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Introduction
In RAN2#119bis-e meeting, we had the agreements for temporary UE capability restriction and removal of restriction as below [1]: 
	· RAN2 needs to discuss which UE capabilities can be impacted by sharing of resources between the MUSIM links.
· RAN2 aims to prioritize only few solutions and avoid multiple solutions for the same problem (FFS pending on solution details).
· A7: The UE can initiate signaling for UE capability restrictions on NW A if NW A allows it. The specification will not capture NW B events which can cause such need. 
· A4: RAN2 to discuss whether the following UE capabilities (not a complete list) are impacted for dual-active MUSIM: MIMO layers, BC capabilities, Measurement capabilities, Bandwidth, srs-TxSwitch, UL tx power, Power Class. 
· For proposals A1-A2, the solution details need more discussion. Other solutions are not precluded (requires company input with details). Will discuss further over email on the solutions (after this meeting) and which capabilities can be affected.
· For B1-B3, B5, the solution details need more discussion. May prioritize B1, B2 and B5. FFS on signalling details. Other solutions are not precluded (requires company input with details) and none of B1-B5 are agreed as solutions for this WI.
· Do not consider solution B4 in Rel-18 (since it may have CN impacts which are precluded in this WI)


In this contribution, we discuss the solutions for MUSIM capability restriction/removal of restriction for MIMO layers and BC capabilities (i.e., CA capability).
Discussion
MIMO layers
Considering the scenarios discussed in [2], if the SIM B is in RRC_IDLE/RRC_INACTIVE, SIM A can use full capability, e.g. all RF chains will be occupied by the SIM A. But if the SIM B enters RRC_CONNECTED, some of the RF chains will be occupied by the SIM B, so the RF chains that can be used by SIM A will be restricted. RF chains impact the scheduled maximum UL/DL MIMO layers and thus MIMO layers need to be updated for MUSIM purpose. For example, assuming the UE with capability of 2 UL MIMO layers and 4 DL MIMO layers, if the SIM B is in RRC_IDLE/RRC_INACTIVE, the UE can use 2 UL MIMO layers for transmission and 4 DL MIMO layers for reception in NW A. After the SIM B switches to RRC_CONNECTED, the UE may split the capability between NW A and NW B, e.g. the UE may only use 1 UL MIMO layer for transmission and 2 DL MIMO layers for reception in NW A. After the SIM B switched from RRC_CONNECTED state to RRC_IDLE/INACTIVE state again, the UE will resume its capability to support 2 UL MIMO layers and 4 DL MIMO layers in NW A. Additionally, when the UE’s configuration is updated in NW B, e.g. measurement configuration for inter-frequency measurement, ANR configuration, the RF chains that can be allocated for NW A may change correspondingly. Thus, the UE should be able to inform the NW A of its capability update in terms of the maximum UL/DL MIMO layers. Otherwise, the NW A may schedule the UE with the number of MIMO layers that UE cannot support.  
In addition to MIMO layers, we further give analysis for BC capability/CA capability in section 2.2. For other capabilities, e.g. bandwidth, TX power as listed in email discussion, we not see the real motivation to support the update for MUSIM operation in RRC_CONNECTED state simultaneously in two networks.
In the email discussion [3], whether the UAI can be considered as a baseline for the signaling of temporary UE capability update for MUSIM operation has been discussed. For the above procedure, we think the current UAI framework can be used, the details of which is illustrated in Figure 1.
Step 1). The MUSIM UE needs to be configured by the gNB whether the UE capability update for MUSIM operation is allowed or not via RRC Reconfiguration message.
Step 2). If the UE capability update for MUSIM operation is enabled by the gNB, the UE can initiate the UAI procedure for temporary capability update. In the UAI message, the UE can indicate the maximum UL/DL MIMO layer it temporary supports due to the MUSIM operation. The detailed signalling structure design can be further studied.
Step 3). After receiving the UAI for UE capability update for MUSIM operation, the gNB can adjust the configuration to meet the UE temporary capability, e.g. by sending RRC Reconfiguration message to update the configuration.
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Figure 1: Signalling framework for UE capability update
Proposal 1: For the scenarios where the MUSIM UE operates in RRC_CONNECTED state simultaneously in two networks, the current UAI framework can be used for update on the capability of maximum UL/DL MIMO layer.
After the UE transmits the UAI message for temporary capability restriction, if the UE receives RRC Reconfiguration message corresponding to temporary capability, the UE starts to use new configuration (and the temporary capability). However, if the UE does not receive RRC Reconfiguration message, what’s the UE behavior? For MUSIM case, if the SIM B decides to enter RRC_CONNECTED from RRC_IDLE/RRC_INACTIVE, partial capability has to be occupied by the SIM B, so SIM A can only use restricted capability. Thus, similar to Rel-17 UE preference of leaving RRC_CONNECTED state for MUSIM purpose, if the UE does not receive RRC Reconfiguration message for a period of time, the UE is allowed to use the temporary updated capability autonomously.
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Figure 2: The procedure for autonomous temporary capability update
Proposal 2: After the UE transmits the UAI message for temporary capability restriction due to MUSIM operation, if the UE does not receive RRC Reconfiguration message for a period of time, the UE is allowed to use the temporary updated capability autonomously, and this period of time is configured by gNB.
BC Capabilities (or CA Capability)
Let’s first discuss how band combinations and RF resources are mapped in UE implementation before discussing the issues with BC capabilities in MUSIM.
In the realistic implementation, the mapping between RF resources and the same bands from different band combinations may be different. There is no static mapping between an RF resource and a band from a band combination (BC).  For example, as shown in Figure 3, when BC1 (band A + band B + band X) is configured, each band is mapped to an RF channel (i.e., band B is mapped to RF resource 2). If NW changes the UE’s band configuration to BC 2 (band A + band B) by releasing the SCell of band X, the band B is remapped to use RF resource 3 based on the UE implementation. 
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Figure 3: Illustration of non-static RF resource mapping to the same band from different band combinations
Observation 1: there is no static mapping between RF resources and bands from different band combinations.
For MUSIM scenarios, RF resource conflict can happen when the same RF resource is mapped to different bands from NW A and NW B. Such an example is shown in Figure 4. SIM A in the UE is configured with BC 1 (band A+band B+band X) and SIM B starts activity in band P. Based on the implementation, the UE allocates the RF channel 3 to the band P of SIM 2. Then UE can identify that it cannot support band X from NW A as there is RF resource conflict on RF Channel_3 based on the current band configuration in NW A and NW B as well as the current mapping between bands and RF resources. 
Observation 2: The UE identifies resource conflict issue based on the current band configuration in NW A and NW B as well as the current mapping between bands and RF resources for MUSIM scenario.
To resolve this, UE needs to temporarily change its band configuration in NW A. 
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Figure 4: Illustration of RF resource conflict in MUSIM

