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1	Introduction
In RAN#119bis-e, the following is agreed:
RAN2 aims to prioritize only few solutions and avoid multiple solutions for the same problem (FFS pending on solution details).
In RAN2#121, it is further agreed that the UAI mechanism can be used for signalling the UE capability restriction request as follow:
· A1: UAI can be used for the signaling of temporary UE capability changes for dual-active MUSIM. FFS if we have additional signalling (depends on e.g. SCell/SCG deactivation usability for MUSIM)
In this contribution, the mechanism for signalling the temporary UE capability changes and the information for UE capability restriction information are discussed.
2	Discussion
2.1	UE capability restriction indication mechanisms 
As agreed in the last meeting, UAI can be used for the signalling of temporary UE capability restrictions. 
· A1: UAI can be used for the signaling of temporary UE capability changes for dual-active MUSIM. FFS if we have additional signalling (depends on e.g. SCell/SCG deactivation usability for MUSIM)
Such restriction can be indicated to network A in terms of capabilities e.g, bands that are affected by the connection to network B (more of the UE capability restriction is discussed in Section 2.2). Such capabilities may or may not be in use by the network A at that time. 
For indicating the capability that are in use in network A, it is typical reactive approach where the UE indicates the capability that is in use is now restricted to network A. For example, if the connection to network B requires Band X which may affect the UE’s SCell in Band Y in network A, the UE indicates the restriction of Band X and Band Y as part of the UE capability restriction signalling indication.  The network A can than infer/compute from this restriction of the possible band combinations (e.g. all band combinations containing Band X and Band Y are restricted).
For indicating the capabilities that are not in use, the reason for indicating the restriction is that the capability may have conflict in the UE if network A reconfigures UE to use the capability. This is the proactive approach where UE informs in advance the restriction. In our companion paper [1], we also discussed the need of proactive approach in which the UE proactively provides the temporary UE capability restriction to network A regardless of whether the network A is affected by the temporary UE capability restriction.  This will prevent reconfiguration failure. 
For mitigating resume/setup failure/delay, our companion paper [1] proposes that UE should indicate release/incapability of CA/DC during connection resume to the network so that the network knows that there is possible restriction on the UE capabilities and should release CA/DC and wait until the UE provides the UE capability restriction before reconfiguring the UE further with higher capability configuration (e.g. CA, SCG and/or MIMO layers, larger BW etc.).  
The UE capability restriction request using the UE assistance information mechanism agreed can support both reactive and proactive approach.  Some extensions to the UE assistance information procedure are needed for MUSIM and these are discussed further in subsequent sections.
Observation#1: The UE capability restriction request using the UAI agreed can support both reactive and proactive approach to avoid reconfiguration failure/delay. 
Observation#2: For resume/setup failure/delay, UE should indicate there is possible restriction on the UE capabilities in terms of the configured CA/DC during connection resume to the network and network should wait until the UE provides the UE capability restriction before reconfiguring the UE further with higher capability configuration (e.g. CA, SCG and/or MIMO layers, larger BW etc.).  
However, there is an FFS on whether additional signalling is needed for signalling UE capability restriction. Our understanding is that the FFS is related to Solution B5 below, which can be used in the case where the UE capability restriction is already in use in network A (i.e. reactive approach). 
B5 (11/15): A baseline procedure for MAC-CE based SCell (de)-activation can be considered as follows:
The UE is in Connected Mode in NW A .
The UE is configured for MAC-CE based SCell (de)-activation operation. 
The UE starts or stops connection with NW B or is already in Connected mode in NW B.
The UE sends a request to deactivate SCells via MAC-CE.
NW A deactivates, if needed, the requested SCells (FFS if NW response is mandatory).
The UE operates in NW A with the updated configuration.
This B5 solution does not allow for proactively indicating the UE capability restriction. If both proactive and reactive approach needs to be supported, Solution B5 alone is not sufficient.  Solution B1 can cover both reactive and proactive approach. As discussed above, a proactive approach is required to avoid reconfiguration failure/delay. 
Observation#3: Using MAC CE to request the deactivation of SCell can be used in the case where the UE capability restriction is already in use in network A (i.e. reactive approach); however it does not allow for proactively indicating the UE capability restriction that is not already in use resulting in reconfiguration failure/delay (e.g. in the case where NW B is using SCell in Band A, UE can’t inform NW A of this restriction and may configure an SCell in Band A later on).
Proposal#1: For UEs in RRC Connected, UE capability restriction request (i.e. including the capability restriction information) is only done via the UAI mechanism. B5 solution using the MAC-CE based SCell (de)-activation procedure is not needed.
This proposal also aligns with the following agreement:
· 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.
In the following sections, we first discuss what is in the UE capability restriction information and then discuss the possible signalling overhead.
2.2	UE capability restriction information
In the last RAN2 meeting, the following type of capabilities can be expected to be impacted for Rel-18 MUSIM.
· 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
In Rel-18 IDC, the centre frequency and the bandwidth are agreed to be provided as follow:
· Adopt Option 1 based frequency range reporting to the network i.e Center frequency + bandwidth in KHz/MHz for the actual affected frequencies is reported by the UE to the network for addressing IDC problem in R18.
 
