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Introduction
RAN2 discussed the summary from the post email discussion [1] for R18 MUSIM in RAN2-121 [2] and made the following agreements with FFS:
	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.
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.
RAN2 to discuss whether prohibit timer is needed for the signaling of temporary UE capability restrictions This can wait until after progress is made on the signaling framework. 
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.
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.
RAN2 considers the only RAN3 impact may be to support the UE request of SCG/SCell release via SRB3 (if supported) for MUSIM purpose (e.g. cause value).  If this can be done via inter-node messages, RAN2 expects no RAN3 impacts.
RAN2 confirms that the band conflict scenarios will be covered by the temporary UE capability restrictions. FFS on signalling details.



In this contribution, we discuss the open issues from the above agreements.
Discussion
Procedures for MUSIM temporary capability restriction
In the previous meeting, RAN2 has agreed that when the UE is in RRC_CONNECTED in NW A and moving from RRC_IDLE/INACTIVE to RRC_CONNECTED in NW B, the signalling for temporary UE capability restrictions can happen on NW A. It is FFS how to handle if the UE is moving from RRC_IDLE/INACTIVE to RRC_CONNECTED in NW A and is in RRC_CONNECTED in NW B. 
For this scenario, since part of the UE capabilities will be occupied for working under NW B, UE cannot use full UE capabilities in NW A during and after setup/resume procedure.
Observation 1: UE cannot use full UE capabilities during and after setup/resume procedure in NW A when UE is moving from RRC_IDLE/INACTIVE to RRC_CONNECTED in NW A while being RRC_CONNECTED in NW B.
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Figure 1: Procedure for RRC setup

RRCReconfiguration
Configuration may exceed the current UE capabilities
UE
gNB
 RRCResume
RRCResumeComplete
Configure UE based on the UE context stored in gNB
RRCResumeRequest

Figure 2: Procedure for RRC resume
Case 1: UE is moving from RRC_IDLE to RRC_CONNECTED in NW A and is in RRC_CONNECTED in NW B
During the RRC setup procedure, since the gNB has not obtain the UE capability from the core network, the configuration in RRCSetup will be conservative. After the RRC setup procedure, the first configuration in RRCReconfiguration message may exceed the current temporary UE capabilities, since the gNB will configure the UE based on full capabilities (stored in CN) forwarded by the CN, e.g. the CA/DC combination or MIMO layers that cannot be supported. However, as long as the gNB enables the UE to report the UAI for temporary capability update in the first RRCReconfiguration message, then this is a general issue. The UE can report the UAI to indicate its temporary capability restriction if the configurations have exceeded its current temporary capability, and the UE shall not declare RRC reconfiguration failure.
Proposal 1: For the case that UE is moving from RRC_IDLE to RRC_CONNECTED in NW A and is in RRC_CONNECTED in NW B, the UE can rely on the general UAI procedure to indicate its temporary capability restriction in NW A after it enter into RRC_CONNECTED in NW A.
Case 2: UE is moving from RRC_INACTIVE to RRC_CONNECTED in NW A and is in RRC_CONNECTED in NW B
According the current procedure, the UE shall release the configurations from otherConfig if the UE is moved from connected state to inactive state, and RRCResume message cannot configure the otherConfig for the UE. When the UE is in RRC_INACTIVE state, the stored configurations in the Inactive AS context may exceed its current temporary capability. After receiving the RRCResume message, the UE needs to restore these configurations which would have problem. The difference with the RRC setup case is the UE cannot send the UAI to indicate its temporary capability restriction if the current configuration has exceeded its temporary capability. The reason is that the UE shall release the configurations from otherConfig if the UE is moved from connected state to inactive state, and RRCResume message cannot configure the otherConfig for the UE. 
For this case, if the stored configurations in the UE’s AS context have exceeded the UE’s temporary capability when the UE initiates the RRC resume procedure in NW A, it is better for the UE to indicate such situation to the gNB during the RRC resume procedure. The indication can be in a simple manner, e.g., 1-bit indication. Based on this indication, the gNB can change the UE’s configuration to a conservative one. However, it needs further study on whether to define a minimum UE capability set that is associated with this indication.
Proposal 2: During the RRC Resume procedure, the UE can send an indication to inform the gNB that the current UE capabilities are reduced. FFS on whether to define a minimum UE capability set that is associated with this indication.
Furthermore, the temporary UE capability update is under gNB’s control, so whether the RRC INACTIVE UE can send above indication should be configured by the gNB via the system information. 
Proposal 3: System information can indicate whether UE is allowed to indicate the current UE capabilities are reduced during RRC Resume procedure.