Based on the contributions from RAN2#119bis and the post-meeting email discussion [3], there are mainly 3 solutions:
· Solution 1: UE initiated explicit SCell release request
· Solution 2: UE initiated implicit SCell release request
· Solution 3: UE initiated MAC-CE based SCell deactivation

We discuss details of each solution below.
Solution 1: UE initiated explicit SCell release request
For the example shown in Figure 4, with this approach, the UE explicitly requests NW A to release the SCell 2.
However, the new combined band configuration after NW A releases SCell_2 (i.e., band A + band B + band P) results in resource conflict again in accordance with the Observation 1 and Observation 2 as shown in Figure 5, and the UE has to initiate SCell release request for a second time to release SCell_1. This will not only increase the signalling overhead, but also increases the processing load for both the UE and the NW. As a result of this only PCell remains for NW A, which decreases the network performance.  
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Figure 5: Illustration of re-occurrence of resource conflicts due to reconfiguration of BC

Solution 2: UE initiated implicit SCell release request
Based on the comments in the post-meeting email discussion [3], UE will provide NW A with a restricted band combination. For example, for the scenario described in Figure 4, UE will indicate band combination BC2 (band A + band B) to NW A and NW A will infer that band X shall be released. There is some ambiguity on how NW interprets the configurable different band combinations. For example, it’s not clear if NW A is allowed to configure band combinations BC3 (band A + band X) or BC4 (band A + band Y) as BC3 and BC4 are not indicated by the UE as temporarily restricted band combinations. It’s practically not a viable solution for the UE to derive all the supported band combinations based on the configuration in NW B as the configuration in NW B may change frequently. As the UE does not report all the supported band combinations to NW A, we do not see much difference between Solution 1 and Solution 2.

