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Introduction
In the last RAN2 meeting, the following scenarios are agreed:
· 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.
· A2c: When the UE is in Connected mode in both networks and one is E-UTRAN, the signaling for temporary UE capability restrictions happens on the NR network.
In this contribution, we discuss further the implication of the scenarios above and also resolve the FFS.
Discussion
Scenarios for initiating the capability restriction request
Other than the Scenario 1 that was agreed in RAN2#119bis below:
[bookmark: _Hlk124258200]RAN2 aims to address at least the Scenario 1: the UE in network A in RRC_CONNECTED indicates (i.e. adds/removes) its preference on temporary UE capability due start/stop connection in NW B. This can be e.g. CA/DC capability restriction. 
It is further agreed that the capability restriction request can occur in the following scenarios as per the agreement shown in Section 1:
Scenario 2: UE in NW A and NW B in RRC_Connected indicates its preference on temporary UE capability due to reconfiguration in NW B as in A2a
Scenario 3: Only one network supports Rel-18 MUSIM (e.g. NW B is in LTE or NW B does not support Rel-18 MUSIM) as in A2c
Observation#1: Other than Scenario 1, the following scenarios 2 and 3 need to be studied:
Scenario 2: UE in NW A and NW B in RRC_Connected indicates its preference on temporary UE capability due to reconfiguration in NW B
Scenario 3: Only one network supports Rel-18 MUSIM (e.g. NW B is in LTE or NW B does not support Rel-18 MUSIM)
In the subsequent section, we analysed the possible actions required for Rel-18 MUSIM based on the Scenario 1 and the additional scenarios in Section 2.2.
Initiation of capability restriction request
The typical initiation of the capability restriction request [2] is to indicate to network A when the resource that is needed for the connection in network B (NW B) is in use in network A (NW A). The following shows such typical initiation based on the scenarios in Section 2.1

Scenario 1: UE in network A in RRC_CONNECTED indicates (i.e. adds/removes) its preference on temporary UE capability due to start/stop connection in NW B
The table below shows the further sub-scenarios that may occur and the reactive UE actions in NW A:
	Sub-scenario
	NW A
	NW B
	Reactive UE actions in NW A 
	Comments

	1A
	Connected, with SCell/SCG (NW A supports MUSIM)
	Initiating connection (either RRC Setup or Resume), PCell in NW B is incompatible with NW A SCell/SCG
	Request release of the SCell/SCG in NW A before initiating connection to NW B 

	Delay in establishing connection in NW B (See sub-scenario 3A and 3B)

	1B
	Connected, with only PCell
	Initiating connection, PCell is incompatible with NW A PCell 
	Request restriction to PCell in NW A (NW A has to HO UE) before initiating a connection to NW B
	Delay in establishing connection in NW B.
Another frequency may not always be available in NW A to HO the UE.  

	1C
	Connected 
	Stopping connection
	If UE capability restriction has been sent by UE (e.g. sub-scenario 1A), the UE informs NW A to release the restriction.
	No issue



Scenario 2: UE in NW A and NW B in RRC_Connected indicates its preference on temporary UE capability due to reconfiguration in NW B
The table below shows the further sub-scenarios that may occur and the reactive actions in NW A:
	Sub-scenario
	NW A
	NW B
	Reactive UE actions in NW A
	Comments

	2A
	Connected with SCell/SCG
	Receives reconfiguration that is not compatible with configuration in NW A (e.g. CA or SCG)
	Request release of the configuration in NW A before initiating accepting the reconfiguration in NW B 
	Delay in reconfiguration connection in NW B (it can also be NW A)
Alternatively reject the Reconfiguration message in NW B


From the above, the following observations can be derived for the reactive approach:
Observation#2: Reactive approach may result in delay in establishing/resuming connection to network A as in sub-scenarios 1A and 1B. 
Observation#3: Reactive approach may result in delay in reconfiguration as in sub-scenario 2A if it needs to inform capability restriction to the other network 
Scenarios where only one network supports MUSIM
These scenarios occur when the UE is initiating connection in NW A, and UE is connected to NW B that does not support MUSIM.  Here, the capability restriction has to be sent to NW A (i.e., the network where the UE is initiating the connection). The table below shows the further sub-scenarios that may occur and the reactive UE actions in NW A.