Details for MUSIM temporary capability restrictions
0. Allowed MUSIM temporary capability restrictions
Considering the scenarios, if the SIM B is in RRC_IDLE/RRC_INACTIVE, SIM A can use full capability, e.g. all RF chains will be occupied by the SIM A. But if the SIM B enters RRC_CONNECTED, some of the RF chains will be occupied by the SIM B, so the RF chains that can be used by SIM A will be restricted. RF chains impact the scheduled maximum UL/DL MIMO layers and thus MIMO layers need to be updated for MUSIM purpose. For example, assuming the UE with capability of 2 UL MIMO layers and 4 DL MIMO layers, if the SIM B is in RRC_IDLE/RRC_INACTIVE, the UE can use 2 UL MIMO layers for transmission and 4 DL MIMO layers for reception in NW A. After the SIM B switches to RRC_CONNECTED, the UE may split the capability between NW A and NW B, e.g. the UE may only use 1 UL MIMO layer for transmission and 2 DL MIMO layers for reception in NW A. After the SIM B switched from RRC_CONNECTED state to RRC_IDLE/INACTIVE state again, the UE will resume its capability to support 2 UL MIMO layers and 4 DL MIMO layers in NW A. Additionally, when the UE’s configuration is updated in NW B, e.g. measurement configuration for inter-frequency measurement, ANR configuration, the RF chains that can be allocated for NW A may change correspondingly. Thus, the UE should be able to inform the NW A of its capability update in terms of the maximum UL/DL MIMO layers. Otherwise, the NW A may schedule the UE with the number of MIMO layers that UE cannot support.
Similarly, due to the RF chains shared by SIM A and SIM B, in addition to MIMO layers, the measurement gap capability will also be impacted. If SIM A can use full RF chains, measurement gaps may be not needed for measuring some target bands. But if some of the RF chains are occupied by the SIM B, SIM A can only use a portion of RF chains, measurement gaps may be needed for measuring some target bands due to RF restriction. 
In addition to MIMO layers and measurement gap, it was agreed that the request for release (and reversal) of SCells and SCG will be supported, and we further give analysis for UE-initiated SCell/SCG deactivation/activation in [3]. Then for band conflict case, it can be covered by release/recovery of SCells/SCG or deactivation/activation of SCell/SCG, thus no additional signalling procedure is needed specially for band conflict.
Proposal 4: In addition to release/recovery of SCells/SCG, at least the UE’s capability on maximum UL/DL MIMO layers and measurement gap can be reported to the network due to the temporary UE capability restriction.
Regarding the signaling for updating temporary UE capability, proactive signaling was considered, that is, UE indicates all possible UE capabilities that remained in SIM A when a portion of UE capabilities is occupied by the SIM B, e.g. all temporary BCs and associated temporary capabilities parameters. UECapabilityInformation structure may be re-used for signaling the temporary UE capability in UAI. The drawbacks are obvious that it costs too much signaling overhead and quite a few UE capabilities won’t be used. As one enhanced solution, the UE reports temporary UE capability sets and gives associated indexes, only index needs to be signaled when the UE capabilities change. It reduces the signalling overhead to some extent, but it requires UE to traverse all possible temporary UE capability sets in advanced which is not easy. Thus, we think reactive signaling is easier for implementation and with less signaling overhead, that is, UE reports temporary UE capabilities based on the current configuration.
Proposal 5: RAN2 to consider the UE reports temporary UE capabilities only based on its current configuration.
Based on the above temporary UE capabilities that can be reported by the UE, we further discuss the granularity and signalling design below.
· Release/recovery of SCells/SCG
In overheating/power saving assistance information, the maximum number of SCells is reported. However, in MUSIM case, some specific SCells will not be able to be supported by the UE due to RF restriction. Thus, the UE needs to indicate which SCell cannot be supported explicitly, for example, the UE indicates the serving index for SCell that needs to be released in UAI message. Besides, to indicate the release of SCG, a single bit can be added in UAI message.
· Maximum UL/DL MIMO layers
In overheating/power saving assistance information, UE preferred maximum UL/DL MIMO layers is per frequency range, this is enough for power saving purpose. But for MUSIM, similar to restriction on SCells, the maximum UL/DL MIMO layers can be supported for different serving cells may not be the same. So the maximum UL/DL MIMO layers should be updated per serving cell.
· Measurement gap
Currently, there is IE needForGapsInfoNR in RRCReconfigurationComplete message and RRCResumeComplete message for reporting measurement gap capability. The UE can indicate whether measurement gap is required for each target band. When UE needs to update the measurement gap capability for MUSIM by UAI , the same IE can be re-used, that is, adding the IE needForGapsInfoNR in UAI message.
[bookmark: _GoBack]After UE reports the temporary UE capabilities, when the service in SIM B is finished, the UE needs to indicate the recovery of the UE capabilities. Similar as the overheating/power saving assistance information, the UE can indicate there is no restriction on UE capabilities anymore by omitting the corresponding assistance information in UAI message.