The same can be followed to include CCs and the bandwidth for Rel-18 MUSIM capability restriction request.  On top of that, the frequency band indicator should also be provided as part of the capability restriction.

To indicate the supported band combination restriction, the UE request that is useful for temporary UE capability restriction is to indicate the frequency band indicator and the corresponding centre frequency that are no longer possible. The network can then infer from the frequency band indicator and the corresponding centre frequency/ies the restrictions on the existing band combinations for CA and DC in the UE capability. To indicate the restriction to the supported bandwidth, the frequency range corresponding to the centre frequency can be provided to indicate the bandwidth restriction. 

[bookmark: _Hlk131602202]Observation#4: To indicate the supported band combination restriction, the UE request that is useful for temporary UE capability restriction is to indicate the frequency band indicator and the corresponding centre frequency/ies that are no longer possible. The network can then infer from frequency band indicator and the corresponding centre frequency/ies the restrictions on the existing band combinations for CA and DC in the UE capability.

Observation#5: To indicate the restriction to the supported bandwidth, the frequency range corresponding to the centre frequency can be provided to indicate the bandwidth restriction.

Proposal#2: To indicate the band combination and bandwidth restriction due to Rel-18 MUSIM, the UE capability restriction information explicitly indicates the frequency band indicator and its corresponding centre frequency and frequency range that are no longer possible/available in NW A due to connectivity in NW B. FFS whether to reuse the Rel-18 IDC request.

For the measurement gap capability restriction, currently the UE is allowed to request for gap for measurement when it is configured to do so during reconfiguration and resume and the UE can provide its need for gap requirement for measurement for a carrier frequency in the complete message. This can be used by Rel-18 MUSIM to request for measurement gaps when the RF for measurement is being used for dual RX/TX Rel-18 MUSIM purpose. However, this would require including the need for gap in the UAI. Further study is needed how UE can send the gap request when UE is configured to send gap request in UAI by the network etc.).

Proposal#3: RAN2 to study extending the existing gap capability request to Rel-18 MUSIM using the UAI. 

For the MIMO layers, the number of MIMO layers capability is provided per FSPC as follow:
	maxNumberMIMO-LayersPDSCH
Defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. For single CC standalone NR, it is mandatory with capability signalling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. If absent, the UE does not support MIMO on this carrier.
	FSPC
	CY
	N/A
	N/A



One approach is to provide the number of MIMO layers for each center frequency and bandwidth. However, we think that it is not essential to provide such granularity and a simple reduction similar to overheating (i.e. per UE per UL/DL per FR) is sufficient.

