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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
For multi-SIM (MUSIM) device supporting dual active (Dual-RX/Dual-TX) mode, to use the hardware efficiently and economically, part of capabilities are shared by the SIMs, and dynamically switched between the SIMs. When some of capabilities are switched from SIM A to SIM B, if the network of SIM A is not aware of this temporary capability restriction of the UE, there may be data loss due to demodulation failure and wasting radio resources. To address this issue, the below objective was agreed in [1] in Rel-18 MUSIM WI.
	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 paper will focus on the potential solutions discussion for this objective for scenarios described in [2]. 
2. Discussion
[bookmark: _Toc29245183][bookmark: _Toc37298526][bookmark: _Toc46502288][bookmark: _Toc52749265][bookmark: _Toc100784069]2.1	General
In which cases will the UE indicate/remove its preference on temporary UE capability restriction to NW A?
In our contribution [2], we discuss the below scenarios to be addressed in this WI. Since the potential solutions for DC capability change may have RAN3 impact and the limited TUs of this WI, we list DC capability here as Scenario 3 for RAN2 to discuss whether to pursue this scenario. 
· Scenario 1: the UE in network A in RRC_CONNECTED indicates/removes its preference on temporary UE capability restriction when UE starts/stops connection with NW B.
· Scenario 2: when UE in network A performs RRC connection resumption, UE in network A indicates its temporary UE capability restriction for MUSIM purpose.
· [bookmark: _GoBack]Scenarios 3: UE in network A indicates/removes its preference on temporary DC related capabilities for MUSIM purpose.
· Scenarios 4: UE in RRC_CONNECTED mode in both network A and network B using the two SIMs dynamically adjusts its capabilities according to the actual hardware usage in the two networks.
· Scenarios 5: UE in network A indicates its constrained band information due to band conflict between two SIMs usage. 
Observation 1: The below scenarios can be considered in Rel-18 MUSIM:
· Scenario 1: the UE in network A in RRC_CONNECTED indicates/removes its preference on temporary UE capability restriction when UE starts/stops connection with NW B.
· Scenario 2: when UE in network A performs RRC connection resumption, UE in network A indicates its temporary UE capability restriction for MUSIM purpose.
· Scenario 3: UE in network A indicates/removes its preference on temporary DC related capabilities for MUSIM purpose.
· Scenario 4: UE in RRC_CONNECTED mode in both network A and network B using the two SIMs dynamically adjusts its capabilities according to the actual hardware usage in the two networks.
· Scenario 5: UE in network A indicates its constrained band information due to band conflict between two SIMs usage. 

What capabilities can be downgraded in NW A for MUSIM purpose?
In Scenarios 1, 2, 4, the below listed capabilities may be downgraded in NW A for MUSIM purpose:
· UL MIMO layer or Tx number;
· DL MIMO layer or Rx number; 
· max CC number;
· max Tx power;
· specific features, e.g., UL Tx switching, SRS antenna switching.
Here are some examples:
UE in network A supports UL MIMO with 2Tx. When UE in network B enters RRC_CONNECTED with 1 Tx capability, then UE in network A does not support UL MIMO during this period. When UE in network B leaves RRC_CONNECTED, UE in network A will get UL MIMO capability back. So, UE in network A needs to indicate to the NW A that its UL MIMO capabilities change. It’s similar to UE capabilities of UL Tx numbers, DL MIMO layer or Rx numbers. 
UE in network A may not support some specific features temporarily when the related capabilities are switched to UE in network B. This can be indicated by the UE explicitly to the network or deduced by the network itself based on UE reported other capability restriction information. For example, if UE in network A has indicated to the NW that it does not support UL MIMO temporarily, the network may understand that the UE will also not support UL Tx switching temporarily. 
Observation 2: The restriction information of below capabilities can be indicated in NW A for Rel-18 MUSIM:
· UL MIMO layer or Tx number;
· DL MIMO layer or Rx number; 
· max CC number;
· max Tx power.

What metrics can be considered to evaluate different solutions?
To evaluate the performance of the potential solutions, the below metrics can be considered:
· NW A communication interruption;
· Latency;
· Forward scalability;
· Specification effort;
· Signaling overhead.
The goal of this WI is to support dual active mode of MUSIM device. If there are long/frequent NW A communication interruption and long switching latency due to capabilities adjustment, the user experience may good when using dual active MUSIM feature. Besides, when many of features are to be impacted due to capability switching, we need to discuss which solution is to be used for reasonable specification effort, forward scalability and signaling overhead. For signaling overhead, the UE is not allowed to indicate its capability upgrade information from the WID, which means the MUSIM device needs to report capability restriction information to each network, which may involve double signaling overhead. 
Observation 3: The metrics of NW A communication interruption, Latency, Forward scalability, Specification impact, Siganlling overhead can be used to compare the different solutions. 

