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1. [bookmark: _Ref165266342]Introduction
The main objective of the Rel-18 MUSIM WI ([1]) is for the UE to signal changes to its capability when it is in Connected mode in another network and thus has to split its resources between the two active connections.
RAN2#119bis-e has discussed the scenarios and signaling for dual-active MUSIM and made several preliminary agreements. RAN2#121 has made good progress on the signaling for the temporary UE capability restrictions ([2]). However, some of the critical issues are still FFS, which we address in this contribution.
2. Discussion 
RAN2 has already agreed that it is up to the UE implementation to select which NW to perform the above signaling when the UE is in Connected mode in both NWs. As a baseline, UAI is used for this reporting. One FFS is regarding the UE behavior when the UE moves from Idle/Inactive to Connected in NW A while being in Connected mode in NW B. The following are captured in the Chair Notes: 
A2a: When the UE is in Connected mode in two NR networks, it is up to the UE implementation to select which NW to perform signaling for temporary UE capability restrictions. 
A2b: When the UE is in Connected mode in NR NW A and moving from Idle/Inactive to connected mode in NR NW B, the signaling for temporary UE capability restrictions can happen on NW A. FFS how to handle if UE is moving from IDLE/INACTIVE in NW A and is in CONNECTED with NW B.
A3: The UE will request a temporary capability restrictions (e.g. via UAI) only after the NW signals via RRC that this is allowed. FFS whether the UE can indicate if it is already connecting with reduced capabilities during connection set-up/resume.

The FFS in the above agreements refer to whether the UE can signal an early indication to the NW A that the UE is in Connected mode in NW B. When the UE moves to Connected mode in NWA, the gNB obtains the existing UE capabilities from the AMF (except for initial attach) and then assumes that the UE can operate at these capabilities. The rationale for an early indication is that the UE can indicate that it is in “limited capability” which can allow NW A to configure UAI reporting and, more importantly, be more conservative in scheduling of this UE by considering its “limited capability”. 
One problem we see in the field is that the NW will give uplink grants at the UE’s full capability (e.g. max MIMO layers) which is not usable by the UE due to anntennas/RF being shared with the other NW. When this happens, the UE will get stuck and will not even be able to complete RRC reconfiguration or send UAI. Then, the only action the UE can take is to release the connection with NW A.
Observation 1: When the UE is already active in NW B, the UE connects to NW A with limited capability.
Observation 2: NW A not knowing that the UE is in limited capability can cause serious connection issues, e.g. a UE implementation releasing the connection without informing NW A.
Proposal 1: The UE can signal an indication for being in dual-active MUSIM mode during RRC connection set-up and resume in msg5. FFS if this indication is a flag or can include further assistance information.
Similar to UAI, the behavior in Proposal 1 can be configured by the NW. Since the UE was coming from Idle or Inactive mode, such configuration should be provided before the UE initiates the connection setup/resume.
Proposal 2: The NW can allow the UE behaviour in Proposal 1 via dedicated (e.g. RRC Release for Inactive mode) or broadcast signalling (e.g. in SIB1).

RAN2 has been discussing what types of UE capabilities can be signaled. The following was agreed in RAN2#121:
A8: For dual-active MUSIM, at least the following type of UE capabilities can be expected to be impacted:
•	Transmission and reception capabilities (e.g. MIMO layers)
•	Measurement capabilities (e.g. gaps)
•	Supported bandwidth
•	Supported band-combinations (FFS whether this is CA or DC or both)
FFS what is the granularity of reported temporary UE capability restrictions (also pending the band conflict discussion). 
FFS whether UE reports some or all of the above or whether we can do something simpler

It would be good to confirm that the capabilities in the above list will be included in the UE request. All of these capabilities are impacted due to sharing of hardware (e.g. antennas, RF chains) which are dimensioned for the maximum UE capability for a single connection. Thus, it is physically impossible for the UE to operate at full capabilities at both networks.
It would be beneficial to remember again that the UE can already request reduced MIMO layers and supported BW for overheating and power savings purposes. In addition, the UE can indicate per-FR gaps as well as maximum number of FR1 and FR2 cells where gaps are needed. The signaling for dual-active MUSIM should at least match such capability reduction as RAN2 has already discussed and agreed in several releases that these capabilities will be impacted when the UE is not operating at the full capacity due overheating or power savings. In Rel-18, we are just extending the conclusion to MUSIM scenario.
Proposal 3: The UE can request changes to at least the following UE capabilities:
· MIMO layers (DL/UL, FR1/FR2)
· Measurement gaps
· Supported bandwidth
· Supported bands or band-combinations

The next question is what level of granularity to use for these capabilities in the signaling. Since these are already part of the UE capabilities, the simplest and safest option is to use the same level of granularity in existing signaling. This will also save RAN2 and RAN4 time by not defining new and different signaling and requirements.
We also note that supported bands or band-combinations will address the band-conflict issue which was raised in RAN2/RAN4/RAN and was agreed to be solved by the UE capability signaling in RAN2#121.
Proposal 4: The existing granularities of UE capabilities (per band, per DL/UL per BC etc.) are used for the UE capabilities in Proposal 3.
RAN2#121 has agreed to support SCell/SCG release request for MUSIM, which was already part of the WID. There was a discussion on SCell/SCG deactivation but no final agreement to introduce it. The following are from the Chair Notes:
A6: For dual-active MUSIM, UE signaling will support the request for release (and reversal) of SCells and SCG. The signaling details (e.g. implicit or explicit request of each SCell or SCG) is FFS. FFS if we support deactivation (based on discussion in which case it can be used). It is up to network how to react to UE request.
RAN2 does not intend to create new procedures for e.g. SCell/SCG deactivation for MUSIM purposes in Rel-18. Existing procedures can be used based on NW choice.

