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Introduction
The procedures for temporary UE capability restrictions were discussed in RAN2#123 meeting and the following were agreed with FFS [1]:
	Early indication
· Use Msg5 for early indication of MUSIM capability restriction for UEs in IDLE. 
· Using LCIDs would avoid any problems for RRC resume procedure. However, there are not many LCIDs left for UL and some other Rel-18 WIs also intend to use them. 
· FFS whether there is a need to use the LCIDs or whether we can reuse the legacy LCIDs.
· Whether we can use the LCIDs (given that multiple WIs may be trying to use them) will be discussed in the main session. How to proceed LCID usage for MUSIM can be discussed in the next meeting based on the main session decision.
· 3: UE sends early indication of MUSIM temporary capability restriction only if the network indicates that it is allowed in SIB1. 
· No support to use RRCReconfigurationComplete for the early indication of MUSIM capability restriction. Can come back if sufficient support.
Procedures for reactive/proactive approaches
· Continue discussion in Thursday session with proactive approach on whether UE can indicating frequency that it would prefer to use.
· Discussion was not continued due to lack of time. Post-meeting email discussion (long, vivo) on this topic. 
Using timers
· If a timer is introduced, RAN2 needs to define UE behaviour when timer expires and network response is not received. RAN2 also needs to define what “network response” means, i.e. is it a RRCReconfiguration message or a particular field or something else?
· FFS whether a timer is needed (e.g. to avoid UE from doing something while the network response has not yet arrived)
· Companies should provide Stage-3 details for the next meeting on UE behaviour when network does or does not respond to the UE request to restrict the capabilities due to MUSIM.


In this contribution, we discuss the open issues based on the above agreements.
Discussion
SCell/SCG restriction and removal of restriction
For reactive approach on CA/DC capability, there are following agreements:
	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.
UE can explicitly request specific serving cells or serving cell group to be released for Rel-18 MUSIM purpose. FFS how/whether this works for the proactive case.


In RAN2#121bis meeting [2], it was agreed to support UE-requested release (and reversal) of specific SCells and SCG explicitly. However, there are a couple of issues with the release of the SCell/SCG. One issue is, the reversal of specific SCell/SCG cannot be indicated after the SCell/SCG is released. After releasing the SCell/SCG, the configuration context of the SCell/SCG will be deleted in both the UE and the NW. So it is impossible to indicate restriction removal on specific SCell/SCG after SCell/SCG release. 
For example, at first the UE is configured with {PCell (bandA) + SCell#1 (bandB) + SCell#2 (bandC)}, and the UE requests to release SCell#1 and SCell#2. And NW releases both SCells. In this case, when the UE is able to support {PCell (bandA) + SCell#1 (bandB)} but still stay in dual SIM state, the UE cannot indicate restriction removal on the released SCell#1. The restriction removal can only be initiated by an empty UAI when there is no capability restriction.
Observation 1: The UE cannot indicate restriction removal on specific SCell/SCG after SCell/SCG release. The UAI for restriction removal is initiated when there is no capability restriction. 
Another issue is, after SCell/SCG is released, there is a risk of ping-pong conflict, leading to a worse user experience and NW performance.
For example, at first the UE is configured with {PCell (bandA) + SCell#1 (bandB) + SCell#2 (bandC)}, and the UE requests to release SCell#2, the NW releases SCell#2 and adds SCell#2 in another band bandD, i.e. {PCell (bandA) + SCell#1 (bandB) + SCell#2 (bandD)}. When there is resource conflict on SCell#2 again, the UE may initiate another UAI with SCell#2 index included. However, the NW may release SCell#2 in bandD and add the SCell#2 in bandC, leading to resource conflict again. 
Observation 2: There is a risk of ping-pong conflict after SCell/SCG release. 
Compared with SCell/SCG release, if the SCell/SCG configuration is maintained, the UE is able to indicate restriction/removal of restriction for specific SCell/SCG. For example, 
1) First, {PCell (bandA) + SCell#1 (bandB) + SCell#2 (bandC)} is configured;
2) The UE requests to deactivate SCell#1, and the NW deactivates SCell#1 according to UE request;
3) After a while, the NW releases SCell#2. If the UE is able to support {PCell (bandA) + SCell#1 (bandB)}, the UE may indicate restriction removal on SCell#1.
