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1. Introduction
In Rel-15 NR, capabilityRequestFilter in UE-CapabilityRAT-Request is provided per RAT-type, and it is not possible for network to provide a UE capability filter to limit the total number of carriers per UE as in LTE. I.e. in NR network can only to set a limit per band.

In this contribution, we propose the mechanism of the additional filtering for NR SA that the network can limit total number of carriers per UE.
2. Discussion

Compared to LTE structure of UE capability information, the main difference of NR UE capability information is introduction of feature sets and feature set combinations. UE can compile and transfer the supported band combinations and feature sets separately with linking information, and it reduces the redundant capabilities which were reported in LTE.
However, the size of UE capability information in practical NR systems is still huge and it is estimated to exceed the maximum size of PDCP SDU [1]. RAN2 is now working on reducing the overhead of UE capabililties by introducing the UE capability index and segmentation of RRC message. However, it is very helpful to set the upper limit across all NR bands by adding just some bits in the UECapabilityEnquriy message.
2.1
Legacy mechanism of limiting the maximum number of CCs in LTE
In LTE, there are some restriction for UE to provide the capability information to the NW and those request are indicated by filtering information in UECapabilityEnquiry message. For example, requestedMaxCCsDL/ UL are requested by eNB in order to limit the total number of CCs which UE support in this serving cell. UE just includes the band combinations (BCs) below the number of this restriction and the UE capability information only corresponding those BCs so that the non-necessary capabilities are not reported to the eNB. Below is the ASN.1 signaling for the filtering of UECapabilityEnquiry message in LTE.
UECapabilityEnquiry-v1310-IEs ::=
SEQUENCE {


requestReducedFormat-r13


ENUMERATED {true}




OPTIONAL,
-- Need ON


requestSkipFallbackComb-r13


ENUMERATED {true}




OPTIONAL,
-- Need ON


requestedMaxCCsDL-r13



INTEGER (2..32)





OPTIONAL,
-- Need ON


requestedMaxCCsUL-r13



INTEGER (2..32)





OPTIONAL,
-- Need ON

requestReducedIntNonContComb-r13
ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



UECapabilityEnquiry-v1430-IEs

OPTIONAL

}

However, there are no filtering mechanism for NR standalone UEs to limit the total number of per UE. Based on the NR ASN.1 structure, the filtering of limiting the number of CCs are associated with each band i.e. gNB would limit the total number of CCs for the specific bands.
Below is the ASN.1 signaling for the filtering of UECapabilityEnquiry message in NR.
UECapabilityEnquiry ::=         SEQUENCE {

    rrc-TransactionIdentifier           RRC-TransactionIdentifier,

    criticalExtensions                  CHOICE {

        ueCapabilityEnquiry                 UECapabilityEnquiry-IEs,

        criticalExtensionsFuture            SEQUENCE {}

    }

}

UECapabilityEnquiry-IEs ::=     SEQUENCE {

    ue-CapabilityRAT-RequestList        UE-CapabilityRAT-RequestList,

    lateNonCriticalExtension            OCTET STRING                                  OPTIONAL,

    ue-CapabilityEnquiryExt             OCTET STRING (CONTAINING UECapabilityEnquiry-v1560-IEs)                 OPTIONAL

}

UE-CapabilityRequestFilterNR ::=            SEQUENCE {

    frequencyBandListFilter                     FreqBandList                  OPTIONAL,   -- Need N

    nonCriticalExtension                        UE-CapabilityRequestFilterNR-v1540    OPTIONAL

}

UE-CapabilityRequestFilterNR-v1540 ::=      SEQUENCE {

    srs-SwitchingTimeRequest                    ENUMERATED {true}              OPTIONAL,  -- Need N

    nonCriticalExtension                        SEQUENCE {}                    OPTIONAL

}

FreqBandList ::=                SEQUENCE (SIZE (1..maxBandsMRDC)) OF FreqBandInformation

