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Introduction
UE capability restrictions were discussed in RAN2#123 meeting [1] and made the following agreements with FFS:
	The UE can indicate that some frequencies (e.g. frequency ranges, bands or BCs) are impacted by NW B so that they are:
1) forbidden because of collision
2) having restricted (lower) capabilities (e.g. with lower MIMO layer).
The restrictions can apply to CA, DC and/or single CC.
The UL/DL MIMO layer and/or the UL/DL supported bandwidth restriction (if supported) shall only work for the restricted frequencies for the proactive case.
For dual active MUSIM, the UE can indicate the temporary maximum MIMO layers for specific serving cells for both UL and DL.
FFS whether there is a use case for the UE to indicate the temporary supported channel bandwidth for specific serving cells.
Maximum MIMO layers/bandwidth restriction is reported per CC ((FFS how we signal this).
FFS whether we support indicating temporary capability restrictions on SRS Tx switching capability. FFS whether this could be already indicated by the MIMO layer restrictions. 


There is also one FFS from RAN2-121bis [8] meeting on measurement gap requirement change:
	4: For Rel-18 MUSIM dual active operation, the measurement gap requirement change is reported for each serving cells, and for target bands or all supported NR bands depending on whether target bands are configured by the NW. FFS on whether the reporting can reuse the current needForGapInfoNR in RRC reconfiguration complete or extend the similar function in UAI.  FFS if this is only for NW A or also NW B.


In this contribution, we discuss the open issues from the above agreements.
Discussion
Signalling of RAN2 agreed capability parameters
RAN2 agreed that the UE can indicate that some frequencies (e.g. frequency ranges, bands or BCs) are impacted. We discuss the details in the following sub-sections.
0. Signalling of impacted (restricted) frequencies
In the post ED [6], indicating the impacted frequencies for proactive approach was discussed and the following proposals were provided.
	Proposal 1 [12/12] For proactive UE temporary capability reporting, UE reporting of its impacted frequency ranges are sufficient and there is no need for UE to additionally report preferred. 
Proposal 2 [9/12] UE can indicate impacted band(s) in a BC for the proactive reporting, detailled signalling is FFS. 
Proposal 3 [10/12] UE is allowed to only report the impacted band(s) based on a frequency/band filter list (e.g. frequencies/bands) configured by the network. 
Proposal 4 [12/12] UAI based signalling is also used for proactive reporting of temporary UE capability restriction. 


