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1 Introduction
In RAN2#108 meeting, RAN2 made the following agreement for DAPS scenarios.
Agreements for NR

1
DAPS HO for FR2 to FR2 case is not supported in Rel-16.

So we can conclude that DAPS HO for other cases is supported, i.e. between FR1 and FR1, between FR1 and FR2. In this paper we discuss how to accurately indicate UE capability to support these cases. 
2 Discussion

2.1 DAPS HO between FR1 and FR2
In RAN2#110-e meeting, one UE capability issue was raised regarding signalling of NR-DC only band combination [1]. The background is that there are some FR1+FR2 band combinations where the UE supports FR1+FR2 NR-DC while the UE cannot support FR1+FR2 CA. Then RAN2 achieved the following agreement:

	· [021] Half time: RAN2 confirms that the current UE capability signalling allows the UE to declare band combinations where NR-DC is supported, but NR CA is not supported.


The detailed UE capability signalling to support this case is as below [1]:

	1. In the featureSetCombinationDC (for NR-DC), the UE can set FeatureSetUplinkId and FeatureSetDownlinkId for each band to non-zero value, i.e. pointing to a valid feature set.

2. In the featureSetCombination (for CA, mandatory present), the UE can set FeatureSetUplinkId and FeatureSetDownlinkId to 0 for the Band-fr2. This essentially indicates that the UE supports CA band combination with Band-fr1 only.


The similar situation also exists for DAPS HO, i.e. there are some FR1+FR2 band combinations where the UE supports DAPS HO between FR1 and FR2 while the UE cannot support FR1+FR2 CA. Since FR1+FR2 NR-DC is possible, the HO between FR1 and FR2 is possible as well considering the movement of UE. 
In current specification, featureSetCombination is used for both CA and DAPS. So in this case if FeatureSetUplinkId and FeatureSetDownlinkId are set to 0 for the Band-fr2, there is no way to indicate DAPS UE capability in this FR1+FR2 band combination.

Observation 1: for FR1+FR2 band combinations where the UE cannot support FR1+FR2 CA, there is no way to indicate DAPS UE capability in this band combination based on current signalling structure.

To support this case for DAPS, we have two solution candidates on table:
Option 1: define a DAPS only band combination in IE RF-Parameters like what have been done for NE-DC by supportedBandCombinationListNEDC-Only.

Option 2: define a new featureSetCombinationDAPS and still reuse current CA/NR-DC band combination.
With the comparison of these two options, we see option 2 is with less signalling overhead considering in most band combinations UE can support both CA and DAPS HO. So a DAPS specific featuresetcombination is enough to indicate DAPS specific UE capabilities.
Observation 2: through defining a new featureSetCombinationDAPS, UE can support FR1+FR2 band combinations for DAPS HO without supporting FR1+FR2 CA, and with less signalling overhead introduced.
2.2 DAPS HO between FR1 and FR1

Defining a new featureSetCombinationDAPS is not only beneficial to support FR1+FR2 band combinations, but also it allows UE to support different feature sets for DAPS from CA, e.g. between FR1 and FR1.
Currently DAPS needs to reuse the featureSetCombination with CA, it means the UE capability supporting CA are exactly the same with UE capabilities for DAPS. And it also means there is no dedicated UE capability indications for DAPS, even if they are different from CA in fact.

We have two examples to explain the potential UE capability differences between DAPS and CA.