FreqBandInformation ::=         CHOICE {

    bandInformationEUTRA            FreqBandInformationEUTRA,

    bandInformationNR               FreqBandInformationNR

}

FreqBandInformationEUTRA ::=    SEQUENCE {

    bandEUTRA                       FreqBandIndicatorEUTRA,

    ca-BandwidthClassDL-EUTRA       CA-BandwidthClassEUTRA                  OPTIONAL,   -- Need N

    ca-BandwidthClassUL-EUTRA       CA-BandwidthClassEUTRA                  OPTIONAL    -- Need N

}

FreqBandInformationNR ::=       SEQUENCE {

    bandNR                          FreqBandIndicatorNR,

    maxBandwidthRequestedDL         AggregatedBandwidth                     OPTIONAL,   -- Need N

    maxBandwidthRequestedUL         AggregatedBandwidth                     OPTIONAL,   -- Need N

    maxCarriersRequestedDL          INTEGER (1..maxNrofServingCells)        OPTIONAL,   -- Need N

    maxCarriersRequestedUL          INTEGER (1..maxNrofServingCells)        OPTIONAL    -- Need N
}

For example, the current NR filtering mechanism can be applied for below 4 bands:

· Band A: upto 4 CCs

· Band B: upto 2 CCs

· Band C: upto 3 CCs

· Band D: upto 3 CCs

In this case, the number of CCs is various and it can be determined how many bands are included in the BCs as below results:
· BC#1(A, B, C, D): 12 CCs

· BC#2(A, B, C): 9 CCs

· BC#3(A, C, D): 10 CCs

· BC#4(A, B): 6 CCs

Based on the above observation, gNB cannot estimate the maximum number of CCs all across NR bands which is reported by UE because gNB is no information how UE support the BCs. So, the existing filtering is not usefull from gNB perspective, so we think the legacy mechanism to limit the total number of CCs is needed.

2.2
Solution of the limiting the maximum number of CCs in NR
As explained above section, introducing the new filtering of UE capability to limit total number of carriers per UE is benefitial in terms of reducing the signaling overhead for UE capability information. In addition, this reduction is very simple and efficient way because the gNB can limit the UE capabilities which can be handled in this network i.e. this serving cell.
From ASN.1 signalling perspective, those parameters of filtering (e.g. maxCarriersRequestedDL and maxCarriersRequestedUL) should be included in the UE-CapabilityRequestFilterNR in UECapabilityEnquiry message. Therefore, this parameter can only apply for all NR SA cases.
Proposal 1: For NR SA, introduce the filtering of capabilities to limit the total number of CCs per UE i.e. UE-CapabilityRequestFilterNR can include these request e.g. maxCarriersRequestedDL/ maxCarriersRequestedUL.
In addition, it is also necessary for UE to include the received filtering information which is also applied by UE same as other filtering information. gNB can know whether the received UE capability information was compiled as gNB requested, and this filtering information should be included in both NR SA container and MR-DC container. 
Proposal 2:
As a request of limiting the maximum number of CCs, UE includes the received filters to the UE-MRDC-Capability and UE-NR-Capability so that the received filtering information can be echo-back to the gNB.
We provide the CRs for 38.306 and 38.331 to reflect the above proposals, so it can be helpful to see the real change of ASN.1 and procedure text.
Proposal 3:
Adopt the corresponding CRs for 38.306 and 38.331 regarding the above proposals [2][3].
3. Conclusion
In this contribution, we provide our view on the adaptation of maximum MIMO layers.
Proposal 1: For NR SA, introduce the filtering of capabilities to limit the total number of CCs per UE i.e. UE-CapabilityRequestFilterNR can include these request e.g. maxCarriersRequestedDL/ maxCarriersRequestedUL.
Proposal 2:
As a request of limiting the maximum number of CCs, UE includes the received filters to the UE-MRDC-Capability and UE-NR-Capability so that the received filtering information can be echo-back to the gNB.

Proposal 3:
Adopt the corresponding CRs for 38.306 and 38.331 regarding the above proposals [2][3].
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