Scenario 3: Only one network supports Rel-18 MUSIM (e.g. NW B is in LTE or Rel-18 MUSIM is not supported)

	Sub-scenario
	NW A
	NW B
	Reactive UE actions in NW A
	Comments

	3A
	Resuming with stored configuration not compatible with configuration in NW B (e.g. CA or SCG)
	Connected (Rel-18 MUSIM is not supported by NW B or in LTE)
	
	This cannot be solved with UE sending the reactive capability restriction request. A new solution is needed as in Section 2.2.3.

	3B
	Connected; UE receives configuration that is not compatible with UE capability based on configuration in NW B
	Connected; (Rel-18 MUSIM is not supported by NW B)
	UE can only reject the configuration from NW A
	Reactive UE actions are not sufficient.



Observation#4: For sub-scenario 3A, UE may be configured in network A during connection resumption with configuration (e.g. SCell and/or SCG) that is incompatible to its configuration with network B.
Observation#5: For sub-scenario 3B, UE can only reject the configuration from NW A as the configuration cannot be restricted in NW B.
In the following sections, we discuss how the above shortcoming of the reactive can be resolved.
Mitigating the delay or rejection in reconfiguration or when Reactive solutions are not sufficient
The reconfiguration/resume delay in sub-scenarios 1A in Observation#1, 2A in Observation#2 and 3B in Observation#4 is because one network does not know that UE has some capability restrictions due to some resources being in use in the other network. If the capability restriction due to resource usage from one network is proactively provided by the UE to the other network(s), reconfiguration delay or rejection can be avoided.
	Sub-scenarios
	NW A
	NW B
	UE actions in NW A
	Comments

	1A
	Connected, with SCell/SCG (NW A supports MUSIM)
	Initiating connection (either RRC Setup or Resume), PCell in NW B is incompatible with NW A SCell/SCG
	Proactively provide capability restriction to NW A related to the PCell incompatibility to NW A SCell/SCG
	Avoids NW A from configuring SCell/SCG incompatible to the PCell in NW B.

	2A
	Connected with SCell/SCG
	Connected and receives reconfiguration that may cause incompatibility with future configurations in NW A (e.g. CA or SCG)
	Proactively provide capability restriction to NW A
	Avoids delay for a subsequent configuration in NW A that UE cannot accept without signalling to NW B 

	3B
	Connected 
	Connected; (Rel-18 MUSIM is not supported by NW B); current configuration may cause incompatibility with future configurations in NW A
	Proactively provide capability restriction to NW A
	Avoids the need for reject procedure when receiving a subsequent configuration in NW A that UE cannot accept 



