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Introduction
In this contribution, we further analyze the remaining issues for procedures of temporary capability restriction.
Discussion
Reactive UAI
In last meeting, it was agreed that a wait timer for reactive UAI was introduced for reactive approach. If no reconfiguration compatible with the temporary capability requested in the UAI is received within the timer, the UE can apply the temporary UE capability autonomously after the timer expires.
In our view, to align the understanding between the UE and the NW, this wait timer should be always configured if the UAI for temporary capability restriction is configured by the NW. In Rel-17, there is similar agreement for the wait timer to leave RRC_CONNECTED as follows.
	Agreement in RAN2#117e
Configuration of MUSIM leave assistance is optional, but if configured, always contains at least the MUSIM leave without response timer as mandatory field. When MUSIM leave assistance is configured, UE can indicate MUSIM assistance information for leaving RRC_CONNECTED (i.e. when UE indicates MUSIM leave, UE will leave when the MUSIM leave without response timer expires or it receives RRCRelease). 


Proposal 1: The wait timer is always configured if the UAI for temporary capability restriction is configured by the NW.
Besides, in previous meetings, some companies proposed to include the reduced max number of  DL/UL CCs in the UAI. We have sympathy on this, which is beneficial considering signaling overhead and complexity. In a possible implementation, the capability restriction is brought by the limited baseband processing of the number of CCs, in other words, the restriction is irrespective of what frequency band the CCs lie in. In this case, it is more efficient to indicate the reduced max number of  DL/UL CCs, instead of indicating a number of affected/forbidden band combinations with higher signaling overhead. 
Proposal 2: Include the reduced max number of  DL/UL CCs per FR in the UAI. 
Proactive UAI
For proactive approach, there are following agreements in last RAN2 meeting:
	For Rel-18 MUSIM dual active operation, UE is configured with the band-filter list by the NW A in the OtherConfig for forbidden/affected band signalling. 
For Rel-18 MUSIM dual active operation, UE indicates its forbidden/affected band combinations (or band(s)) based on the network configured band-filter list, in the UAI signalling to NW A.
For Rel-18 MUSIM dual active operation, UE signals its temporary capabilities restrictions as forbidden band combinations with band indexed to the band-filter list and/or affected band combinations with band indexed to the band-filter list along with explicit fields for restricted (lower) capabilities e.g. maximum MIMO layers.


According to the agreement, the reported restricted bands and/or band combinations refer to the candidate band list provided by the NW. In other words, a band outside the filter cannot be signalled in the UAI. Although it was agreed that the proactive approach can be independent with the current RRC configuration, we understand in order to avoid ping-pong issue for the serving cell, the candidate band list should at least include the serving frequency bands corresponding to the configured serving cells. For example, when the current configuration is CA combination{bandA+bandB+bandC}, and NW enables MUSIM UAI reporting in RRC configuration, then the band list filter in the same RRC message should at least include bandA, bandB and bandC.  
Proposal 3: The MUSIM band list filter provided by the NW should at least include the serving frequency bands, and this should be clear in the field description.
The second issue is whether the band list filter is mandatory to be provided by the NW or not. Based on the agreement, UE indicates its forbidden/affected band combinations or band(s) with band indexed to the band-filter list. Thus, if the UE prefers to report proactive UAI, the filter is necessary for referring the band index. In current running RRC CR, the MUSIM band list filter is optional configured, and if it is absent, the filter in UECapabilityEnquiry message can be used. However, this is not the RAN2 agreement, and with such way, there is even problem. The NW won’t transmit UECapabilityEnquiry message every time upon the setup of RRC connection, since sometimes the NW gets the UECapabilityInformation from CN. Based on the same reason that the temporary restricted capabilities in UAI should not refer to the band index in the UECapabilityInformation message, the filter in UECapabilityEnquiry message should not be used either to avoid mismatch issue between UE and NW. Hence, the band list filter should be a mandatory field if the NW enables the temporary restricted capabilities reporting.
Proposal 4: The MUSIM band list filter is a mandatory field if the NW enables the temporary restricted capabilities reporting.
In addition, based on the UAI signalling in current running 38.331 CR, some clarification is needed for the forbidden band combinations (i.e. MUSIM-ForbiddenBandComb-r18), to align the understanding between the UE and the NW. In our view, when a band combination is indicated as forbidden, the fallback combinations of the reported band combination should not be considered as forbidden. For example, when {A+B+C} is reported as the forbidden band combination, the UE may be able to support the fallback combinations of {A+B},{A+C}and {A}. When a fallback BC is also forbidden, e.g. {A+B}, it should be reported explicitly in the UAI. In other words, there should be no fallback mechanism on the reported forbidden band combination as UE capability reporting. Otherwise, capability restriction on a specific band combination cannot be implemented.
Proposal 5: There is no fallback mechanism for the reported forbidden/affected band combinations in UAI, i.e. the fallback combinations should not be considered as forbidden/affected. The UE needs to explicitly report each forbidden/affected band combinations.
Early indication
Firstly, we discussed a general issue for the early indication.
The early indication to indicate the temporary capability restriction can be signalled to the NW during RRC setup procedure and RRC resume procedure. The possible scenario is the UE has been in RRC_CONNECTED in NW-B, then when the UE is going to enter RRC_CONNECTED in NW-A, the UE may send the early indication to NW-A to avoid the first RRC reconfiguration exceeding temporary capability. However, it is still not clear what is the requested capability restriction of the early indication. From the NW side, it is ambiguous what configuration can be expected after receiving the early indication. So, we think having some explanation of the implication of the early indication in the specification is useful for the NW’s implementation.
In our view, considering the common case for capability restriction and a trade-off on performance, the early indication indicate the UE’s capability for only support of single CC(i.e. no CA/DC is supported) temporarily, and we think it should be captured in the specification, e.g., by using a Note, since it would be very helpful to the product developer.
Proposal 6: To capture the implication of the early indication in the specification (e.g., in a Note), the early indication indicate the UE’s capability for only support of single CC (i.e. no CA/DC is supported) temporarily.