For SCell release, it is important for the UE to be able to request individual SCell(s) or, very least, SCell(s) in a certain band. This is because the conflict with NW B may only impact one band. If the UE is in CA mode across multiple-bands, it is not necessary to release all SCells. Similarly, the UE requesting just the number of SCell(s) as in power savings or overheating UAI will not be sufficient.
Observation 3: For dual-active MUSIM, the conflict with NW B may only impact SCell(s) in a certain band.
Proposal 5: The UE can request a particular set of SCells (separate for downlink and uplink) to be released or re-added for dual-active MUSIM.
For SCell/SCG de-activation, we already have the agreement not to introduce any new procedures. Thus, we can conclude that existing L2 signaling should be used for de-activation. For the UE request, the simpler approach is to use the UAI. 
Proposal 6: If RAN2 decides to adopt SCell de-activation for dual-active MUSIM, the UE can indicate if it prefers a particular set of SCells to be de-activated instead of release in the UAI message. 
Proposal 7: No new L2 (MAC CE) signaling is introduced for dual-active MUSIM for SCell/SCG release or (de)-activation.
The main disadvantage of de-activation compared to release, as discussed in RAN2#121, is that the UE has to still perform RLM/RRM. Therefore, necessary RF resources have still to be allocated for these SCells which cannot be used at NW B. One option is to suspend or stop RLM/RRM on the deactivated SCells/SCG. But this will need consultation with RAN4.
Observation 4: SCell/SCG deactivation can be useful only if the UE does not perform RLM/RRM on these SCells.
Proposal 8: If RAN2 decides to adopt SCell/SCG de-activation for dual-active MUSIM, RAN2 should consult with RAN4 if RLM/RRM can be stopped on them.
Another FFS from RAN2#121 is related to the power sharing between NW A and B. RAN2 has discussed whether this can have any impact on RAN4 but, in the end, decided not to request any RAN4 work.
When the UE shares its uplink power between two links, it can indicate the available power via PHR. This is a very dynamic signaling and gives the NW the latest information about the UE power. Therefore, there is no strong reason to introduce more signaling and new requirements.
Proposal 9: For uplink power sharing in dual-active MUSIM, existing procedures (e.g. PHR) are sufficient. No new RAN2 or RAN4 work is needed.

3. Conclusion
In this document, we discussed the dynamic UE capabilty restriction for dual-active MUSIM further and propose the following:
Observation 1: When the UE is already active in NW B, the UE connects to NW A with limited capability.
Observation 2: NW A not knowing that the UE is in limited capability can cause serious connection issues, e.g. a UE implementation releasing the connection without informing NW A.
Proposal 1: The UE can signal an indication for being in dual-active MUSIM mode during RRC connection set-up and resume in msg5. FFS if this indication is a flag or can include further assistance information.
Proposal 2: The NW can allow the UE behaviour in Proposal 1 via dedicated (e.g. RRC Release for Inactive mode) or broadcast signalling (e.g. in SIB1).
Proposal 3: The UE can request changes to at least the following UE capabilities:
· MIMO layers (DL/UL, FR1/FR2)
· Measurement gaps
· Supported bandwidth
· Supported bands or band-combinations
Proposal 4: The existing granularities of UE capabilities (per band, per DL/UL per BC etc.) are used for the UE capabilities in Proposal 3.
Observation 3: For dual-active MUSIM, the conflict with NW B may only impact SCell(s) in a certain band.
Proposal 5: The UE can request a particular set of SCells (separate for downlink and uplink) to be released or re-added for dual-active MUSIM.
Proposal 6: If RAN2 decides to adopt SCell de-activation for dual-active MUSIM, the UE can indicate if it prefers a particular set of SCells to be de-activated instead of release in the UAI message. 
Proposal 7: No new L2 (MAC CE) signaling is introduced for dual-active MUSIM for SCell/SCG release or (de)-activation.
Observation 4: SCell/SCG deactivation can be useful only if the UE does not perform RLM/RRM on these SCells.
Proposal 8: If RAN2 decides to adopt SCell/SCG de-activation for dual-active MUSIM, RAN2 should consult with RAN4 if RLM/RRM can be stopped on them.
Proposal 9: For uplink power sharing in dual-active MUSIM, existing procedures (e.g. PHR) are sufficient. No new RAN2 or RAN4 work is needed.
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