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1	Introduction
Rel-17 WI [1] for support of Multi-SIM devices aims to study the system impacts when the UE communicates to more than one PLMN via multi-SIM support and also specifies potential enhancements to avoid performance degradation for the MUSIM scenarios.
The objectives of the WI are:
	1) Specify, if necessary, enhancement(s) to address the collision due to reception of paging when the UE is in IDLE/INACTIVE mode in both the networks associated with respective SIMs [RAN2]
· RAT Concurrency: Network A can be NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx.
2) Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose) [RAN2]:
· RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx
3) Unless SA2 find an alternative solution or decides otherwise, specify mechanism for an incoming page to indicate to the UE whether the service is voLTE/VoNR [RAN2]
· RAT Concurrency: Network A is either LTE or NR. Network B is either LTE or NR.
· Applicable UE architecture: Single-Rx/Dual-Rx/Single-Tx
UE SIMs may belong to same or different operators. 
USIM can be a physical SIM or eSIM. 
Coordination with relevant WGs, such as SA2, should be considered where relevant. 
Specification change should focus on NR side for objective 1.



In this discussion paper we further discuss on the objective 2 and the related key issue #3 (Coordinated Leave) in SA2 study and potential solutions relevant for the same. 
2	Analysis of Switching scenarios for MUSIM operation
Switching for idle mode monitoring in another network
When MUSIM capable UE registered for NTWK-A and NTWK-B is in connected mode operation for NTWK-A, the UE may need to frequently switch to NTWK-B for idle mode operations. The idle mode activities which can be managed with static gaps are idle mode paging monitoring and also serving cell measurements of idle mode. UE may need gaps for paging monitoring and also for serving cell measurements for every DRX cycle as specified in 38.133. Out of these two activities, the gaps required for paging monitoring is determined by the paging occasion of NTWK-B and this information is not known to NTWK-A.  Whereas, the gaps required for serving cell measurements per DRX cycle can be configured by NTWK-A depending on the traffic situation and distribution of scheduling gaps.
As the time required for the UE to listen to NTWK-B is limited for the above activities in the range of few sub-frames for set of radio frames,  UE can inform the availability pattern /gap pattern statically at the time of RRC connection instead of notifying the switching for every occurrence.
In some existing UE implementations for MUSIM operation in LTE, the UE makes short absence for these situations without network knowledge. With NR system handling latency and reliability sensitive traffic flows this autonomous absence without network knowledge is not preferred.  Hence, indication of pattern of short absence for idle mode operation in other network will be required for NR operation. The indication can be included as part of UE capability reporting or optionally requested by the network if the network intend to avoid scheduling towards the UE during these gaps.
Observation 1: For some application scenarios of NR, the connected mode network needs to know the short absence of UE for idle mode operation of other USIM to minimise the impact of service interruption.
Proposal 1: RAN2 to discuss the support of UE reporting pattern of availability and also configuration of gaps for switching scenarios for the basic idle mode operation.
In addition to the above idle mode operations, further idle mode monitoring may be required depending on radio condition and network changes. For example, if the serving cell measurements show degraded radio conditions, UE may need to start additional measurements on neighbouring cells for cell reselection and if cell reselection succeeds, the UE may need to synchronize to new cell and also acquire system information in the new cell. It is also possible that NTWK-B may change its system information and UE may need to monitor new system information by extending the downlink monitoring in the other network.
Cell Reselection and System Information monitoring in NTWK-B will require longer gaps than the gaps applicable for idle mode paging monitoring and serving cell measurements. For these situations switching indication about leaving NTWK-A along with the reason may be required. NTWK A may configure scheduling pause /gap for longer duration based on this notification to avoid losing of downlink messages.  
The connected-idle mode operation with possible gaps for downlink monitoring is illustrated in the following figure.
[image: ]