The details of how the UE signals the impacted band(s) were not discussed in the post ED [6]. Proactive approach generally may result in high signaling overhead and complexity so these should also be kept in mind while designing the solutions. 
Observation 1: The implementation complexity and signalling overhead should be considered for proactive approach.
One solution is to use the BC index to refer to a specific band combination reported in UE capability information. However, using only BC index is prone to interpretation errors at the UE and NW side if the UE and the NW are now perfectly aligned with the referred capability information. As a result, the same BC index may be interpreted as different BCs by the UE and the NW. 
Observation 2: There is risk of misalignment between the UE and the NW if only BC index is used to refer to BCs in the UAI. 
To address the issue with using only BC index, we present different solutions below:
· Solution 1: The UE can indicate the affected band(s) and the bands consisting of the band combination explicitly. But this will also bring a higher signaling overhead, considering a lot of BCs may be impacted even with a frequency band filter provided by the NW. It should also be noted that it’s complex for the UE to determine a number of affected band(s) and BCs in advance. 
· Solution 2: The NW provides candidate BCs in the filter, and the UE indicates the affected bands in the BCs from the candidate BCs filter provided by the NW. The indicated BC index can refer to the BC list in the filter from the NW.
· Solution 3: The NW provides candidate SCell/SCG frequency band(s) in the filter, and the UE indicates the affected band(s) from the SCell/SCG frequency bands(s) filter. These are not preferred to be added as one more SCell/SCG on top of the configured CA/DC combination. In this way, the affected combination could be considered as the current configured combination plus the indicated affected bands. The indicated band(s) are considered affected only based on the current configured band combination. When the configured band combination changes, a new filter can be provided by the NW, and the UE can report another UAI. 
Considering the trade-off of complexity and performance, we think solution 2 and solution 3 can be considered.
Proposal 1: For proactive approach, consider the following solutions to indicate affected bands in a BC:
1) The UE indicates affected bands and BC index according to the candidate BCs provided by the NW.
2) The UE indicates the affected bands to be added as one more SCell/SCG based on the current configured band combination, according to the candidate SCell/SCG bands from the NW. 
0. Signalling of maximum MIMO layers restriction per CC
[bookmark: _Hlk146296163][bookmark: _GoBack]In UE capability information, FSPC structure is used to report the maximum UL/DL MIMO layers per contiguous CC per band (including non-contiguous CC) per BC. for MUSIM, UE can signal the impacted (restricted) frequencies to indicate the temporary supported CA/DC capabilities. For the temporary supported band combinations, the UE can additionally signal the restricted maximum UL/DL MIMO layers per CC. For non-contiguous CC, it can be indicated separately for impacted frequencies, so naturally it is reported per CC due to different band entries. For contiguous CC, considering the UE capability is basically the same for contiguous CCs within a band, to simplify the signalling, the UE can report one value for maximum UL/DL MIMO layers restriction for an impacted band, and this value applies to all contiguous CCs within the impacted band. With this principle, the detailed signalling can be further studied after the signalling of impacted band(s) is determined.
Proposal 2: The UE indicates one value for maximum UL/DL MIMO layers restriction for impacted band. For non-contiguous CCs, the value is applied to CCs associated with the impacted band; for contiguous CCs, the value is applied to all contiguous CCs within the impacted band.
Proposal 3: The detailed signalling can be further studied after the signalling of impacted band(s) is determined.
0. Signalling of measurement gap requirement change
In RAN2-121bis [8], it was agreed that the UE can indicate the change of measurement gap requirement due to MUSIM dual active operation. Currently, the measurement gap requirement (i.e. IE needForGapsInfoNR) is reported in RRCReconfigurationComplete message and RRCResumeComplete message, where the UE can indicate whether measurement gap is required for each target band. In MUSIM scenario, we cannot always rely on RRCReconfigurationComplete message to indicate the current measurement gap requirement, since if the UE indicates MIMO/SCell/SCG change in UAI, it is possible that the NW does not send RRCReconfiguration message to the UE, e.g. the current configuration does not exceed the UE temporary capability or the NW decides to use MAC CE signalling instead of RRC configuration. To address the case that the UE’s measurement gap capability has been changed but the UE does not receive the RRCReconfiguration message from the NW, we prefer to add measurement gap capability in UAI message as other temporary capabilities and the existing needForGapInfoNR can be reused. 
Besides, as the measurement gap is used for the current RRC configuration, we consider there is no need to proactively indicate the change of measurement gap before receiving a RRC configuration. In other words, the change of measurement gap capability is only needed to indicate in the reactive approach.
Proposal 4: The UE can indicate the temporary capability restriction of measurement gap for R18 MUSIM purpose in the UAI by using the existing needForGapInfoNR. 
Proposal 5: The UE indicates the change of measurement gap capability based on the current RRC configuration. 
Supported channel bandwidth
The motivation of reduced aggregated bandwidth introduced in overheating/power saving assistance information is power saving, the power consumption can be reduced according to the reduced bandwidth. However, from UE capability perspective, we don’t see the case that the supported bandwidth is restricted. Some companies mentioned that this is to solve band conflict issue, it can be addressed by release/recovery of SCells/SCG, so bandwidth is unnecessary for MUSIM purpose.
Proposal 6: Do not introduce the signalling to indicate the temporary restrictions on bandwidth for MUSIM purpose.
SRS Tx switching capability
The RF chains will be changed in MUSIM scenario which impacts the SRS capability. However, the temporary restrictions on maximum UL/DL MIMO layers has already been supported and the temporary restrictions on SRS capability can be implicitly known from the maximum UL/DL MIMO layers. In RAN2#122 meeting, the CRs for clarification on UAI for UL MIMO layers were agreed in [2][3][4] with the following NOTE added. That means, if the maximum UL MIMO layers are reduced, the maximum number of SRS ports will be regarded as to be reduced to the same number.
NOTE 1: The field may also indicate the UE’s preference on reduced configuration corresponding to the maximum number of SRS ports (i.e. nrofSRS-Ports) of each serving cell operating on the associated frequency range.
Additionally, for SRS Tx switching capability srs-TxSwitch, the temporary restrictions on SRS Tx switching capability can be implicitly known based on the maximum UL/DL MIMO layers and legacy srs-TxSwitch-v1610 reported by the UE in the UE capability information message. This was introduced to match the reduced maximum UL/DL MIMO layers for power saving purpose [5], and the same mechanism can be reused for MUSIM purpose. For example, if the original srs-TxSwitch capability is t1r4, if the maximum DL MIMO layers are restricted to 2, the restricted SRS Tx switching capability is t1r2 based on t1r1-t1r2-t1r4 from srs-TxSwitch-v1610.
	srs-TxSwitch, srs-TxSwitch-v1610
Defines whether UE supports SRS for DL CSI acquisition as defined in clause 6.2.1.2 of TS 38.214 [12]. The capability signalling comprises of the following parameters:
-	supportedSRS-TxPortSwitch indicates SRS Tx port switching pattern supported by the UE, which is mandatory with capability signalling. The indicated UE antenna switching capability of ′xTyR′ corresponds to a UE, capable of SRS transmission on ′x′ antenna ports over total of ′y′ antennas, where ′y′ corresponds to all or subset of UE receive antennas, where 2T4R is two pairs of antennas. supportedSRS-TxPortSwitch-v1610, which is optional to report, indicates downgrading configuration of SRS Tx port switching pattern. If the UE indicates the support of downgrading configuration of SRS Tx port switching pattern using supportedSRS-TxPortSwitch-v1610, the UE shall report the values for this as below, based on what is reported in supportedSRS-TxPortSwitch.
	supportedSRS-TxPortSwitch
	supportedSRS-TxPortSwitch-v1610