4) After a while, the NW adds SCell#2 in another bandD, i.e. {PCell (bandA) + SCell#1 (bandB) + SCell#2 (bandD)} is configured;
4) There is restriction on SCell#2 instead of SCell#1, the UE requests to deactivate the SCell#2, and remove the restriction on SCell#1. The NW deactivates SCell#2, and may activate SCell#1 again if needed;
In the above case, it is easy for the NW to know the restriction status for a configured SCell/SCG. Besides, the NW may consider the deactivation/activation as more efficient in some cases (for example, when there is high data rate). In this case the NW would like to activate the SCell/SCG quickly if possible after the restriction is removed. Considering the issues with the release and the necessity to activate SCell/SCG quickly, we think there is no need to exclude deactivation solution if the NW prefers to do so. The UE should be allowed to request deactivation of the SCell/SCG with measurement capability updated through the UAI, i.e. if gap or no gap measurement is supported on the SCell/SCG. It is up to the NW whether to deactivate or release the SCell/SCG. Irrespective of release or deactivation, when gap-based measurement is needed on the SCell/SCG, the NW should configure gap-based measurement.
Proposal 1: For reactive approach, the UE can request to deactivate the SCell/SCG with measurement capability updated through the UAI. It is up to NW whether to deactivate or release the SCell/SCG. 
Timer for reactive UAI
In general, after receiving the UAI for temporary capability restriction in reactive approach, it is expected that the NW responds as quickly as possible. We understand for MUSIM scenario, the UE should be responsible for the capability split between the SIMs to achieve a better user experience, and it is not feasible to ask the UE to refuse any services  (e.g. a voice call) in the NW (e.g. NW-B) which enters RRC connected state later if the first NW (e.g. NW-A) doesn’t respond to the UAI. So for reactive approach, a timer is needed to have a proper alignment between the UE and the NW. The timer starts when the UE sends the UAI for reactive approach, and stops when a response matching the UAI from the NW is received. The timer length can be configured by the NW. 
Proposal 2: Introduce a timer for reactive approach for reporting of temporary capability restriction in UAI. The timer starts when the UE sends the UAI, and stops when a response matching the UAI from the NW is received. The timer length is configured by the NW.
If no response from NW is received within the timer, there are following options of UE behaviors:
· Option 1: The UE reduces its capability autonomously after the timer expires. 
· Option 2: The UE enters RRC idle state after the timer expires. This could be considered as a fallback to Rel-17 behavior.
Compared with Option 2, we think Option 1 is more beneficial for NW KPIs and provides a better user experience for the UE. Because for Rel-18 dualTx/Rx UEs, the resource conflict for dual SIM operation is usually on SCell or SCG, there is no need to leave RRC connected state totally. Compared to the service interruption, it is better to continue with a lower date rate. Besides, if the NW cannot accept the suggestion in the UAI, the NW can send RRCRelease message to the UE, instead of not responding at all. So, we propose Option 1 as the way forward.
Another FFS issue if a timer is introduced is to specify details on the NW response and the UE behaviour at the timer expiry. Below we provide our analysis for Option 1 on each affected capability parameters.
1) affected SCell/SCG: 
With the affected SCell index/SCG indicated through the UAI, the UE may suffer from baseband/RF resource limitation on the specific SCell/SCG. According to our analysis in 2.1, we understand the NW can either release or deactivate the SCell/SCG based on UE request. So the NW response can be RRC reconfiguration or MAC CE. If SCell/SCG is released/deactivated within the timer, the UE will follow the NW configuration immediately; if no response from the NW is received, the UE will release or deactivate the SCell/SCG autonomously.
Observation 3: The NW response for affected SCell/SCG can be RRC reconfiguration or MAC CE to release or deactivate the corresponding SCell/SCG. After the timer expires, the UE releases or deactivates the SCell/SCG autonomously. 
2) reduced DL/UL MIMO layers: 
In current spec, the maximum DL/UL MIMO layer is configured through RRC signalling, and the actual used MIMO layer is scheduled dynamically. To avoid data loss, it is preferred to be reconfigured with a reduced MIMO layers as requested in the UAI. After the timer expires, the UE applies the MIMO layer configuration suggested in the UAI for the corresponding serving cell or for all the BWPs of the corresponding serving cell.   
Observation 4: The NW response for affected DL/UL MIMO layers can be RRC reconfiguration with maximum MIMO layer configuration as requested in the UAI. After the timer expires, the UE applies the maximum MIMO layer configuration suggested in the UAI for the corresponding serving cell or for all the BWPs of the corresponding serving cell.
3) measurement gap
In current spec, the gap-based measurement can only be updated through RRC reconfiguration. So after the timer expires, the UE may not perform gap-less measurement on the frequencies/serving cells as requested in the UAI.
Observation 5: The NW response for updated measurement gap requirement can be RRC reconfiguration compatible with the UAI (i.e. RRC reconfiguration with gap configured for the measured frequencies/serving cells, which requires gap in the UAI). After the timer expires, the UE may not perform gap-less measurement on the frequencies/serving cells if requires gap in the UAI.