2.2	Potential solutions
From our understanding of the WID, there are two directions we can consider for addressing the objective:
· Direction 1: UE capability update.
· Direction 2: Activation/deactivation/release of configured resources. 
In Direction 1, the UE directly indicates its capability update information (capability restriction indication/removal) to the network, while in Direction 2, the UE requests the resources for activation/deactivation/release according to the related capability change. We will discuss the potential solutions for each direction. 

[bookmark: _Toc37298536][bookmark: _Toc46502298][bookmark: _Toc52749275][bookmark: _Toc100784079]2.2.1	Direction 1
What messages can be used to indicate/remove UE capability restriction information?
From our understanding, both UE capability signaling and UAI message can be used for the UE to indicate its capability restriction information. The main characteristics may be:
· UE capability signaling has better forward scalability and lower specification effort than UAI. For example, if UAI message is used, and if there is a new capability to be introduced in the future release, RAN2 needs to discuss this issue again. 
· The signaling overhead of using UAI will be lower than that of using UE capability signaling. Delta reporting is not supported for both UE capability signaling and UAI framework. However, different features are controlled independently in UAI, i.e., per feature (Rel-17 MUSIM, UE power saving, overheating, etc) configuration and assistant information reporting are supported in UAI. 
Proposal 1: RAN2 to compare the metrics performance of UE capability signaling and UAI for indicating capability restriction information. 

NW control or UE control?
It would be good to have more UE flexibility on capability switching, which means UE capability signaling is preferred to us. Regarding the above signaling overhead of UE capability signaling, RAN2 can further discuss whether and how to support delta reporting. 
Similar issue has been discussed in Rel-17 MUSIM for long time network switching. The long time network switching in network A is basically used for the UE to initiate a RRC connection in network B for MO or responding to a paging. The service in network B could be a voice service, which is delay sensitive. In the end, a wait timer was adopted as a compromise. In our understanding, the capability change in Rel-18 can be also used during NW B RRC connection setup. 
Proposal 2: RAN2 to discuss whether UE capability switching for MUSIM purpose is under NW control or UE control. 

Does the UE need to indicate its capability restriction in advance?
For this question, here are two solutions:
· Solution 1: When UE needs to switch its capabilities from NW A to NW B (e.g., upon the UE enters RRC_CONNECTED in NW B), the UE sends capability update preference to the NW A via UAI or UE capability. 
· Solution 2:  The UE indicates its capabilities used for MUSIM purpose within NW A in advance by Preconfiguring multiple capability profiles. When to use those capabilities are based on UE’s request. 
Since when UE in network B will enter RRC_CONNECTED is unclear, UE in network A can only trigger its capability restriction reporting upon UE triggers RRC connection setup in network. However, if the RRC connection setup of UE innetwork B is for voice, the latency would impact user experience. Besides, if we only consider semi-static capability change, i.e., Scenario 1, 2, it is beneficial if the UE can indicate its capability restriction information (capability profiles) to the NW in advance and triggers capability change when necessary (when UE B triggers RRC connection setup) from latency and signaling overhead point of view. 
Proposal 3: RAN2 to consider the below solutions:
· Solution 1: When UE needs to switch its capabilities from NW A to NW B (e.g., upon the UE triggers RRC connection setup in NW B), the UE sends capability update preference to the NW A via UAI or UE capability. 
· Solution 2:  The UE indicates its capabilities used for MUSIM purpose with NW A in advance by Preconfiguring multiple capability profiles. When to use the MUSIM capabilities are based on UE’s request. 

2.2.1	Direction 2
For direction 2, the below solutions can be identified:
· Solution 3: UE requested SCell (de)activation for MUSIM purpose;
· Solution 4: Enhancement on UE requested SCG (de)activation introduced in Rel-17 for MUSIM purpose;
In our understanding, both solutions are optimization of solutions in direction 1. 
The benefit of solution 3 is the UE can dynamically request CC capability change. This should be based on whether RAN2 wants to pursue dynamic capability change, i.e., scenario 4. 
For UE requested SCG (de)activation introduced in Rel-17, when UE in network A is in dual-connection mode, while UE enters RRC_CONNECTED in network B, UE in network A can request SCG deactivation to MN via UAI message. However, in Rel-17 MR-DC WI, SCG deactivation is requested by the UE for UE power saving purpose when there are no data needs to be transmitted at the SCG. In Rel-18 MUSIM scenarios, the UE requests SCG deactivation is due to switching the related RF resources. So, a cause value seems needed to indicate to the network that the reason of requesting SCG deactivation. Otherwise, the network may activate the SCG when the DL data arrival at the SN, but part of the UE resource are occupied for connection in network B. Besides, if this cause value is introduced in UAI, and since UAI used for requesting SCG deactivation is MN UAI message, so MN needs to indicate the cause value to the SN, which may have RAN3 impact. 
Proposal 4: If scenario 3 is supported, UE requested SCG (de)activation enhancement can be studied for MUSIM purpose. 

