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1	Introduction
Rel-18 WID for MUSIM enhancements is described in RP-220955, Dual Transmission/Reception (Tx/Rx) Multi-SIM for NR [1], with the RAN2-related objective as copied below.
	[bookmark: _Hlk115343116]1. Enhancements for MUSIM procedures to operate in RRC_CONNECTED state simultaneously in NW A and NW B. [RAN2, RAN3, RAN4].
· Specify mechanism to indicate preference on temporary UE capability restriction and removal of restriction (e.g. capability update, release of cells, (de)activation of configured resources) with NW A when UE needs transmission or reception (e.g., start/stop connection to NW B) for MUSIM purpose
· RAT Concurrency: Network A is NR SA (with CA) or NR DC. Network B can either be LTE or NR.
· Applicable UE architecture: Dual-RX/Dual-TX UE

The work item shall identify whether the WI will have RAN3 or RAN4 impacts by RAN#99 [RAN2].



In this discussion, we analyze the additional issues related for Dual TX/RX MUSIM operation over the basic solution related to capability restriction. 
· We analyze the potential enhancements possible  that minimize the data interruption for Dua TX/RX MUSIM operation in section 2.1 -2.3.
· In section 2.4 we propose alternative means to minimise the signalling overhead/delay for removal of restriction for dual-connectivity scenario. 
· Interworking of capability restriction for mobility enhancements features is discussed in section 2.5

