic gap pattern for paging reception, it will have to request a gap duration to cover both the SSB and the PO. In this case, the time between the SSB and PO will be wasted since the UE will not be doing anything else for this connecting other than waiting for the PO instance. Such time can be used more efficiently if the UE can go back to the first USIM in Connected mode and perform data transfer.
Observation 3: Using a single periodic gap configuration for paging reception will not be optimal when the SSB and PO are not in close proximity.
A single gap pattern will also not be possible to cover Scenario 1 if only legacy gap patterns are used since their gap durations can not cover the time needed for SSB reception, AGC, and PO. This was noted in RAN4 LS [3] as follows:
· Regarding serving cell measurement, neighbor cell measurements including intra-frequency, inter-frequency and inter-RAT measurements, RAN4 concluded that the legacy gap patterns can fulfill this task, but with low efficiency in some scenarios.
· Regarding SSB for AGC and paging reception, RAN4 has the following conclusions:
· A legacy measurement gap patterns can be used, but with low efficiency.
· Additional gap patterns can be used for paging reception with/without SSB for AGC. These gap patterns could be a new measurement gap patterns whose measurement gap length (MGL) can be the same as legacy MGL, but with longer MGRP equal to network B DRX cycles like {320, 640, 1280, 2560} in RRC IDLE mode.

Observation 4: RAN4 has also observed that using legacy gap patterns will not be optimal for Scenario 1 based on the fact that a single pattern can not cover the time needed to perform the tasks.
Therefore, the UE has to use two periodic gap configurations for paging reception, at least when legacy gap durations are used. However, if the UE does this, it will not have another periodic pattern to perform Idle/Inactive mode measurements. If companies have concern on any UE complexity, this can be made an optional capability.
Proposal 2: More than two periodic gap patterns should be supported, at least for the case when only legacy gap durations are used. More than two periodic gaps can be an optional UE capability.
For the aperiodic gap pattern which RAN2 envisoned for MIB/SI reception and other one-shot messages (e.g. RNAU), RAN4 responded that “an aperiodic gap pattern can fulfill the task of MIB/SIB1 reading” but RAN4 has not “reached conclusions” on Scenario 3.
Now that RAN4 has been given official TU allocation and tasked with defining new gap patterns, RAN2 should continue to assume that aperiodic gap patterns should be introduced with necessary durations.
Proposal 3: RAN2 continue to assume that aperiodic gap patterns are introduced for MUSIM purposes to cover Scenario 2 and Scenario 3.
RAN2 has not discussed how RLM and BFD can be affected during MUSIM gaps. For measurement gaps, these continue without any changes to the UE behavior. The same can also be used for the MUSIM gaps. However, pending RAN4 feedback, it is possible that the MUSIM gaps could be much longer in duration. In this case, it might be better to suspend RLM and RLF to prevent unnecessary failures. Since the gap occurrence is known to both the UE and the gNB, this is a viable alternative. Another option, similar to DAPS source cell behavior, is to continue RLM and BFD but not take any corrective action when failure happens.
Proposal 4: If MUSIM gaps require longer duration than measurement gaps, RAN2 should discuss options for handling of RLM and BFD during gap times.

One FFS from RAN2#116e was “how UE indicates release of gap pattern”. Since it was already agreed that the request for MUSIM gaps would be via UAI, it is logical to re-use the same message. The release can be indicated by a new flag or by not including the gap pattern. In current UAI messages, the UE signals no-preference by not including the fields, e.g. for DRX or overheating. The same mechanism can be adopted also for MUSIM gaps. It can be possible to use an ID for a gap pattern to optimize signaling.
Proposal 5: The UE signals the request to release a gap pattern by not including it in UAI. It is FFS if the complete gap pattern or a NW assigned ID is used.
Another FFS from RAN2#116e was th following:
7: 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.

In general, there should be no restriction of when the UE can request new gap patterns. This can be due to cell selection/reselection in NW B or handover in NW A. But the specification should not capture when the UE is allowed to send or update UAI. This is also the same behavior adopted for other UAI messages, e.g. overheating or DRX assistance.
Observation 5: When the UE sends assistance information are not specified in legacy UAI.
Proposal 6: The triggers for when the UE can request new MUSIM gap patters are not specified and are left to the UE implementation. 
RAN2 has agreed on several scenarios which should be addressed by MUSIM gaps. These were also captured in the LS to RAN4. Even though these scenarios will not directly be reflected in the specifications, they will be used for determining the appropriate parameters for the gaps.
Scenarios 1, 2, and 3 in [2] cover the typical activities used by the UE in Idle/Inactive when it is staying in coverage. However, it doesn’t include the UE going out of coverage and thus performing any cell selection. This usually takes a longer time and can impact the gap duration needed for aperiodic gap. Therefore, it would be useful to also include this scenario in our discussions.
Proposal 7: Any cell selection procedure should also be captured as a potential scenario for MUSIM gaps.

3. Conclusion
In this document, we have discussed further details on MUSIM gaps and propose the following:
Observation 1: RAN4 observed that existing “legacy gap patterns can fulfill this task, but with low efficiency in some scenarios”.
Observation 2: RAN tasked RAN4 to “define new gap patterns for MUSIM” 
We can take the following as a baseline in RAN2 discussions.
Proposal 1: RAN2 to assume the following for MUSIM gaps, unless notified differently by RAN4:
· All legacy measurement gap patterns, including #24 and #25, are applicable to MUSIM
· RAN4 will introduce new gap periodicities to match paging cycles.
· Longer gap durations may be introduced if needed.
Observation 3: Using a single periodic gap configuration for paging reception will not be optimal when the SSB and PO are not in close proximity.
Observation 4: RAN4 has also observed that using legacy gap patterns will not be optimal for Scenario 1 based on the fact that a single pattern can not cover the time needed to perform the tasks.
Proposal 2: More than two periodic gap patterns should be supported, at least for the case when only legacy gap durations are used. More than two periodic gaps can be an optional UE capability.
Proposal 3: RAN2 continue to assume that aperiodic gap patterns are introduced for MUSIM purposes to cover Scenario 2 and Scenario 3.
Proposal 4: If MUSIM gaps require longer duration than measurement gaps, RAN2 should discuss options for handling of RLM and BFD during gap times.
Proposal 5: The UE signals the request to release a gap pattern by not including it in UAI. It is FFS if the complete gap pattern or a NW assigned ID is used.
Observation 5: When the UE sends assistance information are not specified in legacy UAI.
Proposal 6: The triggers for when the UE can request new MUSIM gap patters are not specified and are left to the UE implementation. 
Proposal 7: Any cell selection procedure should also be captured as a potential scenario for MUSIM gaps.
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