Observation 2: Switching Notification without any state change at NTWK-A is required for idle mode mobility and network change scenarios.
Proposal 2: One way Leave indication with the cause value at RRC or lower layers can be configured for leaving the network for extended idle mode monitoring.
[bookmark: _Hlk53142872]Switching to other network without leaving connected mode 
As part of idle mode operation with NTWK-B, UE may also need to establish RRC connection for some short signalling information in NTWK-B for Routing area update or RNA Update and also short message services. For these scenarios, the UE will return to idle mode operation within short interval, but this signalling procedure requires UE also to trigger uplink message transmissions including RACH Access. UE with Single TX capability needs to suspend any uplink activity in other network for these scenarios.  Depending on the maximum time required to complete this signalling procedure, the connected mode operation with network operation can be maintained in connected mode without state transition. 
Observation 3: Short signalling message procedures at NTWK-A can be completed without leaving the connected mode in NTWK-B in optimum scenarios.
Observation 4: The duration to enable the UE to leave and return without leaving connected mode depends on the impact to timing advance and radio link monitoring procedures of connected mode operation.
Proposal 3: RAN2 to discuss on the feasibility of leave and return for short absence to complete signalling procedure.
Busy Indication without leaving connected mode network
Depending on the services ongoing in the connected mode network, the UE may decide to inform to idle mode network (NTWK-B) via short signaling message indicating it is not reachable until further notice. The UE may be able to monitor for paging and may use a short signaling message in paging response with indication that UE is reachable but not ready to trigger service request in response to the paging message. This mechanism is referred as “Busy Indication” as paging response in SA2 discussions as one of the mechanisms to handle the MT service for idle mode USIM when UE is in connected mode for other USIM.  In our view support of short signaling message to inform the idle mode network about the reachability without impacting ongoing connected mode services is important for MUSIM operation.
Observation 5: short signaling message indicating the UE is not reachable proactively or as response to paging message is needed.
Proposal 4: New signaling procedure to inform BUSY indication without leaving connected mode in NTWK-A should be supported.
In order to minimize the impact to the connected mode services, possibility to provide BUSY indication in secured manner without connection establishment needs to be investigated. Connectionless BUSY indication for both RRC-INACTIVE and RRC-IDLE mode at NTWK-B should be analyzed.  RAN2 analysis in support of this new signaling procedure can be covered as part of handling short absence for NAS signaling procedure indicated in the above section.
Proposal 5: RAN2 to discuss the possibility to support connectionless procedure for reporting BUSY indication to NTWK-B.
Leaving the connected mode network for new connection establishment
One of the important scenarios for idle- connected state of MUSIM operation is switching to the idle mode network for connection establishment by leaving the connected mode operation in current network. For this case the primary requirement is that UE informs the current GNB to enable faster release of RRC connection. In addition to this primary objective the AMF also needs to be informed about the leave so that AMF can appropriately manage further connectivity towards the UE including state transition and buffering of further downlink transmissions. 
In case of NAS level leave indication, the UE may need to wait for further response from network before leaving the current network. This action may delay the UE leaving the current network and also impact the time to establish the connection in another network. Hence combination of RRC level leave indication in addition to NAS level solution also will be beneficial for some scenarios. 
Proposal 6: RRC signaling for leaving the connected mode without waiting for NAS level response should be supported to minimize the delay in switching to another network for connection establishment.
Switching Notification for Dual Connectivity Scenario 
MR Dual connectivity including NR-NR DC and EN-DC are important deployment options for NR. Hence the idle-connected mode scenario and associated problems related to switching is also applicable for dual connectivity at NTWK-A (connected mode network).  The UE capable of dual connectivity is expected to have Dual TX/RX as minimum requirement. When the UE attempts to establish RRC connection in the idle mode network which may be NR or LTE network, the dual connectivity at the NTWK-A may need to be downgraded to single connectivity.  RRC signaling procedures associated with dual connectivity may require changes to handle this switching indication without leaving the network completely.  Hence, we propose the objective 2 associated with switching notification also should be supported for dual connectivity architecture.
Proposal 7: Switching notification at connected mode network with dual connectivity without fully leaving the network should be supported. 
For switching notification to NTWK-A in dual connectivity, depending on the frequency/band of operation in other network, UE may indicate preference to leave either MCG or SCG. In case if the UE does not indicate any preference for leaving specific cell group, network may decide to suspend SCG or MCG depending on the resource situation and interruption requirements of associated bearers.
Proposal 8: Switching Notification for dual connectivity scenario the signaling procedure should support configuration of single connectivity with control to release any of the cell group.  FFS the factors deciding the cell group to be released.
3 UE capability Switching for MUSIM Operation 
Different UE types may have different challenges in terms of supporting simultaneous services in two (or more) USIMs in idle/connected and/or connected/connected mode. Allowing the UE to dynamically update some UE capabilities toward each NW is an approach which increases possibility to support both USIM simultaneously, but with acceptable UE capabilities.

	UE architecture
	MUSIM USIM state combinations

	Single-Rx/Single-Tx
	Idle/Connected,

	Dual-Rx/Single-Tx
	Idle/Connected, Connected/Connected

	Dual-Rx/Dual-Tx
	Idle/Connected, Connected/Connected



Table 2-1: USIM state combinations 
A single USIM device compliant to carrier aggregation, Dual Connectivity, and/or diversity/MIMO requirements has already several RX and TX chains. Hence, devices with more hardware to support increased throughput and enhanced antennas can be used in MUSIM without increase in HW to keep the device cost and size low. When such device is in use with its full capability in one USIM and needs to support idle/inactive services in another device it may need to release some hardware for its activity. Furthermore, in any dual RX UE types, the UE may need to downgrade its capability in terms of supported band combination when one band is occupied by one USIM will limit a set of band combinations on the other USIM. This is applied to idle/connected as well as connected/connected scenarios. This will then result in UEs reduced capability in terms of no. of supported carriers or carrier combinations.
Proposal 9: Consider dynamic capability update to network regarding UEs supported bands and/or band combinations.