Proposal 6: Separate information are introduced in UAI message for updating different UE capabilities:
· Serving index for SCell is reported for indicating release of Scell
· A single bit is introduced for indicating release of SCG
· The maximum UL/DL MIMO layers is reported per serving cell
· The current needForGapsInfoNR is reused for updating measurement gap capability
0. Other open issues
Open Issue 1: Prohibit timer for the signalling of temporary UE capability restrictions
For R17 MUSIM, the prohibit timer was introduced to prevent frequent UAI messages to the NW. Prohibit timer is acceptable in R17 since RRC_IDLE/INACITVE state is considered for NW B, so some latency won’t impact activities in NW B too much. Besides, value zero was introduced to avoid the latency. However, R18 MUSIM handles the scenarios when the UE is in RRC_CONNECTED state simultaneously for both NW A and NW B. Introducing a prohibit timer increases delay in RRC Reconfiguration and degrades the performance for both the end user and the NW, for example, the mismatch of UE capability and NW configuration leads to data lost. 
Proposal 7: No need to have prohibit timer for the signaling of temporary UE capability restrictions.
Open Issue 2: Autonomous update for temporary UE capability
After the UE transmits the UAI message for temporary capability restriction, if the UE receives RRC Reconfiguration message corresponding to temporary capability, the UE starts to use new configuration (and the temporary capability). However, if the UE does not receive RRC Reconfiguration message, what’s the UE behavior? For MUSIM case, if the SIM B decides to enter RRC_CONNECTED from RRC_IDLE/RRC_INACTIVE, partial capability has to be occupied by the SIM B, so SIM A can only use restricted capability. Thus, similar to Rel-17 UE preference of leaving RRC_CONNECTED state for MUSIM purpose, if the UE does not receive RRC Reconfiguration message for a period of time, the UE is allowed to use the temporary updated capability autonomously.
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Figure 3: The procedure for autonomous temporary capability update
Proposal 8: After the UE transmits the UAI message for temporary capability restriction due to MUSIM operation, if the UE does not receive RRC Reconfiguration message for a period of time, the UE is allowed to use the temporary updated capability autonomously, and this period of time is configured by gNB.
Open Issue 3: RAN3 impact for supporting the UE request of SCG release
The signalling procedure for UE request of SCG release and RAN3 impacts were discussed and SCG release request to MN or to SN by SRB3 were mentioned. In our understanding, for UE power saving scenario, the UE can request SCG release by SRB3 due to the assistance information for UE power saving is CG specific and the MN and SN can independently control how to downgrade the UE’s configurations for power saving. However, in MUSIM scenario, considering the UE’s capability restriction is due to the combined configuration of MN and SN, whether to release the SCG should be controlled by MN. Thus, we don’t see the motivation for the UE to request the release of SCG to SN for MUSIM purpose. By sending the UAI to MN for requesting the release of SCG, no RAN3 impact if expected. 
Proposal 9: UE can only transmit UAI for requesting SCG release to MN for MUSIM purpose, and no RAN3 impacts is expected.
Conclusion
In this contribution, we further discussed MUSIM temporary capability restrictions and have the following observations and proposals:
Procedures for MUSIM temporary capability restriction
Observation 1: UE cannot use full UE capabilities during and after setup/resume procedure in NW A when UE is moving from RRC_IDLE/INACTIVE to RRC_CONNECTED in NW A while being RRC_CONNECTED in NW B.
Proposal 1: For the case that UE is moving from RRC_IDLE to RRC_CONNECTED in NW A and is in RRC_CONNECTED in NW B, the UE can rely on the general UAI procedure to indicate its temporary capability restriction in NW A after it enter into RRC_CONNECTED in NW A.
Proposal 2: During the RRC Resume procedure, the UE can send an indication to inform the gNB that the current UE capabilities are reduced. FFS on whether to define a minimum UE capability set that is associated with this indication.
Proposal 3: System information can indicate whether UE is allowed to indicate the current UE capabilities are reduced during RRC Resume procedure.
Details for MUSIM temporary capability restrictions
Proposal 4: In addition to release/recovery of SCells/SCG, at least the UE’s capability on maximum UL/DL MIMO layers and measurement gap can be reported to the network due to the temporary UE capability restriction.
Proposal 5: RAN2 to consider the UE reports temporary UE capabilities only based on its current configuration.
Proposal 6: Separate information are introduced in UAI message for updating different UE capabilities:
· Serving index for SCell is reported for indicating release of Scell
· A single bit is introduced for indicating release of SCG
· The maximum UL/DL MIMO layers is reported per serving cell
· The current needForGapsInfoNR is reused for updating measurement gap capability
Proposal 7: No need to have prohibit timer for the signaling of temporary UE capability restrictions.
Proposal 8: After the UE transmits the UAI message for temporary capability restriction due to MUSIM operation, if the UE does not receive RRC Reconfiguration message for a period of time, the UE is allowed to use the temporary updated capability autonomously, and this period of time is configured by gNB.
Proposal 9: UE can only transmit UAI for requesting SCG release to MN for MUSIM purpose, and no RAN3 impacts is expected.
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