Proposal 3: When the timer is running:
· if the UE transmits the preference for SCell(s)/SCG to be affected in the UAI, and the NW provides the RRC reconfiguration or MAC CE to release or deactivate the corresponding SCell/SCG; and
· if the UE transmits the preference for maximum MIMO layers in the UAI, and the NW provides the RRC reconfiguration with maximum MIMO layer configuration as requested in the UAI; and
· if the UE transmits the preference for measurement gap requirement in the UAI, and the NW provides the RRC reconfiguration compatible with the UAI (i.e. RRC reconfiguration with gap configured for the measured frequencies/serving cells, which requires gap in the UAI);
· the UE stops the timer.
Proposal 4: After the timer expires:
· if the UE transmits the preference for SCell(s)/SCG to be released or deactivated in the UAI, the UE releases or deactivates the SCell/SCG;
· if the UE transmits the preference for maximum MIMO layers in the UAI, the UE applies the maximum MIMO layer configuration suggested in the UAI for the corresponding serving cell or for all the BWPs of the corresponding serving cell;
· if the UE transmits the preference for measurement gap requirement in the UAI, the UE may not perform gap-less measurement on the frequencies/serving cells if requires gap in the UAI.
Early indication
In previous meeting, it was agreed an early indication of capability restriction can be sent during RRCSetup procedure (i.e. in Msg5) and RRCResume procedure (FFS on the signalling design), which is controlled by SIB1. But it is still not clear what’s the relationship of the early indication and the UAI sent in RRC connected state.
First of all, we understand the UE may optionally support proactive UAI or reactive UAI. Since the proactive and reactive approach require different UE implementation, here we analyze how the early indication works with reactive UAI and proactive UAI separately, taking the RRCsetup procedure as an example.
Case1: The UE supports early indication and reactive UAI
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Figure-1 The procedure of early indication and reactive UAI
In this case, the UE first sends early indication in Msg5 to indicate the capability is temporarily restricted, and then the NW may provide a conservative configuration in the first RRCReconfiguration. When the RRC configuration is compatible with temporary capability, the UE won’t initiate reactive UAI. When the restriction is removed, e.g. the NW-B leaves RRC connected state, the UE can send an empty UAI to indicate restriction removal.
Case2: The UE supports early indication and proactive UAI
[image: ]
Figure-1 The procedure of early indication and proactive UAI
In this case, after sending the early indication, the UE may send a proactive UAI to indicate capability restriction if the candidate frequency band filter is provided by the NW, even when the first RRC configuration is compatible with temporary capability. Based on the proactive UAI, the NW may increase the configuration if needed. However, one case is, the frequency bands within the filter provided by the NW may be not restricted at all, so the UE won’t initiate the UAI. 
Observation 6: When the early indication is indicated, the UE may not send the UAI after entering RRC connected state. 
Based on above observation, one issue with the early indication in RRC setup procedure is the risk of security. One scenario is, if the gNB misunderstands the UE with a restricted capability but the UE actually not, the gNB will continue with a conservative configuration. However, if the UE supports only reactive UAI, or the proactive capability restriction is not within the filter from the NW, no UAI will be initiated. Without receiving the UAI, it is ambiguous for the NW whether the UE prefers to keep the current configuration, or a fake Msg5 is received. 
Observation 7: When the UE doesn’t send UAI after entering RRC connected state, it is ambiguous whether there is temporary capability restriction and the UE prefers to keep the conservative configuration, or there is no temporary capability because of a fake Msg5.
In the last meeting, it was mentioned by some companies that the security issue could be left to NW implementation, that if no UAI is received in a certain period of time after receiving the early indication, the NW will assume there is no capability restriction. However, based on our analysis above, we think the UAI is not always initiated, so this method will bring the risk of configuration error. 
Observation 8: After early indication, if no UAI is received by the NW in a certain period of time, assuming no capability restriction results in configuration error. 
On the other hand, if the NW maintains the conservative configuration, a downgrading of system performance will occur when there is indeed a security issue, i.e. a fake Msg5 received indicating capability is restricted while the UE actually is not. Thus, we think to avoid security issue, the UE can double confirm the indication of capability restriction in an encrypted message, e.g. RRCReconfigurationComplete message. After receiving the early MUSIM indication in RRCSetupComplete message, if no further indication is included in RRCReconfigurationComplete message, the NW can consider the full capability, as reported in UECapabilityInformation, is valid and revert the configuration to the one that match with the UE’s normal capability.