Observation#6: If the capability restriction due to resource usage from one network is proactively provided by the UE to the other network(s), reconfiguration delay or rejection can be avoided.
Proposal#1: UE is allowed to proactively provide capability restriction request to the other network(s).
However, one main issue with proactive approach is that it may result in unnecessary signalling overhead to NW A, particularly if this capability restrictions indicated by UE are not going to be configured (now or in the future) by NW A. This can be solved partially if NW A can optionally indicates the bands of concern (e.g. bands or CCs that it may configure) to the UE explicitly or implicitly (e.g. the neighbour cell list in the SIB, measurement objects). If and only if UE needs to restrict these bands in network A due to activity in NW B, UE will proactively provide the UAI or other form of UE feedback to inform network A about the restriction. For other bands (I.e., the bands not included in the “bands of concern” by network A), UE does not provide the UAI or other form of UE feedback. This will limit the amount of signalling to network A as the restrictions on bands not of concern are not signalled.  Our understanding is that this is that this mechanism is agreed in Rel-18 IDC  where the network indicates to the UE which CC and frequency range (bandwidth) the network will have concern, and this is provided to the UE as part of the UAI configuration.  IDC agreements:
· The gNB configures the candidate frequency ranges using (centre frequency + bandwidth) for which the UE should report IDC issues. Network may indicate the whole bandwidth of the freq. 
The frequency range (centre frequency + bandwidth) reported by the UE shall at least overlap with the frequency range (centre frequency + bandwidth) configured by the network.Observation#7: One main issue with UE proactively provides the UE assistance to NW A is that it may result in unnecessary signalling overhead to NW A, particularly if this capability restrictions indicated by UE are not going to be configured (now or in the future) by NW A.
Proposal#2: RAN2 to discuss how to reduce the unnecessary signalling overhead due to possible proactive sending capability restriction request/indication, e.g. indicating the bands of concern to the UE in the UAI configuration for Rel-18 MUSIM.
Avoid incompatible configuration during resumption
As in sub-scenario 3A in Observation#3, UE may have a stored configuration (CA/DC) in INACTIVE in network A that is incompatible to its configuration with network B. Under normal scenario, the network A will resume the UE with CA/DC in the Resume message itself before the UE can provide any capability restriction.  Hence network A needs to be informed that there is capability restriction to avoid the network A configuring resources incompatible to the configuration in network B during the resumption. Given the size of ResumeRequest message, UE can only provide a single bit indication of the restriction.  That is, UE should indicate release/incapability of e.g. CA/DC during connection/resume to the network so that the network knows that there is possible restriction on the UE capabilities.  The network can release the CA/DC configuration in Resume message and should wait until the UE provides the UE cap restriction before reconfiguring the UE further, e.g. for higher throughput via CA or SCG, MIMO Layers, bandwidth etc.  Such indication can be included in the Resume Request message or Resume Complete message.  The table summarises the solution:
	Sub-scenario
	NW A
	NW B
	New UE actions in NW A
	Comments

	3A
	Resuming with stored configuration not compatible with configuration in NW B (e.g. CA or SCG)
	Connected (Rel-18 MUSIM is not supported by NW B)
	Inform NW A in ResumeRequest of the restriction (1 bit indication) such that network can release the CA/SCG in Resume message.
Once CONNECTED, UE should send capability restriction request.
	This two-step indication is needed as otherwise, the NW A will resume the UE with CA/DC that cannot be supported by UE



  
Observation#8: During resumption (ResumeRequest), network A needs to be informed of possible capability restriction to avoid the network A configuring resources in Resume message incompatible to the configuration in network B.
Proposal#3: 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 the network and UE should not use CA/DC. 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.).
Rel-17 and Rel-18 MUSIM interactions
In Rel-17, the MUSIM UE operation between NW A and B can request gaps for operation in NW B or if a longer period is needed in NW B, the UE can request to enter Idle mode in NW A. For the gap request, the UE can request for periodic gaps or aperiodic gaps from NW A to satisfy the different use cases in NW B and UE can also request for multiple gaps from NW A to meet multiple use cases in NW B. Such Rel-17 MUSIM operation is used for the case where the MUSIM UE is single TX/RX.  The specifications do not explicitly support simultaneous RRC connection in Network A and Network B (though not precluded by specific implementations).  

Rel-18 MUSIM assumes an UE RF architecture where dual TX/RX can be performed, allowing simultaneous RRC connection in both networks and there is no need for gaps at least for some of the bands/frequencies used by NW A and NW B. However, for some bands/frequencies used by NW A and B, dual TX/RX may not be possible and thus fall back to Rel-17 MUSIM operation may still be useful in these cases.

Depending on the UE state in network A and network B, it could be more optimal to use Rel-17 or Rel-18 MUSIM feature.  The following table is an example of the possible solutions a Rel-18 and Rel-17 capable MUSIM UE can use for the different UE states when UE is dual TX/RX capable:

	Scenarios
	UE state in Network A
	UE state in Network B
	MUSIM Feature

	A
	Connected with CA
	Idle/INACTIVE
	Rel-17 MUSIM gap

	B
	Connected without CA
	Idle/INACTIVE
	Neither Rel-17 or Rel-18 MUSIM needed

	C
	Connected (Dual Tx/RX possible)
	Connected (Dual Tx/RX possible)
	Rel-18 MUSIM