2	Discussion
In addition to reducing the capability related to CA and DC for the MUSIM operation of Dual TX/RX UE, it is important to consider some additional scenarios for Dual TX/RX that will be beneficial for the better performance of UE in both NWs. In this contribution we discuss on these additional scenarios that are also important to consider after finalising the basic solution related to the primary scenarios.
2.1 CG-specific MUSIM Gap configuration for Dual TX/RX UE
In Rel-17, the MUSIM gaps are common to both cell groups of dual connectivity and it is configured only via MCG. This is not optimum for dual connectivity operation where both CGs  will avoid scheduling during the gaps. For Dual TX/RX capable UE operating with Dual connectivity at NW-A, gaps for idle mode operations at NW-B are needed in only one of the receivers. So the MUSIM gap preference signaling procedure of Rel-17 can be extended to allow CG-specific UAI for UE capable of Dual TX/RX.
Proposal 1: Cell-Group specific Gap preference and configuration are allowed for Dual TX/RX UE in Rel-18.
2.2 Capability sharing for MUSIM operation in C-DRX operation
For Dual TX/RX capable UE operating with Dual connectivity at NW-A with C-DRX active in SCG, the TX/RX resources assigned for SCG are not occupied or not used during the C-DRX off duration. It is possible to share the TX/RX for NW-B RRC connection during this DRX off-cycle. In this case the UE need not release the SCG at NW-A to start the RRC connection at NW-B. Instead the UE may provide assistance information for ON duration that should be configured for the MUSIM operation.  If NW-B can adapt its scheduling according to the assistance information the dual RRC connection will be possible in this scenario without capability reduction signalling procedure.
Proposal 2:  For NW-A Dual connectivity operation with C-DRX, the establishment of RRC connection at NW-B without the release of SCG is considered instead of SCG Release.  FFS additional information is included in the RRC message at NW-B to enable resource sharing using C-DRX gaps.
When UE is operating with DC in NW-A and C-DRX is configured at least for SCG the UE need not release the RRC connection if the UE wants to start small data transmission without RRC connection setup. Because the SDT can be completed within C-DRX off-cycle without impacting ongoing scheduling at NW-A.  It is upto UE implementation to decide on the right time to start SDT without releasing any resource at NW-A based on the pending RRM measurements needed for C-DRX operation. In this case the UE implementation may reject the fallback to RRC connection from SDT as it may require the release of SCG at NW-A. 
Proposal 3:  Small Data Transmission at NW-B should be allowed in NW-B without triggering UAI to release the cell group at NW-A depending on the gaps available to complete the SDT.
[bookmark: _Hlk141708692]2.3 Carrier-Specific Gaps for capability sharing
In Rel-17, for any access attempt for data transmission either the RRC connection setup at NW-B or the RRC connection at NW-A has to be released via MUSIM leave assistance information. After completion of the activity at NW-B, the UE should set up an RRC connection or resume the connection at NW-A depending on the state at the release of RRC connection.  For RRC connection with NW-B that exists for short time, such as NAS signaling procedure, RNA update or small data transmission, the signaling procedure at NW-A is high and also the network needs to release and re-establish the resources leading to higher interruption for NW-A performance. The aperiodic gaps introduced in Rel-17 is too short to complete such a short signaling procedure. 
Observation 1: For short RRC connection or SDT at NW-B, the Rel-17 MUSIM switching mechanism is not optimized for signaling overhead and data interruption performance at NW-A.
One of the objectives of Rel-18 WID is to define a switching procedure to release secondary cells or secondary cell groups at NW-A for starting RRC connection in NW-B. If the activity at NW-B is very short as described above, there will be a need to have two RRC procedures to release secondary cells and restore or add them back to the connection.  This also leads to a longer time at NW-A to resume back to its original resource situation prior to restriction due to multiple procedures involved. 
Observation 2: Release of secondary cells /cell groups at NW-A and adding them back via RRC procedure for short RRC connection at NW-B will result in signaling overhead and longer interruption time than the actual duration of NW-B activity.
For this scenario, a new aperiodic gap specific to the secondary cell where the MUSIM UE wants the NW-A to suspend its activity can be introduced in UAI.  This aperiodic gap for capability sharing is different from the aperiodic gap in Rel-17 where the receiver is switched between NW-A and NW-B. Moreover, during this Rel-18 aperiodic gap, UE can operate simultaneously with NW-A and NW-B using a separate receiver. Only the number of secondary cells is reduced in NW-A during this gap. 
Proposal 4: RAN2 to consider defining an aperiodic gap for ‘suspension of secondary-cell /secondary cell group’ for short activity (e.g short signaling, SDT) at NW-B whose maximum duration is known to UE.
In some scenarios, both USIM operations may need the full capability for the RRC connection. In such scenarios, the UE can support this MUSIM operation if the UE can switch the complete UE capability across the two USIM operations in time shared manner. For this time-shared operation, the UE may need to negotiate the gap configuration for capability sharing. These gaps are different from the Rel-17 MUSIM gap where there is a need to switch the RX from one NW to other NW. For Rel-18 MUSIM scenario with capability sharing, the UE can continue with TX/RX in both USIM without any switching of TX/RX between NW and instead, it needs to create gap for NW operation to allow the capability to be used by other NW.
Proposal 5: RAN2 to consider periodic gaps for capability sharing for Rel-18 MUSIM operation which does not require capability restriction and removal of restrictions across NW.
2.4 Conditional configuration for CPA for fast reconfiguration of DC for MUSIM operation
For short RRC connection scenario at NW-B it is preferred to deactivate the secondary cells or secondary cell groups at NW-A instead of explicit release of resources. Because additional RRC signaling would be required to add the secondary cells /cell groups followed by activation to resume the NW-A operation to its earlier capacity.  Due to additional complexity involved in UE maintaining the configurations beyond the actual capability and also need to modify RRM requirements related to the deactivated state for MUSIM operation there was no consensus to support the deactivated resources for MUSIM operation.  
The problem associated with the release and addition of SCG at NW-A for short RRC connection at NW-B can be mitigated if the UE includes an additional indication in UAI for the release of cell-group for fast-activation of SCG. Based on this indication NW-A can prepare CPA configuration when it triggers SCG release in response to UAI for SCG-release. The execution condition related to this CPA configuration is not evaluated at NW-A until the UE returns to NW-A after the release of the RRC connection at NW-B.  On release of RRC connection at NW-B UE resume evaluation for CPA and complete the SCG addition without additional RRC signalling procedure.
Proposal 6: UAI for Cell-Group Release includes additional information on the purpose/cause that can be used by NW-A on whether to maintain resources for return after NW-B activity.
Observation 3A: As per the current specification, It is possible to include conditional configuration for CPA in the RRC Reconfiguration that indicates the release of SCG for MUSIM operation.
Proposal 7: For CPA configuration included in the RRC Reconfiguration that releases SCG for MUSIM operation the evaluation is postponed until UE returns.
2.5 Impact of temporary capability restrictions on Mobility Enhancement Features
For CHO or CPAC, the UE stores conditional configuration to be applied when a specific measurement condition is met. When the UE is starting RRC connection at NW-B the UE only considers the current configuration and trigger UAI for the release of resources if it is needed for NW-B operation. If the check does not include the conditional configurations stored for later execution which is under evaluation, there will be a mismatch of configuration for CHO/CPAC execution and lead to mobility failure. 
Observation 4: Starting of RRC connection at NW-B when UE has stored conditional configuration may result in mobility failure if these configurations are not considered in the capability restriction check.
Proposal 8: RAN2 to discuss the impact to conditional configurations when UAI for temporary capability restriction is triggered.
UE capable of DAPS will require all the radio layers for both source and target cells to be active for a short duration during mobility to minimize the interruption. The DAPS operation will require all the dual TX/RX resources dedicated to one of the NW operations for MUSIM UE. In such cases how the RRC configuration containing DAPS activation is handled at MUSIM UE needs to be analyzed to ensure that mobility performance is not impacted at NW-A.
Proposal 9: RAN2 to study the impact to DAPS configuration from Rel-18 MUSIM capability restriction.


