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1. [bookmark: _Ref165266342]Introduction
RAN2#115e has 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, requesting feedback on these gaps such as acceptable periodicity and durations to support the scenarios agreed by RAN2.
In this contribution, we discuss further details on gaps, which can be agreed by RAN2 without any RAN4 feedback.
2. Discussion 
For non-DC, it was agreed that the gap configuration will be at the UE level. This means that the UE can not have gaps only for certain bands in non-CA case. This is not really optimal, especially for FR1 + FR2 CA, since the UE may need the gap only for certain bands. However, for the sake of progress, we will assume that this agreement stays and further optimizations can be done in the future.
Observation 1: For non-DC case, per UE level gap configuration may not be optimal in certain CA band combinations for CA.
For DC, a similar problem exists. The UE may need the gap only for SN or MN. A very practical example is USIM A operating in EN-DC and USIM B operating in NR. Then, the UE will likely need gaps for only SN on USIM A. Similar conditions will also apply for NR-DC, for example if SN in FR2 and the other USIM is FR2 SA.
Observation 2: In many DC scenarions, for example EN-DC + NR, NR-DC + NR, the gaps may be needed only for SN.
If the UE is not configured with per CG gaps, then the UE will have to request gaps for both CGs which will unnecessarily disrupt the connection in the other CG.
Observation 3: Using per-UE gaps will cause an unnecessary disruption to the CG which does not need a gap.
Based on these, it is obvious that the gap configuration should be per CG level. As always, this can be the UE request while it will be up to the NW decision whether to configure the gaps per CG or UE.
Proposal 1: MUSIM gaps only for MCG or SCG should be supported.
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 [1] 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 2: Any cell selection procedure should also be captured as a potential scenario for MUSIM gaps.
Another 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 4: Using a single periodic gap configuration for paging reception will not be optimal when the SSB and PO are not in close proximity.
Based on this, it is better for the UE to use two periodic gap configurations for paging reception. 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 3: More than two periodic gap patterns should be supported. This can be an optional UE capability.
It is difficult for the UE to precisely estimate the exact time needed to complete the Idle/Inactive activities captured by the scenarios by RAN2. Therefore, the UE will have to be conservative and request the duration corresponding to the worst case. However, in many instances, the UE may be able to finish the activity earlier. 
There was some discussion on using MAC CE and RRC for the UE to indicate early return from the gap during the email discussion for the gaps. However, there was no agreement on this. Here, we will assume that new signaling for early indication will not be introduced.
Then, one question is whether the UE can still use the uplink resources which happen within the gap duration if the UE is able to return from the gap early. For example, there could be PUCCH for SR, CSI, or even HARQ feedback. If existing procedures for these trigger a transmission, then it makes sense that the UE should be able to follow this. The NW can interpret this as that the UE is now back and thus continue with normal Connected mode procedures.
Observation 5: It is possible that PUCCH resources can fall within the MUSIM gap and the existing procedures can trigger a new PUCCH transmission.
Proposal 4: The UE should be allowed to initiate uplink transmission during the gap, when it is able to do so due to early termination of the gap, when this transmission is triggered by the existing procedures. No specification changes are needed.
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 5: If MUSIM gaps require longer duration than measurement gaps, RAN2 should discuss options for handling of RLM and BFD.
There is also an FFS from RAN2#115e on whether “if gap can be released autonomously by UE after N repetitions”. The assumption here is that the periodic gap configuration can include the number of repetitions and thus the UE can release the gap after this number of repetition. This is a useful optimization and will reduce the signaling overhead by eliminating the release message. Without this, the NW will need to explicitly send a message to release the configuration. When the number of repetitions is 1, it is equivalent to aperiodic configuration and thus a common signaling can be used.
Observation 6: Configuring the gap pattern with the number of repetitions can eliminate the release message for periodic gaps and provide a common signaling for both periodic and aperiodic gaps.