Solution 3: UE initiated MAC-CE based SCell deactivation
In this solution, when the UE identifies resource conflict issue between two SIMs based on current BC configuration, the UE initiates SCell deactivation request to the NW A. As shown in Figure 6, if any resource conflict has been identified based on current configuration, the SCell deactivation request shall be initiated for the configured SCell. For an activated SCell, the UE deactivates the SCell after the SCell deactivation command is received or no response is received within a period of time. Although the SCell is changed from activated state to deactivated state, the mapping between the RF resources and the bands are unchanged since the band configuration of the UE is not changed. Then the issue of re-occurrence of resource conflict from Solution 1 can be avoided. 
When the there is no resource conflict on the SCell, e.g. the UE leaves RRC connected state in NW B, the UE can inform the NW A that the SCell restriction is removed and the NW A can activate the SCell for UE based on the NW A’s implementation.
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Figure 6: UE-initiated SCell (de)activation request
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Figure 7: Illustration of resolving resource conflict with SCell deactivation

Way forward:
We understand the bottleneck for MUSIM operation is the restricted baseband processing and/or limited RF resource in CA/DC operation, but not the configuration context storage for the deactivated CC. Considering the usable RF resources for NW A change frequently based on the activity of NW B (e.g. start/stop connection to NW B), a more efficient mechanism should be applied to increase the overall system performance and to avoid frequent CA/DC reconfiguration. Thus, we think the Solution 3 is the most efficient way to address the resource conflict issue. In addition, the processing delay is shorter for initiating a SCell deactivation/activation request from the UE, and the NW can deactivate/activate the SCell quickly after the restriction is removed.
Proposal 3: Introduce MAC-CE based UE initiated SCell deactivation/activation mechanism for MUSIM.
Proposal 4: After the UE transmits the MAC-CE to deactivate SCell due to MUSIM operation, if it does not receive response within a certain time, the UE is allowed to deactivate the SCell autonomously.
During the post-meeting email discussion [3], it was discussed that if the SCell deactivation request is the result of RF resource conflict, the UE cannot perform RRM measurement on the deactivated SCell. We think it is a valid case but it is not a problem if no RRM measurement is performed on the deactivated SCell for MUSIM purpose. The reason is that in MUSIM scenario, the NW is not expected to activate the SCell depending on the measurement report before the UE indicates the removal of the capability restriction on the SCell. The UE itself knows whether the SCell can be re-activated depending on the activity in NW B. When the activity in NW B is finished, the UE can resume the RRM measurement of the SCell and if condition of the legacy measurement event configured for the SCell is met, the UE triggers the measurement reporting.
Proposal 5: The UE is allowed to not perform RRM measurement on the deactivated SCell for MUSIM purpose.

Conclusion
In this contribution, we discuss the solutions for MUSIM capability restriction/removal of restriction and provide the following proposals:
Proposal 1: For the scenarios where the MUSIM UE operates in RRC_CONNECTED state simultaneously in two networks, the current UAI framework can be used for update on the capability of maximum UL/DL MIMO layer.
Proposal 2: After the UE transmits the UAI message for temporary capability restriction due to MUSIM operation, if the UE does not receive RRC Reconfiguration message for a period of time, the UE is allowed to use the temporary updated capability autonomously, and this period of time is configured by gNB.
Proposal 3: Introduce MAC-CE based UE initiated SCell deactivation/activation mechanism for MUSIM.
Proposal 4: After the UE transmits the MAC-CE to deactivate SCell due to MUSIM operation, if it does not receive response within a certain time, the UE is allowed to deactivate the SCell autonomously.
Proposal 5: The UE is allowed to not perform RRM measurement on the deactivated SCell for MUSIM purpose.
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