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1. 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]:
RAN2#116bis-e has discussed the MUSIM gaps further and agreed on the following:
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). 

For the last agreement, an LS was sent to RAN4 regarding the possibility of one additional periodic gap. RAN4 has responded to RAN2 with their conclusions in [5].
In this contribution, we discuss further details on MUSIM gaps while considering RAN4 response in [5].
2. Discussion 
In the first LS to RAN4 on MUSIM gaps [2], RAN2 provided the applicable scenarios where MUSIM gaps will be used. In the response LS to this [3], RAN4 observed that existing “legacy gap patterns can fulfill this task, but with low efficiency in some scenarios”.
RAN2#115 agreement on MUSIM gaps limited the number of periodic gaps and aperiodic gap to one. 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 1: 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 2: 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. 
In RAN2#116bis-e, increasing the number of periodic gaps to three was discussed. Some companies had concern on the performance and wanted to get RAN4 feedback. RAN4 responded to this question as follows:
RAN2 keep three gaps agreement (i.e., 2 periodic gaps and 1 aperiodic gap) for now. However, RAN2 also sees the low efficiency in some cases if only 2 periodic gaps are allowed.
RAN2 would like RAN4 to clarify if one additional periodic gap can be possible without sacrificing NW A performance?
RAN4 discusses the application scenario of question 3 and concludes that RAN4 will not take any work on Q3 of [R2-2201717] within Rel-17 time frame. From signalling perspective, RAN4 understand it is up to RAN2 to determine whether to introduce signalling to support configurations with more than two periodic gaps for MUSIM in Rel-17 or not

In short, RAN4 says that any performance study will be done in Rel-18 and the number of gaps in ASN.1 is up to the RAN2.
Observation 3: RAN4 left the decision on signaling of MUSIM gaps, including the maximum number, to RAN2.
Based on the above discussion and RAN4 response, we do not see any reason not to increase the number of MUSIM periodic gaps to 3.
Proposal 1: The maximum number of MUSIM periodic gaps will be 3 with the following ASN.1 changes:
MUSIM-GapConfig-r17 ::=                  SEQUENCE {
	musim-GapToReleaseList-r17       SEQUENCE (SIZE (1..23)) OF MUSIM-GapID-r17               OPTIONAL,
	musim-GapToAddModList-r17        SEQUENCE (SIZE (1..23)) OF MUSIM-GapInfo-r17             OPTIONAL,	       
	musim-AperiodicGap-r17           MUSIM-GapInfo-r17                OPTIONAL, -- Need N
   ...
}

-- ASN1START
-- TAG-MUSIM-GAPID-START

MUSIM-GapID-r17 ::=                  INTEGER (0..12)

-- TAG-MUSIM-GAPID-STOP
-- ASN1STOP

In the response LS, RAN4 also included the table for MUSIM gaps. Based on the scenarios provided by RAN2, RAN4 did introduce new periodicities to match the paging DRX cycles. However, they did not increase the gap duration beyond already allowed by Rel-16. The maximum gap duration in the table is 20ms which was introduced for positioning in the past. While 20ms can be sufficient for positioning, it may not be so for MUSIM purposes. For example, for SI reception, the distance between SSB location and SI transmission could be up to the SSB periodicity. As we assume the UE will use aperiodic gap for this purpose, a more reasonable gap duration will need to be more than 20ms. The same problem will exist for periodic gaps if we do not increase the number of periodic gaps. A choice of 30ms is a reasonable value considering other activities the UE performs for SSB and SI reception.
Observation 4: Gap duration of more than 20ms is needed for the UE to measure SSB and receive SI.
Observation 5: If the number of periodic gaps is kept at 2, longer gap duration will also be needed for paging reception.
Proposal 2: RAN2 should recommend RAN4 to increase MUSIM gap durations to 30ms.
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. 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 a better option. Another option, similar to DAPS source cell behavior, is to continue RLM and BFD but not take any corrective action when failure happens. 
Proposal 3: RAN2 should clarify the handling of RLM and BFD during MUSIM gap durations.

3. Conclusion
In this document, we have discussed further details on configuration of MUSIM gaps and propose the following:
Observation 1: Using a single periodic gap configuration for paging reception will not be optimal when the SSB and PO are not in close proximity.
Observation 2: 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.
Observation 3: RAN4 left the decision on signaling of MUSIM gaps, including the maximum number, to RAN2.
Proposal 1: The maximum number of MUSIM periodic gaps will be 3 with the following ASN.1 changes 
MUSIM-GapConfig-r17 ::=                  SEQUENCE {
	musim-GapToReleaseList-r17       SEQUENCE (SIZE (1..23)) OF MUSIM-GapID-r17               OPTIONAL,
	musim-GapToAddModList-r17        SEQUENCE (SIZE (1..23)) OF MUSIM-GapInfo-r17             OPTIONAL,	       
	musim-AperiodicGap-r17           MUSIM-GapInfo-r17                OPTIONAL, -- Need N
   ...
}

-- ASN1START
-- TAG-MUSIM-GAPID-START

MUSIM-GapID-r17 ::=                  INTEGER (0..12)

-- TAG-MUSIM-GAPID-STOP
-- ASN1STOP

Observation 4: Gap duration of more than 20ms is needed for the UE to measure SSB and receive SI.
Observation 5: If the number of periodic gaps is kept at 2, longer gap duration will also be needed for paging reception.
Proposal 2: RAN2 should recommend RAN4 to increase MUSIM gap durations to 30ms.
Proposal 3: RAN2 should clarify the handling of RLM and BFD during MUSIM gap durations.
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