Proposal 6a: The gap configuration can include a number N for the number of repetitions of the gap. N can also take values 1 and infinity and be requested by the UE. 
Proposal 6b: If N is configured, the gap pattern is released after the gap is used N times. The NW can release the gap pattern before N repetitions by explicit signaling. 

RAN2#115e has also agreed that the UE “may” include assistance information for the gap configuration, including “Gap start time, Duration of the gap and gap repetition period (for periodic)”. One FFS was whether any other information can be included, such as the “gap purpose”.
Including “gap purpose” will have no impact on the gap configuration and thus is not useful information for the NW. More importantly, this is not a testable behavior since the UE will be switching to another NW and there is no way to confirm the actual activity of the UE on the other NW. In addition, definining the actual UE activity on the other NW will be difficult. For example, the UE may perform neighbor measurements while monitoring paging if the UE has the capability to do so. However, we do assume that the configuration of MUSIM gaps will be separate from the existing measurement gaps.
Observation 7: “Gap purpose” is not needed for MUSIM gap configuration by the gNB and the actual usage of the gap by the UE is not a testable and verifiable behavior.
Proposal 7: “Gap purpose” is not included in UE assistance information for MUSIM gap request.
Proposal 8: RAN2 assumes that MUSIM gaps are configured separately from existing measurement gaps.
There was no explicit decision on the signaling to be used for the UE assistance information for the gap configuration. However, it was clear to many companies that existing UEAssistanceInformation is the natural choice. We can also assume that this message will be used for network switching when leaving the Connected mode as there is already existing Rel-16 IEs and procedure for that purpose. Therefore, there doesn’t seem to be any benefit in introducing a new RRC message for MUSIM gaps.
Proposal 9: The UE will provide MUSIM gap assistance information by sending UEAssistanceInformation. The MUSIM gaps are configured by RRCReconfiguration procedure.

3. Conclusion
In this document, we have discussed further details on MUSIM gaps and propose the following:
Observation 1: For non-DC case, per UE level gap configuration may not be optimal in certain CA band combinations for CA.
Observation 2: In many DC scenarions, for example EN-DC + NR, NR-DC + NR, the gaps may be needed only for SN.
Observation 3: Using per-UE gaps will cause an unnecessary disruption to the CG which does not need a gap.
Proposal 1: MUSIM gaps only for MCG or SCG should be supported.
Proposal 2: Any cell selection procedure should also be captured as a potential scenario for MUSIM gaps.
Observation 4: Using a single periodic gap configuration for paging reception will not be optimal when the SSB and PO are not in close proximity.
Proposal 3: More than two periodic gap patterns should be supported. This can be an optional UE capability.
Observation 5: It is possible that PUCCH resources can fall within the MUSIM gap and the existing procedures can trigger a new PUCCH transmission.
Proposal 4: The UE should be allowed to initiate uplink transmission during the gap, when it is able to do so due to early termination of the gap, when this transmission is triggered by the existing procedures. No specification changes are needed.
Proposal 5: If MUSIM gaps require longer duration than measurement gaps, RAN2 should discuss options for handling of RLM and BFD.
Observation 6: Configuring the gap pattern with the number of repetitions can eliminate the release message for periodic gaps and provide a common signaling for both periodic and aperiodic gaps.
Proposal 6a: The gap configuration can include a number N for the number of repetitions of the gap. N can also take values 1 and infinity and be requested by the UE. 
Proposal 6b: If N is configured, the gap pattern is released after the gap is used N times. The NW can release the gap pattern before N repetitions by explicit signaling. 
Observation 7: “Gap purpose” is not needed for MUSIM gap configuration by the gNB and the actual usage of the gap by the UE is not a testable and verifiable behavior.
Proposal 7: “Gap purpose” is not included in UE assistance information for MUSIM gap request.
Proposal 8: RAN2 assumes that MUSIM gaps are configured separately from existing measurement gaps.
Proposal 9: The UE will provide MUSIM gap assistance information by sending UEAssistanceInformation. The MUSIM gaps are configured by RRCReconfiguration procedure.
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