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1. [bookmark: _Ref165266342]Introduction
RAN2#119bis-e has discussed the scenarios and signaling for dual-active MUSIM and made several preliminary agreements ([2]). A post-meeting email discussion ([3]) was also conducted which collected further feedback from the companies on the solution framework.
The most important aspect of this Work Item ([1] is the actual UE capabilities to be signaled for temporary restriction and removal. In this contribution, we discuss further details on this part.
2. Discussion 
When the UE is in Connected mode with two networks, it will have to share many of its resources between these two connections. We note that “two networks” here is used in the more general sense as it is possible that the UE can connect to the same network (or even same cell) with the two connections being completely independent.
Even though the UE will have to share the resources at all layers, some of these are more critical than others as they are usually the bottleneck or there is less flexibility for the UE implementation to divide them. The most important ones are hardware and baseband processing resources which are dimensioned for the maximum UE capability. As the UE cannot sustain a second connection if it operates at the maximum capability on one network, these capabilities should be reduced once a second connection becomes active.
Observation 1: RF and baseband capabilities are the most critical ones that will be impacted (reduced) for dual-active MUSIM.
Ideally, the signaling for MUSIM capability reduction should be flexible enough to change any of the RF and baseband capabilities. In addition, the signaling should allow changes for only particular bands or band combinations since the other network connection may not impact all the bands on this network.
Observation 2: The reduced capabilities may only be applicable to certain bands or band-combinations.
Based on these, we propose:
Proposal 1: The signaling for UE capability reduction should provide enough flexibility to change RF and basedband capabilities for certain bands or band-combinations. The actual parameters and the granularity are FFS.
In RAN2#119bis-e, the following agreement was captured in the Chair Notes:
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 

There was general agreement that the UE should be able to signal reduced MIMO layers for dual-active MUSIM, at least similar to what was done for Rel-16 Power Savings and Overheating as shown below:
MaxMIMO-LayerPreference-r16 ::=     SEQUENCE {
    reducedMaxMIMO-LayersFR1-r16        SEQUENCE {
        reducedMIMO-LayersFR1-DL-r16        INTEGER (1..8),
        reducedMIMO-LayersFR1-UL-r16        INTEGER (1..4)
    } OPTIONAL,
    reducedMaxMIMO-LayersFR2-r16        SEQUENCE {
        reducedMIMO-LayersFR2-DL-r16        INTEGER (1..8),
        reducedMIMO-LayersFR2-UL-r16        INTEGER (1..4)
    } OPTIONAL
}
 
Observation 3: In Rel-16, the UE can request reduced MIMO layers for DL/UL and FR1/FR2 for Power Savings and Overheating purposes.
Proposal 2: The UE should be able to request reduced (and reversed) MIMO layers for dual-active MUSIM for DL/UL and FR1/FR2.
In Rel-16, the UE can also request reduced BW for FR1 and FR2, again for both power savings and overheating. The dual-active MUSIM scenaro is quite similar in the sense that the UE can only allocate a certain BW to one network.
Proposal 3: Similar to Rel-16 Power Savings and Overheating UAI, the UE should be able to request reduced BW for FR1 and FR2 for dual-active MUSIM.
Another important resource is the UE’s measurement capability. In both LTE and NR, the UE can be configured with measurement gaps since the UE is not able to receive/transmit and measure at the same time for certain frequencies or bands. NR has supported per-FR gaps from Rel-15 onwards. In Rel-17, a further granularity was added via independentGapConfig-maxCC-r17 where the UE can also the maximum number of FR1 and FR2 cells where it can do this. Multiple connections due to dual-active MUSIM problem will only exacerbate the problem and thus we should add changes to the measurement capabilities (at least for gaps and the same level of granularity of Rel-17).
Proposal 4: The UE should be able to change its measurement capabilities (e.g. required gaps) for dual-active MUSIM. The actual parameters are FFS.
When the UE moves to Connected mode, the gNB obtains the existing UE capabilities from the AMF (except for initial attach) and can then assume that the UE can operate at these capabilities. One problem with dual-active MUSIM connections is that the UE may already be in Connected mode in the other network (NW B). Therefore, if the NW A starts configuring and scheduling the UE according to its full capability, the UE performance may suffer. A typical example is that NW A starts giving MIMO grants according to the full UL MIMO capability while the UE cannot use it since its MIMO capability is reduced because of the other NW connection. Therefore, it is necessary to address this problem
Observation 4: If the UE is already in Connected mode in NW B when it moves to Connected mode in NW A, the UE capabilities will need to be reduced immediately in NW A.
Proposal 5: RAN2 to address the problem in Observation 4 and find a solution for the UE to inform about its dual-active MUSIM status when it moves to Connected mode in NW A. 

