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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].



This discussion paper is on mechanisms to indicate preference on temporary UE capability restriction and removal of restriction for the agreed scenarios. Questions such as ‘how capability update, release of cells, (de)activation of configured resources is accomplished’ and ‘what are the cases when capability limitation can occur for MUSIM’ are discussed.

2	Discussion
A Dual-RX/Dual-TX MUSIM UE is expected to have minimum required hardware and software resources to enable the UE to maintain two simultaneous RRC connections with NW-A and NW-B. However, maintaining two RRC connections may require the UE to reduce its capability related to some physical layer aspects such as carrier aggregation, dual connectivity, and number of antennas since the UE’s resources should be shared between the two connections. Different scenarios which require RAN2 solutions are discussed in [2].
2.1 Switching Notification for CA scenarios
For dual TX/RX UE, the number of secondary cells configured for each RRC connection should be within the maximum CA capability of the UE for Intra-band operation. Available carriers for CA operation for each USIM also depend on the band of operation in two USIMs.  So new signaling procedure is required to coordinate the secondary cell addition and release procedures across two RRC connection to ensure that the overall capability is not exceeded. Enabling the RRC connection setup at NW-B by releasing one of the secondary cells in NW-B if the current operating set of carriers does not allow RRC connection in NW-B is the primary scenario for defining the signaling procedure for coordination.
For this case, UE can identify the secondary cells which it prefers to release to enable entry of RRC connection at NW-B. In case of Intra-band scenario where both NWs operate in the same band, release of any of secondary cells will be sufficient. But in case if the RRC connection operates already in Inter-band CA and NW-A and new connection in NW-B is needed on different band, the secondary cell to be released depends on the combined Inter-band CA capability possible across two connections. In such case, the indication from UE should include preference to release some specific secondary cells.
Observation 1: For CA capability restriction at NW-A, an Indication of preference to one release secondary cell with additional information on preference for releasing specific secondary cells is needed.
For some scenarios, the RRC connection at NW-B can be allowed if the secondary cell operation is moved to a different frequency. In such a case, the indication can also provide the list of frequencies where the secondary cell can be shifted as part of the indication.
Observation 2: UE indication for CA capability restriction can also include the list of frequencies where the secondary cells can be moved.
When the RRC connection at NW-B is released, the UE can either indicate the restriction removal immediately or UE can wait until the resource situation at NW-A needs the additional capability. UE can deduce the possibility of including secondary cells based on traffic volume measurements. UE can also deduce the network intention to add new carrier based on measurement configuration. So it is also possible to include the status of restriction in the measurement report also. 
Observation 3: Indication for removal of restriction depends on resource conditions at NW-A. This indication is not needed immediately on the release of the RRC connection at NW-B.
Observation 4: Status of restriction on secondary cells after activation of restriction can be included in existing RRC messages (i.e measurement report). 
After the RRC connection setup at NW-B, it is possible that NW-B may attempt to add secondary cells to increase its capacity based on throughput requirements. In this case, the UE may need to first release some secondary cells at NW-A before accepting this modification. Moreover, it may not be possible at NW-A to further reduce its secondary cells and the indication for such reduction will not be acceptable to NW-A.  In our view, addressing this scenario will require some complex signaling procedure to handle all failure scenarios. So we propose that a request or indication to restrict the CA capability before removal of earlier restriction is not allowed to minimize these impacts
Observation 5 : Triggering additional restrictions at NW-A  for secondary cell addition at NW-B may further impact throughput performance for NW-A. This scenario needs additional coordination across two NW to handle the restrictions.
Proposal 1: Indication for additional restriction for CA capability when the earlier restriction is active in NW-A is not essential for CA capability reduction signalling procedure.
In Rel-17, when UE wants to start an RRC connection in NW-A it will send UAI for leave indication with a timer for the network response. If network response is not received UE will leave to RRC-IDLE in NW-A on the expiry of timer. For CA restriction case also, if NW-A didn’t release the secondary carrier via explicit RRC signaling mechanism for leaving one secondary cell is needed. In this case for the network to know about this leaving UE may send Failure-indication to inform the release of secondary cell. 
Proposal 2: RAN2 to align the UE behaviour for ‘no response from NW’ for Capability restriction similar to switching notification for leave indication in Rel-17.
In current NR systems, after the configuration of secondary cells via RRC, the secondary cells can be activated and deactivated using MAC procedure. For deactivated secondary cell, UE and NW store the configuration. From the network side the resources are reserved for the UE but not actively used in this state. It is possible to keep the UE in deactivated state instead of releasing the secondary cells at NW-A to allow RRC connection in NW-B.  But whether the UE can have configuration of secondary cell which is beyond its overall capability in deactivated state is to be analysed for this case. 
Proposal 3: RAN2 to discuss on additional UE capability needed to maintain the configurations of secondary cells in deactivated state beyond its CA capabilities for considering transition to deactivated state as option for CA capability reduction.