	t1r2
	t1r1-t1r2

	t1r4
	t1r1-t1r2-t1r4

	t2r4
	t1r1-t1r2-t2r2-t2r4

	t2r2
	t1r1-t2r2

	t4r4
	t1r1-t2r2-t4r4

	t1r4-t2r4
	t1r1-t1r2-t2r2-t1r4-t2r4





Thus, there is no need to introduce additional signalling to indicate the temporary restrictions on SRS capability for MUSIM purpose.
Proposal 7: No need to introduce additional signalling to indicate the temporary restrictions on SRS capability for MUSIM purpose.
Conclusion
In this contribution, we further discussed MUSIM temporary capability restrictions and have the following observations and proposals:
Observation 1: The implementation complexity and signalling overhead should be considered for proactive approach.
Observation 2: There is risk of misalignment between the UE and the NW if only BC index is used to refer to BCs in the UAI. 
Proposal 1: For proactive approach, consider the following solutions to indicate affected bands in a BC:
1) The UE indicates affected bands and BC index according to the candidate BCs provided by the NW.
2) The UE indicates the affected bands to be added as one more SCell/SCG based on the current configured band combination, according to the candidate SCell/SCG bands from the NW. 
Proposal 2: The UE indicates one value for maximum UL/DL MIMO layers restriction for impacted band. For non-contiguous CCs, the value is applied to CCs associated with the impacted band; for contiguous CCs, the value is applied to all contiguous CCs within the impacted band.
Proposal 3: The detailed signalling can be further studied after the signalling of impacted band(s) is determined.
Proposal 4: The UE can indicate the temporary capability restriction of measurement gap for R18 MUSIM purpose in the UAI by using the existing needForGapInfoNR. 
Proposal 5: The UE indicates the change of measurement gap capability based on the current RRC configuration. 
Proposal 6: Do not introduce the signalling to indicate the temporary restrictions on bandwidth for MUSIM purpose.
Proposal 7: No need to introduce additional signalling to indicate the temporary restrictions on SRS capability for MUSIM purpose.
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