RAN2#119bis-e has also discussed “conflict of bands” in the dual-active MUSIM scenario with the following conclusion:
RAN2 can consider such Band conflict scenarios for MUSIM in CONNECTED to arrive at a graceful specification-based solution intended to mitigate such conflicts
In the post-meeting email discussion, there was general consensus that this issue should not have any RAN4 impact and can be solved by RAN2. There was also a similar conclusion at the RAN plenary where this was brought up (and whether this should be handled by RAN4). The straight-forward solution will be for the UE to signal the conflicting bands so that the NW can take appropriate actions (e.g. relese SCells or not configure SCells or perform handover to another cell).
Proposal 6: To address the “band conflict scenario”, the UE should be able to signal the conflicting bands or band combinations to the NW. 

The handling of SCells was also discussed in RAN2#119bis-e. The WID already points to “release of cells” as one of the mechanisms. The large majority view in the post-meeting discussion was that the UE should be able to request the release of SCells. We note that this is already possible for Rel-16 UAI but with one major drawback that the UE can only request the total number of SCells across all bands. Given that the conflict with the other USIM will be at a band level, we need a more granular handling of this. In addition, similar to Rel-16, the UE should be able to do this for both MCG and SCG. 
Observation 5: In Rel-16, the UE can request the release of SCells by signaling reducedCCsDL and reducedCCsUL. 
Observation 6: The drawback of Rel-16 mechanism is that the UE cannot request release of SCells only in the conflicting bands.
Proposal 7: For dual-active MUSIM, the UE can request release of individual SCells for DL and UL and MCG and SCG.
There was also good support for the release of SCG and it is better to do this explicitly, instead of setting the maxCC = 0 as is done in Rel-16. 
Proposal 8: The UE can request the release of SCG (or PSCell) explicitly.

3. Conclusion
In this document, we discussed the dynamic UE capabilty change for dual-active MUSIM and propose the following:
Observation 1: RF and baseband capabilities are the most critical ones that will be impacted (reduced) for dual-active MUSIM.
Observation 2: The reduced capabilities may only be applicable to certain bands or band-combinations.
Proposal 1: The signaling for UE capability reduction should provide enough flexibility to change RF and basedband capabilities for certain bands or band-combinations. The actual parameters and the granularity are FFS.
Observation 3: In Rel-16, the UE can request reduced MIMO layers for DL/UL and FR1/FR2 for Power Savings and Overheating purposes.
Proposal 2: The UE should be able to request reduced (and reversed) MIMO layers for dual-active MUSIM for DL/UL and FR1/FR2.
Proposal 3: Similar to Rel-16 Power Savings and Overheating UAI, the UE should be able to request reduced BW for FR1 and FR2 for dual-active MUSIM.
Proposal 4: The UE should be able to change its measurement capabilities (e.g. required gaps) for dual-active MUSIM. The actual parameters are FFS.
Observation 4: If the UE is already in Connected mode in NW B when it moves to Connected mode in NW A, the UE capabilities will need to be reduced immediately in NW A.
Proposal 5: RAN2 to address the problem in Observation 4 and find a solution for the UE to inform about its dual-active MUSIM status when it moves to Connected mode in NW A. 
Proposal 6: To address the “band conflict scenario”, the UE should be able to signal the conflicting bands or band combinations to the NW. 
Observation 5: In Rel-16, the UE can request the release of SCells by signaling reducedCCsDL and reducedCCsUL. 
Observation 6: The drawback of Rel-16 mechanism is that the UE cannot request release of SCells only in the conflicting bands.
Proposal 7: For dual-active MUSIM, the UE can request release of individual SCells for DL and UL and MCG and SCG.
Proposal 8: The UE can request the release of SCG (or PSCell) explicitly.
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