Similar issue was discussed when the UL RRC segmentation capability was introduced in Msg5, which is used to help with NW on capability enquiry. It was agreed that by including the UL segmentation capability in UE capability container could help to provide more security protection. We understand compared with the segmentation capability, a fake Msg5 for early indication of capability restriction brings more security risk.
[bookmark: _Hlk146786371]Proposal 5: To avoid security issue, the early MUSIM indication is also introduced in RRCReconfigurationComplete message in RRC connection setup procedure for confirmation. 
[bookmark: _GoBack]Prohibit timer
Whether to define prohibit timer for the capability restriction UAI is still FFS. Irrespective of proactive and reactive approaches, the UE cannot predict how long the current configuration is maintained in the NW-B. When the NW B changes its configuration, the available resource for NW-A may change, and another UAI is necessary to inform the changes to the NW-A. This is beneficial to achieve a better user experience for the MUSIM operation. Hence, there is no need for prohibit timer for Rel-18 MUSIM scenario.
Proposal 6: No prohibit timer is defined for the UAI for R18 MUSIM purpose.
Conclusion
In this contribution, we further discussed MUSIM temporary capability restrictions and have the following proposals:
SCell/SCG restriction and reversal
Observation 1: The UE cannot indicate restriction removal on specific SCell/SCG after SCell/SCG release. The UAI for restriction removal is initiated when there is no capability restriction. 
Observation 2: There is a risk of ping-pong conflict after SCell/SCG release.
Proposal 1: For reactive approach, the UE can request to deactivate the SCell/SCG with measurement capability updated through the UAI. It is up to NW whether to deactivate or release the SCell/SCG. 
Timer for reactive UAI
Proposal 2: Introduce a timer for reactive approach for reporting of temporary capability restriction in UAI. The timer starts when the UE sends the UAI, and stops when a response matching the UAI from the NW is received. The timer length is configured by the NW.
Observation 3: The NW response for affected SCell/SCG can be RRC reconfiguration or MAC CE to release or deactivate the corresponding SCell/SCG. After the timer expires, the UE releases or deactivates the SCell/SCG autonomously. 
Observation 4: The NW response for affected DL/UL MIMO layers can be RRC reconfiguration with maximum MIMO layer configuration as requested in the UAI. After the timer expires, the UE applies the maximum MIMO layer configuration suggested in the UAI for the corresponding serving cell or for all the BWPs of the corresponding serving cell.
Observation 5: The NW response for updated measurement gap requirement can be RRC reconfiguration compatible with the UAI (i.e. RRC reconfiguration with gap configured for the measured frequencies/serving cells, which requires gap in the UAI). After the timer expires, the UE may not perform gap-less measurement on the frequencies/serving cells if requires gap in the UAI.
Proposal 3: When the timer is running:
· if the UE transmits the preference for SCell(s)/SCG to be affected in the UAI, and the NW provides the RRC reconfiguration or MAC CE to release or deactivate the corresponding SCell/SCG; and
· if the UE transmits the preference for maximum MIMO layers in the UAI, and the NW provides the RRC reconfiguration with maximum MIMO layer configuration as requested in the UAI; and
· if the UE transmits the preference for measurement gap requirement in the UAI, and the NW provides the RRC reconfiguration compatible with the UAI (i.e. RRC reconfiguration with gap configured for the measured frequencies/serving cells, which requires gap in the UAI);
· the UE stops the timer.
Proposal 4: After the timer expires:
· if the UE transmits the preference for SCell(s)/SCG to be released or deactivated in the UAI, the UE releases or deactivates the SCell/SCG;
· if the UE transmits the preference for maximum MIMO layers in the UAI, the UE applies the maximum MIMO layer configuration suggested in the UAI for the corresponding serving cell or for all the BWPs of the corresponding serving cell;
· if the UE transmits the preference for measurement gap requirement in the UAI, the UE may not perform gap-less measurement on the frequencies/serving cells if requires gap in the UAI.
Early indication
Observation 6: When the early indication is indicated, the UE may not send the UAI after entering RRC connected state. 
Observation 7: When the UE doesn’t send UAI after entering RRC connected state, it is ambiguous whether there is temporary capability restriction and the UE prefers to keep the conservative configuration, or there is no temporary capability because of a fake Msg5.
Observation 8: After early indication, if no UAI is received by the NW in a certain period of time, assuming no capability restriction results in configuration error. 
Proposal 5: To avoid security issue, the early MUSIM indication is also introduced in RRCReconfigurationComplete message in RRC connection setup procedure for confirmation. 
Prohibit timer
Proposal 6: No prohibit timer is defined for the UAI for R18 MUSIM purpose.
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