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1 Introduction
In this document, we discuss signalling proposal for some restricted capabilities for Rel-18 MUSIM UE:
-	Restricted frequencies
-	Restricted number of serving cells (CCs)
-	Restricted max number of MIMO layers
-	Preferred frequency combination list
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2.1 Restricted Frequencies, CC:s and MIMO layers
In the email discussion “[Post123][234][MUSIM] UE preferred frequency”, companies expressed their preferences on indicating “impacted frequencies” in the proactive approach, i.e. how the UE indicates to a Nw A that some frequencies are problematic to use with Nw A due to UE simultaneous communication with a Nw B (and Nw A should avoid to configure the UE to use those frequencies). Many companies supported a solution closely linked to the supported bands or band combinations in UE capabilities, and the following draft proposal was the result:
“Proposal 2		[10/13] UE can indicate impacted band(s) in a BC for the proactive reporting, detailled signalling is FFS.”


We fear that using some kind of delta-signalling strictly linked to the supportedBandCombination lists in UE capabilities tend to get very complex (both to complete in Rel-18 time frame, and for UEs and Networks to implement), given the existing non-trivial band combination structures. In the email discussion, as well as in previous RAN2 discussions, we (as well as some other companies) have instead favoured solution that uses similar mechanisms as already used in the UAI framework. These mechanisms are not strictly coupled to the UE capability structures and parameters.
In the following, we describe the main components of this solution:

0 Should the MUSIM restricted capability feature operate on “bands” or “frequencies”?
It seems more logical to have the MUSIM restricted capability feature to operate on frequencies rather than bands. Frequencies is what the network operator uses for configuring serving cells. On a band, a network operator can configure multiple frequencies/cells. It could also be possible that within a band, the UE could communicate on one frequency with Nw A, and another frequency with Nw B.

1 Candidate serving frequency list
Similar to IDC feature, the network indicates a list of candidate serving frequencies (in RRCReconfiguration -> otherConfig) defined e.g. as below:

CandidateServingFreqList-r18 ::= SEQUENCE (SIZE (1..maxFreqMUSIM-r18)) OF 
                                      CandidateServingFreq-r18

CandidateServingFreq-r18 ::=     SEQUENCE {
    candidateCenterFreq-r18          ARFCN-ValueNR,
	candidateBandwidth-r18           ENUMERATED {khz200, khz400, khz600, khz800, mhz1, mhz2, mhz3,
                                                 mhz4, mhz5, mhz6, mhz8, mhz10, mhz20, mhz30, mhz40,
                                                 mhz50, mhz60, mhz80, mhz100, mhz200, mhz300,
												 mhz400}                        OPTIONAL -- Need R
}



2 Restricted serving frequency list
In UIA message, the UE indicates the set of candidate frequencies that are problematic for the UE, e.g. by indicating the list indexes of the restricted frequencies in candidate frequency list received from Nw:

RestrictedServingFreqList-r18 ::= SEQUENCE (SIZE (1..maxFreqMUSIM-r18)) OF                     
                                                            RestrictedServingFreqIndex

RestrictedServingFreqIndex ::= INTEGER (0.. maxFreqMUSIM-1-r18)


To prevent that UE gets into “problems”, the network avoids configuring the UE with serving cells on the UE-indicated restricted frequencies.
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Furthermore, mechanisms are needed such that Rel-18 MUSIM UE can indicate that its HW resources are restricted:
3 Restrict the number of serving cells (CCs) in CA/DC
Existing UAI framework allows the UE to indicate reduced max number of CCs in UL and DL (for overheating and power-saving purposes). 
ReducedMaxCCs-r16 ::=               SEQUENCE {
    reducedCCsDL-r16                    INTEGER (0..31),
    reducedCCsUL-r16                    INTEGER (0..31)
}

Although this is rather coarse granularity that does not consider intra vs inter-band CA/DC configurations or (for intra-band case) contiguous vs non-contiguous CA configurations, we assume this should be sufficient for the Rel-18 MUSIM case, possibly complemented with a preference indication to prevent DC configurations.
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4 Restrict the number of MIMO layers 
On the number of MIMO layers, the UIA framework already have the option for UE to indicate preferred number of MIMO layers per UL/DL and per FR1/FR2-1/FR2-2. Reusing this granularity for the Rel-18 MUSIM use case might mean that the MIMO capabilities that UE can offer to a Nw-A when also connected to a Nw-B are not utilized to the full extend, still we assume this is a simple and sufficient solution for the Rel-18 MUSIM use case.

    reducedMaxMIMO-LayersFR1            SEQUENCE {
        reducedMIMO-LayersFR1-DL            MIMO-LayersDL,
        reducedMIMO-LayersFR1-UL            MIMO-LayersUL
    } OPTIONAL,
    reducedMaxMIMO-LayersFR2            SEQUENCE {
        reducedMIMO-LayersFR2-DL            MIMO-LayersDL,
        reducedMIMO-LayersFR2-UL            MIMO-LayersUL
    } OPTIONAL
:
    reducedMaxMIMO-LayersFR2-2          SEQUENCE {
        reducedMIMO-LayersFR2-2-DL          MIMO-LayersDL,
        reducedMIMO-LayersFR2-2-UL          MIMO-LayersUL
    } OPTIONAL
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5 Preferred frequency combination list
This would be an alternative solution that would offer a finer granularity in the UE-reported preferences for restricted capabilities. With the preferred frequency combination list, the UE indicates a set of frequency combinations (by referencing to the frequencies in CandidateServingFrequencyList) with frequencies that the UE would prefer for serving cells in CA/DC operation. For each frequency in a frequency combination, it would also be possible for UE indicate restrictions on MIMO layers and bandwidth. Implicitly, the list would allow the UE to indicate a restriction on the number of serving cells (CCs) in CA/DC.

PrefFreqCombList-r18 ::= SEQUENCE (SIZE (1..maxFreqCombMUSIM-r18)) OF PrefFreqComb-r18

PrefFreqComb-r18 ::= SEQUENCE (SIZE (1..maxFreqMUSIM-r18)) OF FreqRestrictedCap

FreqRestrictedCap ::=               SEQUENCE {
    FreqIndex                    INTEGER (0..31),
    reducedMaxMIMO-LayersFR2            SEQUENCE {
        reducedMIMO-LayersFR2-DL            MIMO-LayersDL,
        reducedMIMO-LayersFR2-UL            MIMO-LayersUL
    } OPTIONAL
}

RestrictedServingFreqIndex ::= INTEGER (0.. maxFreqMUSIM-1-r18)
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Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Rel-18 MUSIM UE indicates restricted frequencies to be avoided for serving cells based on Nw-provided candidate serving frequency list.
Proposal 2	Rel-18 MUSIM UE indicates preference on reduced max number of CCs in UL/DL
Proposal 3	Rel-18 MUSIM UE indicates preference on max number of MIMO layers per FRx and per UL/DL
Proposal 4	Rel-18 MUSIM UE indicates preferred frequency combination list with frequencies that the UE would prefer for serving cells in CA/DC operation.
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