2.2 Switching Notification for Dual Connectivity Scenario 
A MUSIM UE capable of Dual TX/RX may allocate both TX/RX resources for simultaneous connection to Master and Secondary cell groups (SCG) for RRC connection in dual connectivity (DC). In this scenario, if new RRC connection is to be established in another USIM for other NW the UE connectivity to one of the cell groups should be released. For this scenario, RRC signaling procedures associated with dual connectivity may require changes for the UE to indicate its preference to leave one of the cell groups to initiate a connection in another NW.
If an EN-DC or MR-DC MUSIM UE is capable of switching to NW-B for establishing RRC connection by reducing the current dual connectivity to single connectivity, the UE may indicate its preference to release SCG within the Leave Indication structure of UE Assistance information. This assistance information can be used by the network to release SCG to enable the switching without releasing the complete RRC connection.	Comment by Sanchez, Laura (Nokia - DK/Aalborg): Could be SCG or MCG, right?
	Comment by Nokia-Farah: A DC cannot work without MCG, so if it is released then SCG has to be changed to be MCG. Hence, here we should make the simple case of SCG release.	Comment by Sanchez, Laura (Nokia - DK/Aalborg): Ok, fair enough to keep it simple 
Proposal 4: RAN2 to consider switching notification in dual connectivity scenario for release of the SCG.
Proposal 5: If RAN2 decided to support the release of SCG for switching without leaving RRC connection, UAI can include a new parameter ‘SCG-Release’ within leave-indication information.
The dualRX/dualTX MUSIM UE may know the temporary nature of its RRC connection in NW-B and wants to release SCG in a deactivated state for fast SCG setup when the RRC connection in NW-B is released. Hence, it should be possible to provide its preference for the SCG in the deactivated state in UAI for SCG release.
Proposal 6: If RAN2 decided to support release of SCG for switching without leaving RRC connection, UAI can be further extended to include the preferred state as deactivated SCG along with the new parameter ‘SCG-Release’ preference.
The dualRX/dual TX MUSIM UE who establishes an RRC connection with NW-B while in RRC_CONNECTED mode with single connectivity in NW-A is not capable to operate in dual connectivity in any of the network. The UE may reduce its capability to the two networks to single connectivity. However, it may be possible to add a secondary cell group in deactivated state. Hence, the UE should be able to inform dual connectivity restriction as part of RRC connection setup. The restriction information can also indicate whether UE support inclusion of SCG in deactivated state. With this information NW-A can add the SCG in deactivated state and later quickly transition to activated state when NW-B connection is released
Proposal 6: RAN2 to consider UE indication for DC capability restriction including the possibility of adding SCG in deactivated state.
In case of switching notification for leaving the RRC connection, the UE leaves NW-A when no response or explicit RRC connection release is given by NW-A within wait timer duration.  This UE based leaving decision may have some impacts to the ongoing active RRC connection in NW-A if the leave indication is meant for only SCG. Because if the UE leaves silently after wait timer expiration, the SCG bearer traffic will be lost until the network maps the bearers back to MCG or explicitly release the bearers. Thus, the UE behavior related to wait timer should be modified to minimize this impact for DC connection.	Comment by Nokia-Farah: Let’s use NW-A/B and not ‘NW’ following 3GPP WI term and the rest of this doc.	Comment by Sanchez, Laura (Nokia - DK/Aalborg): I did the same for the scenario tdoc to be aligned
Proposal 7: RAN2 to discuss the changes needed for wait timer handling if the UAI with leave indication is used to release SCG in NW-A.