	D
	Connected (Dual Tx/RX not possible due to RF restrictions in the particular band in NW A and B)
	Connected (Dual Tx/RX not possible due to RF restrictions in the particular band in NW A and B)
	Request release to IDLE using Rel-17 MUSIM


Table 1: Possible solutions that a Rel-18 and Rel-17 capable MUSIM UE can use for the different UE states

From the above table, it can be seen that a UE capable of Rel-17 MUSIM and Rel-18 MUSIM feature can use different options depending on the UE state and bands in use.  Hence it should be possible to configure both Rel-17 MUSIM and Rel-18 MUSIM simultaneously for a UE and use the most appropriate solution depending on the scenario.

Observation#9: Supporting and configuring Rel-17 and Rel-18 MUSIM features simultaneously for a UE can lead to more optimal performance by using the most appropriate solution depending on the scenario and the UE state.  

Proposal#4: It should be possible to configure both Rel-17 and Rel-18 MUSIM features (if supported) simultaneously for a UE. 

On the other hand, it is possible that a UE may support just Rel-18 MUSIM feature.  This may not cover all the scenarios optimally (as discussed in the table above e.g. there is no solution for Scenario A if Rel-17 MUSIM gap is not supported).   Since Rel-18 MUSIM operation is yet to be discussed, this question of whether UE supporting Rel-18 MUSIM also needs to support of Rel-17 MUSIM UE capabilities can be postponed till the Rel-18 MUSIM operation is clear.

Proposal#5: Postpone the discussion on whether UE supporting Rel-18 MUSIM also needs to support of Rel-17 MUSIM UE capabilities till Rel-18 MUSIM operation is defined.
Conclusion
It is requested that RAN2 agree to the observations and proposals below:
Observation#1: Other than Scenario 1, the following scenarios 2 and 3 need to be studied:
Scenario 2: UE in NW A and NW B in RRC_Connected indicates its preference on temporary UE capability due to reconfiguration in NW B
Scenario 3: Only one network supports Rel-18 MUSIM (e.g. NW B is in LTE or NW B does not support Rel-18 MUSIM)
Observation#2: Reactive approach may result in delay in establishing/resuming connection to network A as in sub-scenarios 1A and 1B. 
Observation#3: Reactive approach may result in delay in reconfiguration as in sub-scenario 2A if it needs to inform capability restriction to the other network 
Observation#4: For sub-scenario 3A, UE may be configured in network A during connection resumption with configuration (e.g. SCell and/or SCG) that is incompatible to its configuration with network B.
Observation#5: For sub-scenario 3B, UE can only reject the configuration from NW A as the configuration cannot be restricted in NW B.
Observation#6: If the capability restriction due to resource usage from one network is proactively provided by the UE to the other network(s), reconfiguration delay or rejection can be avoided.
Proposal#1: UE is allowed to proactively provide capability restriction request to the other network(s).
Observation#7: One main issue with UE proactively provides the UE assistance to NW A is that it may result in unnecessary signalling overhead to NW A, particularly if this capability restrictions indicated by UE are not going to be configured (now or in the future) by NW A.
Proposal#2: RAN2 to discuss how to reduce the unnecessary signalling overhead due to possible proactive sending capability restriction request/indication, e.g. indicating the bands of concern to the UE in the UAI configuration for Rel-18 MUSIM.
Observation#8: During resumption (ResumeRequest), network A needs to be informed of possible capability restriction to avoid the network A configuring resources in Resume message incompatible to the configuration in network B.
Proposal#3: 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 the network and UE should not use CA/DC. 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#9: Supporting and configuring Rel-17 and Rel-18 MUSIM features simultaneously for a UE can lead to more optimal performance by using the most appropriate solution depending on the scenario and the UE state.  

Proposal#4: It should be possible to configure both Rel-17 and Rel-18 MUSIM features (if supported) simultaneously for a UE. 

Proposal#5: Postpone the discussion on whether UE supporting Rel-18 MUSIM also needs to support of Rel-17 MUSIM UE capabilities till Rel-18 MUSIM operation is defined.
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