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1	Introduction
In RAN#94e, the work item for Rel-18 MUSIM is agreed in [1] with the following objective with RAN2 impact:
Enhancements for MUSIM procedures to operate in RRC_CONNECTED state simultaneously in NW A and NW B. [RAN2, RAN3, RAN4].
· Specify mechanism to indicate preference on temporary UE capability restriction and removal of restriction (e.g. capability update, release of cells, (de)activation of configured resources) with NW A when UE needs transmission or reception (e.g., start/stop connection to NW B) for MUSIM purpose
· RAT Concurrency: Network A is NR SA (with CA) or NR DC. Network B can either be LTE or NR.
· Applicable UE architecture: Dual-RX/Dual-TX UE

The work item shall identify whether the WI will have RAN3 or RAN4 impacts by RAN#99 [RAN2].

In this contribution,  some possible solutions to indicate the temporary capability reduction required for Rel-18 MUSIM is discussed. 
2	Discussion
The objective of the Rel-18 MUSIM WI is to allow the network to be simultaneously connected to both network A and network B.  UE does this by sharing its capability across network A and network B.  This implies that the UE will not be able to use its full capabilities in both network A and network B simultaneously while UE is connected in both networks.  UE hence must reduce its capability in one or both networks and this reduced capability must be signalled to the network. Two high level options to signal this discussed below.
Replace the current capability with the signalled temporary capability: One option is for UE to request a temporary update of the static UE capabilities by indicating the new (reduced) UE capabilities to the network.  This is the actual UE capability that will temporarily replace the static capability (no delta signalling).  As MUSIM will only impact some of the features, to avoid having to send the full updated capability, this replacement can be limited to some IEs of the UE capability.  Such an approach would be to update the UE capabilities dynamically when the UE goes connected in the other network.  Dynamic update of the UE capabilities could be of large size depending on the all the possible band combinations that are still possible in the UE capabilities (i.e. a new UE capabilities are provided using the existing signalling). Hence this option is not very efficient from the signalling overhead point of view.  On the other hand, the benefit of this approach is that the UE provides the new capability and there is no further “inference” needed on the network side to work out the actual temporary capability - once network simply has to replace the relevant fields in the IEs with the new value received.  Further, once the UE capability is updated, network can use normal configuration based only on the new temporary UE capability.  However, we still need to address the case where the capability might change after the network had provided a UE configuration, requiring the network to update the configuration.
Signal just the restriction in the capability: Another option is to indicate just the reduction in the capability from the static capability.  This can be seen a kind of delta signalling to the static capability and network has to infer/compute the actual UE capability.  This can be, for example, signalling the capability restriction using the UE assistance information.  This has been done in in Rel-15 for overheating and Rel-16 on UE power saving.  Some extensions to the UE assistance information procedure are needed for MUSIM and these are discussed further below.  It seems simpler to extend that framework also to cover capability reduction due to MUSIM as the overall intention is the same – to indicate to the network not to use a band/CC etc.  As it is more efficient to dynamically signal the capability reduction with minimal size to provide only the current reduction required, this seems a better approach over using a capability update directly.  
Proposal#1: Use the UE assistance information framework to indicate capability reduction/restriction for Rel-18 MUSIM.  
In the following sections, we first discuss what is in the UE request in UE assistance information and then follow by the general procedure. 
2.1 UE request for temporary UE capability restriction
Overheating mechanism is introduced with UE assistance information provided by the UE to inform the network which related configurations in the UE needs reduction in order to prevent UE from overheating.  The UE assistance for overheating can be related to configurations corresponding to bandwidth or to the number of MIMO layers or to the number of CCs.  This is further extended also to UE power saving with additional UE assistance information related to C-DRX configuration preferences, minimum scheduling offset preference and RRC states preference.  
For Rel-18 MUSIM, the UE request that is useful for temporary UE capability restriction in NW A is to indicate the bands or the CCs within a band that are no longer possible due to need to connect to NW B.  Other UE assistance from overheating and UE power saving such as bandwidth reduction and number of MIMO layer reduction on the UE capabilities in NW A may also be useful for Rel-18 MUSIM in order to satisfy simultaneous reception and transmission on NW B. However, it is not sufficient to just indicate the need to reduce the bandwidths and the number of MIMO layers by how much; there is also a need to indicate on which bands and/or CC such reduction is needed. The use of bandwidth and MIMO layers reduction may need more analysis whether such finer granularity is useful for Rel-18 MUSIM.