2.3 Assistance Information on available capability for Dual TX/RX UE 
In any dual RX UE types, the UE may need to downgrade its capability in terms of supported band/bandwidth combination when one band which is used by one USIM will limit a set of band/bandwidth combinations on the other USIM. The limitation may be due to hardware(HW) constraints like e.g. limited frequency band on each RX and/or TX chain or generated high in-device interference with specific frequency bands. This means that the UE may be dualRX/dual capable in some frequency band/bandwidth combinations but may not have this capability for other frequency band/bandwidth combinations. This limitation is severe for MUSIM operation in RRC_CONECTED/RRC_CONNECTED but has also impact in RRC_IDLE/RRC_CONNECTED scenarios.
Observation 5: A MUSIM UE may be dualRX/dualTX capable in some frequency band/bandwidth combinations but may not have this capability for other frequency band/bandwidth combinations.
Proposal 8: RAN2 to allow dynamic capability update to network regarding UEs supported bands and/or band/bandwidth combinations.
UEs capable of dual Rx may find easier to perform idle mode operations as the gap requirements for idle mode paging monitoring and serving cell measurements of the idle mode USIM are not as stringent compared to single Rx UEs where the coordination needs to be tighter. For instance, when the dualRX/dualTX USIM UE is configured for single connectivity at one network, other receiver may be completely free and any operation performed for the idle mode USIM using that receiver may be completely transparent to the connected mode network. As an example, downlink monitoring of idle mode may require some sharing in downlink reception (e.g. number of antennas) in connected mode for single Rx UE, but this may no longer be needed for a dual Rx UE. Some coordination between network and UE may be helpful to identify the receiver chain that can be used for idle mode monitoring.
Observation 6: For UEs capable of dual Rx operation, reporting pattern of availability and configuration of gaps for switching scenarios may be further optimized to account for the additional freedom available in the form of receiver resources.
UEs further capable of dual Tx may find easier to inform busy indication in a more efficient manner than single Tx UEs on similar lines as argued for dual Rx UEs. For example, this may ease the UE leave and return without leaving connected mode.
Observation 7: For UEs capable of dual Tx operation, leave and return without leaving connected mode may be further optimized to account for the additional freedom available in the form of transmitter resources. 
Proposal 9: RAN2 to consider optimisation for gap configuration and some leave scenarios for Dual TX/RX UE.
2.4 Candidate options for Signalling Procedure 
The signaling procedure for switching notification for MUSIM operation to indicate restriction and removal of restriction can be realized in different ways. The following are the main options for the signaling procedure. 
· Assistance information from UE indicating the reduced capability similar to assistance information with reduced capability in case of overheating. In this case, the UE will provide the modified capability to be considered for the RRC connection. The same assistance information can be used to indicate the removal of the restriction. 
· MUSIM Assistance information defined in Rel-17 for switching purposes is extended to indicate the UE switching without completely leaving the RRC connection. It should be noted that Rel-17 already supports assistance information for UE to leave the RRC_CONNECTED state. 
Indication of change of capability for the RRC connection based on the status of other RRC connections will require frequent signaling with assistance information.  Moreover, reduction of a specific feature set or capability will also make the signaling message larger similar to UE capability Information Transfer. In this approach, UE also reveals the capabilities utilized in other NW in some way which is not preferred for independent MUSIM operations across different networks. Extension of Rel-17 MUSIM assistance information with additional parameters related to the release of secondary cells or cell groups is more aligned to the simple approach. Based on the initial analysis, an extension of MUSIM UAI for indicating the release of resources without exposing the UE capability impact due to other network operations is preferred to explicitly indicate the capability changes reflecting the resource usage of other RRC connections.
Proposal 10: RAN2 to down-select between the following options for MUSIM signaling procedure for Dual TX/RX UE.
· Extension of MUSIM assistance information indicating UE preference for release of secondary-cell or secondary cell group and removal of the restriction.
· New UAI indicating the modified UE capability based on the resource availability due to other RRC connections.