Proposal#4: To indicate number of MIMO layers, it can be provided per UE per UL/DL per FR like in overheating and UE power saving. 
2.3 Further Overhead reduction 
For RRC UAI, in order to reduce the signalling overhead, prohibit timer is introduced to prevent the UE repeating the same preference indication. However, such timer should not prevent UE from requesting changes in the assistance information as configuration in NW B is asynchronous to procedures in NW A and is unpredictable (i.e., UE has no prior knowledge of what configuration will be used in network B and when).   Hence, the use of prohibit timer may not be directly suitable for Rel-18 MUSIM and some further signalling overhead reduction techniques need to be studied.
One approach is that NW A can configure the UE on the number of restrictions that the UE can request for MUSIM.  For example, the NW A can limit the maximum number of CCs or bands that the UE can request to be restricted by the NW A for use in NW B. By doing so, it will reduce the number of changes possible and thus reduce the amount of overhead and allow UE to update the temporary UE capability whenever the number of restrictions has not been reached instead of being prohibited to update due to the prohibit timer. 
Observation#6:  UE should not be prevented from requesting changes in the assistance information as configuration in NW B is asynchronous to procedures in NW A and is unpredictable (i.e., UE has no prior knowledge of what configuration will be used in network B and when), e.g. using prohibit timer.
Proposal#5: RAN2 should discuss overhead reduction of sending the UAI in view of the asynchronous nature in the configuration of NW B, (e.g. limiting the maximum number of reductions that can be sent to NW A over certain time etc.)
4	Conclusion 
It is requested that RAN2 agree to the observations and proposals below:
Observation#1: The UE capability restriction request using the UAI agreed can support both reactive and proactive approach to avoid reconfiguration failure/delay. 
Observation#2: For resume/setup failure/delay, UE should indicate there is possible restriction on the UE capabilities in terms of the configured CA/DC during connection resume to the network and network should wait until the UE provides the UE capability restriction before reconfiguring the UE further with higher capability configuration (e.g. CA, SCG and/or MIMO layers, larger BW etc.).
Observation#3: Using MAC CE to request the deactivation of SCell can be used in the case where the UE capability restriction is already in use in network A (i.e. reactive approach); however it does not allow for proactively indicating the UE capability restriction that is not already in use resulting in reconfiguration failure/delay (e.g. in the case where NW B is using SCell in Band A, UE can’t inform NW A of this restriction and may configure an SCell in Band A later on).
Proposal#1: For UEs in RRC Connected, UE capability restriction request (i.e. including the capability restriction information) is only done via the UAI mechanismB5 solution using the MAC-CE based SCell (de)-activation procedure is not needed.
Observation#4: To indicate the supported band combination restriction, the UE request that is useful for temporary UE capability restriction is to indicate the frequency band indicator and the corresponding centre frequency/ies that are no longer possible. The network can then infer from frequency band indicator and the corresponding centre frequency/ies the restrictions on the existing band combinations for CA and DC in the UE capability.

Observation#5: To indicate the restriction to the supported bandwidth, the frequency range corresponding to the centre frequency can be provided to indicate the bandwidth restriction.

Proposal#2: To indicate the band combination and bandwidth restriction due to Rel-18 MUSIM, the UE capability restriction information explicitly indicates the frequency band indicator and its corresponding centre frequency and frequency range that are no longer possible/available in NW A due to connectivity in NW B. FFS whether to reuse the Rel-18 IDC request.

Proposal#3: RAN2 to study extending the existing gap capability request to Rel-18 MUSIM using the UAI. 

Proposal#4: To indicate number of MIMO layers, it can be provided per UE per UL/DL per FR like in overheating and UE power saving. 

Observation#6:  UE should not be prevented from requesting changes in the assistance information as configuration in NW B is asynchronous to procedures in NW A and is unpredictable (i.e., UE has no prior knowledge of what configuration will be used in network B and when), e.g. using prohibit timer.

Proposal#5: RAN2 should discuss overhead reduction of sending the UAI in view of the asynchronous nature in the configuration of NW B, (e.g. limiting the maximum number of reductions that can be sent to NW A over certain time etc.)
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