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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
In this discussion paper we further discuss on the objective 3 and the related key issues in SA2 study and potential solutions relevant for the same. 
2
Analysis of Idle-Connected Dual SIM operation for Single RX device
When single RX device supports two USIM with each registered to its own PLM which may be same or different across USMIs , the UE can be in connected mode for only one of USIMs. If the UE is in RRC_connected with one USIM and needs to establish connection for another USIM, the active connection for the current USIM connection needs to be released before UE starts the connection setup procedure for the new USIM. One of the scenarios to be optimized for MUSIM operation is reception of MT paging for the USIM which is in idle/inactive when another USIM is having active connection. In such scenarios, the UE needs to release the current RRC connection, in case if it has received paging message from the other network, to respond to the paging message. In case if the active connection is having traffic flow for high priority QoS Flows such as voice traffic, releasing the RRC connection may lead to interruption to the ongoing services. If the UE ignores the paging message for the idle mode USIM, then it may lead to paging escalations and paging retransmissions for the idle mode USIM It may also lead to failure for the MT traffic which also can be important to be handled. 
Another issue which needs to be addressed for the idle-active operation between USIM1 and USIM2 for singleRX UE is related to creating the gaps in the connected mode operation for the idle mode activities of one USIM. There could be some UEs which may not be capable of such operation. For these UEs, the idle mode operation may be completely blocked, and the UE is not reachable for any MT services for the idle mode USIM until the connection is released.

For the above key issues multiple solutions are discussed in SA2 [2]. For the above key issue SA2 have identified the following candidate solutions.
1. Handling of MT service with Paging Cause


2. Negotiated Short Period Absence


3. Busy indication as a paging response


4. Push Notification


5. MT Service Notification through N3IWF


6. Handling of MT IMS voice service with different Paging Cause


7. Network based paging filtering


8. Operator-defined upper bound timer for paging response


9. Push Notification via SMS


10. MT service via ePDG/N3IWF
Out of the above solutions, solutions 1,2,3,6,7 and 8 are related to receiving the paging for idle mode UE for singleRX UE by using the gaps created in RRC connection of the connected mode USIM and also how to handle the received paging messages. Other solutions aim to have internal co-ordination for routing of the paging message via single system in such a way that UE needs not to create gaps for switching between idle mode paging monitoring of one USIM and connected mode operation of other USIM.
Out of the above solutions, solution 1 proposes to introduce paging type in NG-Paging message and also in RAN paging messages which can be used by the UE to decide on whether to respond to the paging message or not. Leaving the decision on UE to respond to paging or ignoring the paging message will lead to non-optimal performance for the network paging. Because the network will not be able to identify whether page response is not received due to radio condition or other issue or because of MUSIM operation. Without this awareness, the paging strategy at network applies the retransmission of paging – even with higher power and/or in larger area - and will result in resource wastage at network side.
Alternatively, solution 7 proposes that the UE informs the set of paging types which the network should not send towards the UE when the UE is entering into connected mode operation for other USIM. In this case the network will not schedule such paging messages towards UE and thus the paging related issues can be avoided.

In addition, solution 3 can also be considered as alternative for MT services towards UE. In this case if the UE decided not to respond to the paging message because of ongoing critical traffic, the UE may send busy indication instead of paging response. With this solution also the network impact related to paging response are minimized.

Observation 1: Solutions relying on UE implementation for MT service handling where the UE decides not to respond for paging message, based on paging type, will not eliminate the need for redundant radio resource usage for paging transmissions and retransmission. 
Observation 2: Solutions where the network is involved in solutions for page filtering and also the solutions where the UE provides response (positive or negative) depending on MUSIM resource situation optimize the usage of resources used from a RAN perspective.
When single RX MUSIM device is in connected mode for one USIM, the idle mode monitoring for other USIM will require some gaps for the connected mode operation. In existing systems, switching between idle mode monitoring and connected mode operations are managed by UE implementation. If these monitoring occasions can be optimised with network coordination the impact on connected mode data transmission can be minimized. Also for the cases where the UE may need short absence to connected mode such as paging response or SMS, negotiation of short absence is prefered rather than completely leaving the network and coming back via RRC connection setup signaling procedure.

Observation 3: Negotiation of short gaps for specific idle mode monitoring and also short absence is preferred to minimize the interruption or resource utilization for single RX MUSIM operation.
3
Summary
In this discussion paper we analyse the key issue associated with MT services for MUSIM device with single RX capability. We make following observations and proposals based on the analysis:
Observation 1: System level Solutions relying on UE implementation for MT service handling where the UE decides not to respond for paging message, based on paging type, will not eliminate the need for redundant radio resource usage for paging transmissions and retransmission. 

Observation 2: System level Solutions where the network is involved in solutions for page filtering and also the solutions where the UE provides response (positive or negative) depending on MUSIM resource situation optimize the usage of resources used from a RAN perspective.
Observation 3: Negotiation of short gaps for specific idle mode monitoring and also short absence is preferred to minimize the interruption or resource utilization for single RX MUSIM operation.
References
1. RP-193263 – WID For Support of Multi-SIM devices -Rel-17.

2. TR 23.761 – Study on System Enablers for MUSIM devices