Capability coordination requirements for Idle/Connected cases
· Short coordinated leave when a multi SIM UE will be transmitting or receiving in the other SIM by notifying the SIM operating in the connected mode. The short leave requires some form of restriction in the connected mode SIM’s transmitting or receiving capability (for e.g. supported bands, bands combinations, DC capabilities etc.) and hence some form of capability degradation. 
· Long coordinated leave requires the UE to perform some procedure on the other SIM requiring a longer period of absence. Similar to the short coordinated leave the impact on transmitting or receiving capability requires some form of negotiation with the connected mode SIM. 
Observation 6: Some form of negotiation of gaps (or informing the absence) is required in connected mode.
Observation 7: Downlink monitoring of idle mode may require some sharing in downlink reception (e.g. number of antennas) in connected mode.
Proposal 10: For Idle/Connected scenario, consider negotiation of gaps (i.e. informing the absence).
Proposal 11: For Idle/Connected scenario, consider extending capability signalling to support sharing of downlink resources (e.g. number of antennas).
Assistance information based methods have been employed in earlier releases to communicate the impaired capability in overheating scenarios in a semi-static fashion.
Capability coordination requirements for Connected/Connected cases
· When USIM(s) require communication with their own networks at the same time (e.g. answering to voice call or due to data traffic) overall UE capability shared between USIM(s). The impacted capabilities are the same as Idle/Connected mode cases as well.
· This implies fallback from dual Tx to single Tx and impact to features assuming dual Rx/Tx operation (e.g. MR-DC and DAPS handover). Impact to the features either implies releasing secondary cell group or handover to secondary cell group falling back to single connectivity, delaying or de-configuring DAPS handover etc.
Observation 8: More dynamic capability coordination required (similar to dual connectivity capability sharing) to ensure that overall UE capabilities are not exceeded.
Observation 9: Impact to features assuming dual Rx/Tx operation needs to be discussed to be considered for Rel-17.
Proposal 12: For Connected/Connected scenario, consider dynamic capability update to network.
Proposal 13: For Connected/Connected scenario, discuss the applicability of dynamic capability update impacted by dual Rx/Tx operation (e.g. DAPS) for Rel-17.
4 Summary
Observation 1: For some application scenarios of NR, the connected mode network needs to know the short absence of UE for idle mode operation of other USIM to minimise the impact of service interruption.
Observation 2: Switching Notification without any state change at NTWK-A is required for idle mode mobility and network change scenarios.
Observation 3: Short signalling message procedures at NTWK-A can be completed without leaving the connected mode in NTWK-B in optimum scenarios.
Observation 4: The duration to enable the UE to leave and return without leaving connected mode depends on the impact to timing advance and radio link monitoring procedures of connected mode operation.
Observation 5: short signaling message indicating the UE is not reachable proactively or as response to paging message is needed.
Observation 6: Some form of negotiation of gaps (or informing the absence) is required in connected mode.
Observation 7: Downlink monitoring of idle mode may require some sharing in downlink reception (e.g. number of antennas) in connected mode.
Observation 8: More dynamic capability coordination required (similar to dual connectivity capability sharing) to ensure that overall UE capabilities are not exceeded.
Observation 9: Impact to features assuming dual Rx/Tx operation needs to be discussed to be considered for Rel-17.
[bookmark: _GoBack]Proposal 1: RAN2 to discuss the support of UE reporting pattern of availability and also configuration of gaps for switching scenarios for the basic idle mode operation in NTWK-B.
Proposal 2: One way Leave indication with the cause value at RRC or lower layers can be configured for leaving the network for extended idle mode monitoring.
Proposal 3: RAN2 to discuss on the feasibility of leave and return for short absence to complete signalling procedure.
Proposal 4: New signaling procedure to inform BUSY indication without leaving connected mode in NTWK-A should be supported.
Proposal 5: RAN2 to discuss the possibility to support connectionless procedure for reporting BUSY indication to NTWK-B.
Proposal 6: RRC signaling for leaving the connected mode without waiting for NAS level response should be supported to minimize the delay in switching to another network for connection establishment.
Proposal 7: Switching notification at connected mode network with dual connectivity without fully leaving the network should be supported
Proposal 8: Switching Notification for dual connectivity scenario the signaling procedure should support configuration of single connectivity with control to release any of the cell group.  FFS the factors deciding the cell group to be released.
Proposal 9: Consider dynamic capability update to network regarding UEs supported bands and/or band combinations.
Proposal 10: For Idle/Connected scenario, consider negotiation of gaps (i.e. informing the absence).
Proposal 11: For Idle/Connected scenario, consider extending capability signaling to support sharing of downlink resources (e.g. number of antennas).
Proposal 12: For Connected/Connected scenario, consider dynamic capability update to network.
Proposal 13: For Connected/Connected scenario, discuss the applicability of dynamic capability update impacted by dual Rx/Tx operation (e.g. DAPS) for Rel-17.
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