Observation#1: For Rel-18 MUSIM, the UE request for temporary UE capability restriction in NW A could indicate the bands or the CCs within a band that are no longer possible due to being in RRC CONNECTED in NW A and B simultaneously. Other parameters need further discussion.

Two options are possible here on how to signal the capability restriction – (i) the actual capability restrictions in network A or (ii) the capability in use in network B.  These are discussed below.

(i) For signalling the capability restriction in network A, UE request for temporary UE capability restriction on the bands and/or CCs within a band can be provided explicitly for example like the following:

1) For CC in NW A that has not been configured as a serving cell yet (e.g. SCell):
· The FrequencyInfoDL (SCS-SpecificCarrier, absoluteFrequencyPointA, FreqBandIndicatorNRs) for DL CC(s)/Band which is no longer possible 
·  The FrequencyInfoUL (SCS-SpecificCarrier, absoluteFrequencyPointA, FreqBandIndicatorNRs) for DL CC(s)/Band which is no longer possible 

2) For CC in NW A that has already been configured as a serving cell, the UE can provide the SCellIndex instead of indicating the frequency info of the DL/UL CC.

(ii) Alternatively, the UE can provide the bands or CCs within a band that are currently used by NW B to NW A and NW A can infer the band/CC/band combination restrictions based on the existing band combinations for CA and DC in the UE capability.

Proposal#2: For Rel-18 MUSIM, discuss further the two options for the UE request for temporary UE capability restriction in NW A (i) explicitly indicating the bands or the CCs within a band that are no longer possible/available in NW A due to connectivity in NW B or by (ii) indicating the bands or the CCs within a band that are used by UE in NW B and network infer the band/CC/band combination restrictions based on the existing band combinations for CA and DC in the UE capability.


2.2	Procedure aspect
An example procedure for Rel-18 MUSIM operation can be described by the following message sequence chart as shown below with each step being explained further:


[bookmark: _Ref115186344]Figure 1: Example procedure for Rel-18 MUSIM to provide capability restrictions