Secondly, we discuss the following conclusion from last meeting.
	Working assumption: Early capability restriction indication is provided in Msg5. Detailed UE behaviour, if any, can be further discussed.


When the UE is in RRC_INACTIVE state, the stored configurations in the Inactive AS context may exceed its temporary restricted capability. After receiving the RRCResume message, the UE needs to restore these configurations or apply the new configuration included in the RRC resume message, which may exceed the UE’s temporary capability, so it will be a bit late to include the early indication in Msg5. 
In our understanding, in this case, if the UE prefers a conservative configuration (i.e. single CC) from the NW, the UE can choose to enter RRC_IDLE, and setup a new RRC connection with early indication signalled in Msg5.However, if the UE prefers to resume the RRC connection instead of entering RRC_IDLE, it should also be allowed it is left to UE how to handle the resource conflict brought by dual SIM operation, for example, sending the reactive UAI after entering RRC_CONNECTED. In this case, after receiving the RRCResume message, the UE may suffer from data loss for a very short period of time starting from receiving the RRC resume message until receiving the RRC reconfiguration message to mitigate the UE temporary capability restriction.
Actually, the similar issue may also exist for the RRC setup procedure, e.g., the NW’s first reconfiguration does not match with the UE’s temporary capability although the UE sends the early indication during the RRC setup procedure. If such case occurs, we think the same principle as above for RRC resume procedure should be applied.
Proposal 7: It is left to UE implementation how to handle the case when the configuration in the RRCResume message or in the first RRC reconfiguration message for RRC setup procedure exceeding the UE’s temporary capability, i.e. the detailed UE behavior is not specified in spec.
If the proposal 5 is agreed, we are fine to confirm the working assumption as the agreement. Otherwise, we still support the early indication in Msg 3 for RRC resume procedure, especially considering that extend LCID has been agreed. 
Proposal 7a: If proposal 6 is agreed, confirm the working assumption that “Early capability restriction indication is provided in Msg5 for RRC resume procedure” as the agreement. Otherwise, go for the other way, i.e., early capability restriction indication is provided in Msg3 for RRC resume procedure. 