3	Conclusion
We have analysed the solutions for the MUSIM switching scenarios for Dual TX/RX UE. Based on the analysis we introduce following observations and proposals.
On CA capability reduction for Dual TX/RX MUSIM operation 
Observation 1: For CA capability restriction at NW-A, an Indication of preference to release one secondary cell with additional information on preference for releasing one cell out of active secondary cells is needed.
Observation 2: UE indication for CA capability restriction can also include the list of frequencies where the secondary cells can be changed from current carrier.
Observation 3: Indication for removal of restriction depends on resource conditions at NW-A. This indication is not needed immediately on the release of the RRC connection at NW-B.
Observation 4: Status of restriction on secondary cells after activation of restriction can be included in existing RRC messages (i.e measurement report). 
Observation 5 : Triggering additional restrictions at NW-A  for secondary cell addition at NW-B may further impact throughput performance for NW-A. This scenario needs additional coordination across two NW to handle the restrictions.
Proposal 1: Indication for additional restriction for CA capability when the earlier restriction is active in NW-A is not essential for CA capability reduction signalling procedure.
Proposal 2: RAN2 to align the UE behaviour for ‘no response from NW’ for Capability restriction similar to switching notification for leave indication in Rel-17.
Proposal 3: RAN2 to discuss on additional UE capability needed to maintain the configurations of secondary cells in a deactivated state beyond its CA capabilities for considering the transition to deactivated state as an option for CA capability reduction.

On DC capability reduction for Dual TX/RX MUSIM operation 

Proposal 4: RAN2 to consider switching notification in dual connectivity scenario for release of the SCG.
Proposal 5: If RAN2 decided to support the release of SCG for switching without leaving RRC connection, UAI can include a new parameter ‘SCG-Release’ within leave-indication information.
Proposal 6: If RAN2 decided to support release of SCG for switching without leaving RRC connection, UAI can be further extended to include the preferred state as deactivated SCG along with the new parameter ‘SCG-Release’ preference.
Proposal 6: RAN2 to consider UE indication for DC capability restriction including the possibility of adding SCG in deactivated state.
Proposal 7: RAN2 to discuss the changes needed for wait timer handling if the UAI with leave indication is used to release SCG in NW-A.
On additional optimisation in UAI for Dual TX/RX MUSIM operation 
Observation 5: A MUSIM UE may be dualRX/dualTX capable in some frequency band/bandwidth combinations but may not have this capability for other frequency band/bandwidth combinations.
Proposal 8: RAN2 to allow dynamic capability update to network regarding UEs supported bands and/or band/bandwidth combinations.
Observation 6: For UEs capable of dual Rx operation, reporting pattern of availability and configuration of gaps for switching scenarios may be further optimized to account for the additional freedom available in the form of receiver resources.
Observation 7: For UEs capable of dual Tx operation, leave and return without leaving connected mode may be further optimized to account for the additional freedom available in the form of transmitter resources. 
Proposal 9: RAN2 to consider optimisation for gap configuration and some leave scenarios for Dual TX/RX UE.
On Signaling Procedure options for Dual TX/RX MUSIM operation 
Proposal 10: RAN2 to down-select between the following options for MUSIM signaling procedure for Dual TX/RX UE.
· Extension of MUSIM assistance information indicating UE preference for release of secondary-cell or secondary cell group and removal of the restriction without exposing the capability changes.
· New UAI indicating the modified UE capability based on the resource availability due to other RRC connections.
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