1. UE enters RRC Connected and UE provides UE capability information (including the UE support of Rel-18 MUSIM) if requested by network.
2. If UE supports Rel-18 MUSIM and network also supports it, it may configure the UE with Rel-18 MUSIM configurations (i.e. whether UE is allowed to request for which CCs and/or SCells and/or bands that are restricted and/or the number of MIMO layers within a CC/SCell/band to reduce and/or the bandwidth and location of a CC/SCellband.
3. UE goes connected in network B that results in an inability to continue with the current network configuration in network A
4. When the connection in NW B requires restriction of UE configuration from NW A, UE can indicate the temporary UE capability restriction by indicating certain configuration is not preferred based on the Rel-18 MSUIM configuration in Step 2.
5. Upon receiving the indication from UE, the network can perform either a RRC Reconfiguration to releasea SCell and/or reduce the MIMO layers and/or reduce bandwidth or L1 signalling via PDCCH to perform BWP switching or MAC CE to deactivate SCell.
[bookmark: _Hlk115033279]If it is agreed that continuous temporary update of the UE capabilities in NW A is allowed due to changing configurations in NW B as discussed in [2], Step 3 and 4 can be repeated while UE is connected to NW A.  For example, if network B configures another CC, this may impose additional restriction on acceptable configurations from network A. This will need to be signalled towards network A and network A must take these continuous updates of the capability into account.  And Step 3 can also indicate to the network that there is no restriction (e.g. when connection or certain configuration to NW B is released). 
Proposal#3: Use the above procedure shown in Figure 1 as a baseline for further discussion of Rel-18 MUSIM operation.
Proactive vs reactive indication of capability restriction
Assuming that continuous temporary update of the UE capabilities is allowed, there are 2 ways in which the UE may initiate the UE request for temporary UE capability restriction to network A
Option 1 (proactive): UE proactively initiate the UE request for temporary UE capability restriction to network A
Option 2 (reactive):  the UE only indicates the restriction when NW A attempts to configure CCs on those bands to the UE
In Option 1, UE proactively provide the temporary UE capability restriction  to network A regardless of whether the network A is or is likely to be affected by the temporary UE capability restriction. 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. 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.  
Another issue with the pro-active indication is that it could delay the RRC Reconfiguration until network receives the restriction or an indication of no restriction is applicable.  This may be particularly an issue during connection setup/Resume if the UE is already connected to network B and needs to restrict network A (though this depends also on which one is NW A/B).  
In Option 2, UE does not have to proactively indicate the capability restriction to those bands when NW B configuration restricts the use of those bands in NW A.  Instead, the UE only indicates the restriction when NW A attempts to configure CCs on those bands to the UE. When this happens, the UE can reject the NW A attempt to configure CCs on those bands that are restricted due to the current configuration already used by NW B.  UE also then provides the UE assistance information indication with the restrictions to network A either in the rejection message itself or in a separate message via the UAI or other form of UE feedback.
An issue with this option is that it can introduce additional delay if the configuration is not acceptable to the UE due to MUSIM.  And it goes against one of the fundamental principles of RRC for a long time – network only provides a configuration that is compliant to the UE capability.
Combinations of both options can also be considered to minimise the drawbacks of each option.
Proposal#4: Assuming that continuous temporary update of the UE capabilities is allowed, RAN2 discuss the following 2 options, including combinations of them:
Option 1: UE proactively initiate the UE request for temporary UE capability restriction to network A
Option 2: UE only indicates the restriction when NW A attempts to configure CCs on those bands to the UE.
In both options, there is still the possibility that a configuration in use in network A cannot be supported when UE goes connected in network B (that is, the configuration is already in use in NW A when the restriction happened).  Note that this can happen even with proactive indication option.   The exact sequence of these events/signalling and the handling of the configuration during the transient periods needs further discussion.  For example, when UE is using resources in network A that becomes restricted due to a new configuration in network B, does the UE accept the configuration in network B before requesting a restriction in network A?  Solutions for this could be to allow e.g. additional delay in responding to the configuration request in network B, allowing temporary invalid configuration, etc.  
Proposal#5: Discuss further the handling of the transition period when a configuration in use in NW A becomes restricted due to a new configuration in NW B.
2.3 Further Overhead reduction (if continuous temporary update of the UE capabilities is allowed)
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#2:  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#6: If continuous temporary update of the UE capabilities between UE and NW A are needed, 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:
Proposal#1: Use the UE assistance information framework to indicate capability reduction/restriction for Rel-18 MUSIM.  
Observation#1: For Rel-18 MUSIM, the UE request for temporary UE capability restriction in NW A could indicate the bands or the CCs within a band that are no longer possible due to being in RRC CONNECTED in NW A and B simultaneously. Other parameters need further discussion.

Proposal#2: For Rel-18 MUSIM, discuss further the two options for the UE request for temporary UE capability restriction in NW A (i) explicitly indicating the bands or the CCs within a band that are no longer possible/available in NW A due to connectivity in NW B or by (ii) indicating the bands or the CCs within a band that are used by UE in NW B and network infer the band/CC/band combination restrictions based on the existing band combinations for CA and DC in the UE capability.

Proposal#3: Use the procedure below as a baseline for further discussion of Rel-18 MUSIM operation.


Proposal#4: Assuming that continuous temporary update of the UE capabilities is allowed, RAN2 discuss the following 2 options, including combinations of them:
Option 1: UE proactively initiate the UE request for temporary UE capability restriction to network A
Option 2: UE only indicates the restriction when NW A attempts to configure CCs on those bands to the UE.
Proposal#5: Discuss further the handling of the transition period when a configuration in use in NW A becomes restricted due to a new configuration in NW B.
Observation#2:  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#6: If continuous temporary update of the UE capabilities between UE and NW A are needed, 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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