Lastly, we analyze the relationship of the early indication and the UAI sent in RRC connected state.
First of all, it should be noted that the UAI is an optional message, it is up to UE whether/when to send the UAI. Even after sending the early indication in Msg5, when the RRC configuration is compatible with temporary capability, the UE may not send the UAI again. In another case, when all of the bands within the candidate band list provided by the NW is not restricted, the UE won’t initiate the UAI as well. To conclude, we understand after sending early indication, the UAI for capability restriction is not mandatory to be initiated after entering RRC_CONNECTED. 
Observation 1: After sending the early indication, the UE will not send the UAI for capability restriction after entering RRC_CONNECTED in some cases. 
Based on above observation, one issue is the risk of security of early indication in Msg5 for RRC setup procedure. One scenario is, considering RRCSetupComplete message is not encrypted, if a fake Msg5 is transferred to the gNB, the gNB may misunderstand the UE with capability restriction (i.e. no CA/DC is supported) but the UE actually not. However, with no UAI for capability restriction initiated in RRC_CONNECTED, the gNB will continue with a conservative configuration, which leads to performance degradation. Some companies may argue 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, the UAI is not always initiated, then this method will bring the risk of configuration error. 
Observation 2: The security risk of early indication exists in RRC setup procedure, if the UE doesn’t send UAI for capability restriction after entering RRC_CONNECTED.
To avoid security issue, a possible solution is, the UE can double confirm the capability restriction indication in an encrypted message, e.g. RRCReconfigurationComplete message. From NW perspective, after receiving the early indication in Msg5, if no further indication is included in RRCReconfigurationComplete message, the NW can consider there is no capability restriction, and it is up to NW to reconfigure the UE based on the full capability as reported in UECapabilityInformation.
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 8: To avoid security issue, the early MUSIM indication is also introduced in RRCReconfigurationComplete message in RRC connection setup procedure for confirmation. 
As analysed above, there is the case that after sending the early MUSIM indication, the UE has no need to send the UAI, e.g., due to no temporary capability restriction issue based on the band-filter provided by the NW, or due to the switching to RRC IDLE/INACTIVE of the other SIM card. In such case, the UE should indicate the removal of this early indication to the NW, otherwise, the NW still keep the outdate information.  In last meeting, it was agreed that the UE can remove the MUSIM capability restriction by not including any fields in capability restriction report. We understand the removal method is also applicable for early indication. That is, an empty UAI can be used to indicate the removal of the early indication in Msg5 if the UE decided that the no UAI to indicate the detailed temporary capability restriction is needed and the early indication is not valid. 
Proposal 9: UE can send an empty UAI  to indicate the removal of early indication in Msg5 if the UE decided that UAI to indicate the detailed temporary capability restriction is not needed and the early indication is not valid. 
Conclusion
In this contribution, we further discussed MUSIM temporary capability restrictions and have the following proposals:
Reactive UAI
Proposal 1: The wait timer is always configured if the UAI for temporary capability restriction is configured by the NW.
Proposal 2: Include the reduced max number of  DL/UL CCs per FR in the UAI. 

Proactive UAI
Proposal 3: The MUSIM band list filter provided by the NW should at least include the serving frequency bands, and this should be clear in the field description.
Proposal 4: The MUSIM band list filter is a mandatory field if the NW enables the temporary restricted capabilities reporting.
Proposal 5: There is no fallback mechanism for the reported forbidden/affected band combinations in UAI, i.e. the fallback combinations should not be considered as forbidden/affected. The UE needs to explicitly report each forbidden/affected band combinations.

Early indication
Proposal 6: To capture the implication of the early indication in the specification (e.g., in a Note), the early indication indicate the UE’s capability for only support of single CC (i.e. no CA/DC is supported) temporarily.
Proposal 7: It is left to UE implementation how to handle the case when the configuration in the RRCResume message or in the first RRC reconfiguration message for RRC setup procedure exceeding the UE’s temporary capability, i.e. the detailed UE behavior is not specified in spec.
Proposal 7a: If proposal 6 is agreed, confirm the working assumption that “Early capability restriction indication is provided in Msg5 for RRC resume procedure” as the agreement. Otherwise, go for the other way, i.e., early capability restriction indication is provided in Msg3 for RRC resume procedure. 
Proposal 8: To avoid security issue, the early MUSIM indication is also introduced in RRCReconfigurationComplete message in RRC connection setup procedure for confirmation. 
[bookmark: _GoBack]Proposal 9: UE can send an empty UAI  to indicate the removal of early indication in Msg5 if the UE decided that UAI to indicate the detailed temporary capability restriction is not needed and the early indication is not valid. 
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