2.3	RAN3 and RAN4 impact
As mentioned in the WID, we need to identify RAN3 and RAN4 impact before RANP#99, and RAN2#119bis is the only RAN2 meeting before RANP#99. Hence, in this meeting, we need to discuss and decide whether there are RAN3 and RAN4 impact.
Regarding RAN3 impact, in our understanding, radio capability change should be transparent to CN, so there is no impact on NG interface. And during HO, source gNB should forward this capability restriction information to the target gNB, and currently UE capabilities and UAI forwarded from source to target have already been supported during HO, so there are no RAN3 impact on this. Only the potential solutions of DC related capability change may have RAN3 impact on MN-SN interface. 
Observation 4: The solutions of DC related capability change may have RAN3 impact on MN-SN interface. 
So, RAN2 needs to decide in this meeting whether to pursue DC related capability change (i.e., Scenario 3) in this WI. And if yes, identify what the impact is. After we have made the conclusion, an LS to RAN3 is needed.  
Proposal 5: RAN2 to decide in this meeting whether to pursue DC related capability change (Scenario 3), and if yes, identify what the RAN3 impact is. 
For RAN4 impact, RAN4 specification defines many interruption time when performing reconfiguration, BWP switching, SCell activation/deactivation/release. The exsiting interruption time is for single SIM card. So, for MUSIM case, we believe there will be DL/UL interruption due to capability switching between two SIMs. RAN2 can send an LS to RAN4 to ask them to start the discussion on the potential RAN4 impact. 
Proposal 6: Send an LS to RAN4 that RAN2 has identified at least NW A interruption impact due to capability switching between two SIMs.
3. Conclusion
In this paper, the following observations and proposals are given:

Observation 1: The below scenarios can be considered in Rel-18 MUSIM:
· Scenario 1: the UE in network A in RRC_CONNECTED indicates/removes its preference on temporary UE capability restriction when UE starts/stops connection with NW B.
· Scenario 2: when UE in network A performs RRC connection resumption, UE in network A indicates its temporary UE capability restriction for MUSIM purpose.
· Scenario 3: UE in network A indicates/removes its preference on temporary DC related capabilities for MUSIM purpose.
· Scenario 4: UE in RRC_CONNECTED mode in both network A and network B using the two SIMs dynamically adjusts its capabilities according to the actual hardware usage in the two networks.
· Scenario 5: UE in network A indicates its constrained band information due to band conflict between two SIMs usage. 
Observation 2: The restriction information of below capabilities can be indicated in NW A for Rel-18 MUSIM:
· UL MIMO layer or Tx number;
· DL MIMO layer or Rx number; 
· max CC number;
· max Tx power.

Observation 3: The metrics of NW A communication interruption, Latency, Forward scalability, Specification impact, Siganlling overhead can be used to compare the different solutions. 
Observation 4: The solutions of DC related capability change may have RAN3 impact on MN-SN interface. 

And

Proposal 1: RAN2 to compare the metrics performance of UE capability signaling and UAI for indicating capability restriction information. 
Proposal 2: RAN2 to discuss whether UE capability switching for MUSIM purpose is under NW control or UE control. 
Proposal 3: RAN2 to consider the below solutions:
· Solution 1: When UE needs to switch its capabilities from NW A to NW B (e.g., upon the UE triggers RRC connection setup in NW B), the UE sends capability update preference to the NW A via UAI or UE capability. 
· Solution 2: The UE indicates its capabilities used for MUSIM purpose with NW A in advance by Preconfiguring multiple capability profiles. When to use the MUSIM capabilities are based on UE’s request. 
Proposal 4: If scenario 3 is supported, UE requested SCG (de)activation enhancement can be studied for MUSIM purpose. 
Proposal 5: RAN2 to decide in this meeting whether to pursue DC related capability change (Scenario 3), and if yes, identify what the RAN3 impact is. 
Proposal 6: Send an LS to RAN4 that RAN2 has identified at least NW A interruption impact due to capability switching between two SIMs.
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