3	Conclusion
We analyzed the additional issues and enhancements possible for Dual TX/RX MUSIM operation over the basic signaling aspects and interworking impacts with mobility features in this paper. Following Proposals and observations are made based on the analysis.
MUSIM Gap Configuration for Dual TX/RX UE
Proposal 1: Cell-Group specific Gap preference and configuration are allowed for Dual TX/RX UE in Rel-18.
C-DRX gaps for Capability Sharing
Proposal 2:  For NW-A Dual connectivity operation with C-DRX, the establishment of RRC connection at NW-B without the release of SCG is considered instead of SCG Release.  FFS additional information is included in the RRC message at NW-B to enable resource sharing using C-DRX gaps.
Proposal 3:  Small Data Transmission at NW-B should be allowed in NW-B without triggering UAI to release the cell group at NW-A depending on the gaps available to complete the SDT.
Gaps for Capability Sharing 
Observation 1: For short RRC connection or SDT at NW-B, the Rel-17 MUSIM switching mechanism is not optimized for signaling overhead and data interruption performance at NW-A.
Observation 2: Release of secondary cells /cell groups at NW-A and adding them back via RRC procedure for short RRC connection at NW-B will result in signaling overhead and longer interruption time than the actual duration of NW-B activity.
Proposal 4: RAN2 to consider defining an aperiodic gap for ‘suspension of secondary-cell /secondary cell group’ for short activity (e.g short signaling, SDT) at NW-B whose maximum duration is known to UE.
Proposal 5: RAN2 to consider periodic gaps for capability sharing for Rel-18 MUSIM operation which does not require capability restriction and removal of restrictions across NW.

Restoring of Dual Connectivity after restriction removal 
Proposal 6: UAI for Cell-Group Release includes additional information on the purpose/cause that can be used by NW-A on whether to conditionally configure SCG for return after NW-B activity.
Observation 3: As per the current specification, It is possible to include conditional configuration for CPA in the RRC Reconfiguration that indicates the release of SCG for MUSIM operation.
Proposal 7: For CPA configuration included in the RRC Reconfiguration that releases SCG for MUSIM operation the evaluation is postponed until UE returns.

Mobility Enhancements Interworking
Observation 4: Starting of RRC connection at NW-B when UE has stored conditional configuration may result in mobility failure if these configurations are not considered in the capability restriction check.
Proposal 8: RAN2 to discuss the impact to conditional configurations when UAI for temporary capability restriction is triggered.
Proposal 9: RAN2 to study the impact to DAPS configuration from Rel-18 MUSIM capability restriction.
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