Example 1: uplink MIMO layer

If in bandA + bandB combination, UE can only support oneLayer + oneLayer for uplink MIMO layer for CA. But regarding DAPS HO, at first UE is configured with twoLayers in source cell in bandA, and UE doesn’t support simultaneous uplink transmission. When it receives HO command, it can also configure twoLayers for target cell in bandB. So actually it is twoLayers + twoLayers in bandA + bandB combination. Since UE doesn’t support simultaneous uplink transmission, it depends on Network implementation to coordinate and achieve TDM uplink scheduling, so it is still possible to support twoLayers + twoLayers in bandA + bandB combination.
In this case if there is no featureSetCombinationDAPS, UE cannot indicate this twoLayers + twoLayers MIMO layer capability for bandA + bandB combination. As this will mislead R15 gNB into believing the UE support twoLayers + twoLayers in bandA + bandB combination for CA, but it is actually for DAPS with TDM operation in fact.
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Figure 1a: UE capability for CA                     figure 1b: UE capability for DAPS

Figure 1: uplink MIMO layer difference between CA and DAPS
Example 2: supported bandwidth
In email discussion [AT109e][211][MOB] UE capabilities for DAPS and CHO [2], RAN2 discussed some examples on support of inter/intra-freqDAPS. Regarding intra-frequency DAPS, we have the following two typical capability indications, one is corret and the other one is incorrect. The basic principle here is that if UE supports intra-frequency DAPS, at least two CCs need to be included in CC list within a band, with the agreement “Intra freq DAPS can be supported for bandwidthClass B/C and above UE”.
	Band combination #5

· Band1

· 2CC

· intra-FreqDAPS

· Band2

· 1CC

· Source PCell is 1 CC-band1 and target PCell is 1CC-band1 but with intra-frequency
Band combination #6 (incorrect combination)
· Band1

· 1CC

· intra-FreqDAPS
· Band2

· 1CC


Following this principle, we see no problem happens when UE also support intra-band contiguous CA with these two CCs. But it is still possible that this intra-band contiguous CA with these two CCs cannot be supported. There was also a similar comment from Apple that “Due to the special usage of the BW-class, we think it cannot be interpretate that for such BC the UE support contiguous 2CC CA capability directly” in [2].
One example is as below. If UE supports intra-frequency DAPS with 50MHz for source cell and 50MHz for target cell, it needs to indicate two CCs in featureSetListPerDownlinkCC and featureSetListPerDownlinkCC. But in this way, for a R15 gNB, it will make gNB get the information that the UE supports 50MHz + 50MHz intra-band contiguous CA, but actually UE doesn’t support it.
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Figure 2a: support of intra-frequency DAPS with 50MHz source cell and 50MHz target cell
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Figure 2b: no support of intra-band contiguous CA with 50MHz + 50MHz
Figure 2: difference between supported CA bandwidth and supported DAPS bandwidth 
All in all, we see some drawbacks in sharing the same featureSetCombination with CA for DAPS, as in this way it mixes CA feature sets and DAPS feature sets up and lead to incorrect configuration eventually.

Observation 3: by reusing featureSetCombination for DAPS, it mixes CA feature sets and DAPS feature sets up and lead to incorrect configuration eventually.
Observation 4: through defining a new featureSetCombinationDAPS, it allows UE to support different feature sets for DAPS from CA, and avoid applying CA/DAPS configurations to DAPS/CA mistakenly.
So we propose:
Proposal 1: define a new featureSetCombinationDAPS to indicate DAPS UE capability accurately.
Proposal 2: if this field is absent, current featureSetCombination can still be used for DAPS.

3 Conclusion

This paper discusses how to accurately indicate UE capability for DAPS, and we have the following observations:

Observation 1: for FR1+FR2 band combinations where the UE cannot support FR1+FR2 CA, there is no way to indicate DAPS UE capability in this band combination based on current signalling structure.

Observation 2: through defining a new featureSetCombinationDAPS, UE can support FR1+FR2 band combinations for DAPS HO without supporting FR1+FR2 CA, and with less signalling overhead introduced.
Observation 3: by reusing featureSetCombination for DAPS, it mixes CA feature sets and DAPS feature sets up and lead to incorrect configuration eventually.
Observation 4: through defining a new featureSetCombinationDAPS, it allows UE to support different feature sets for DAPS from CA, and avoid applying CA/DAPS configurations to DAPS/CA mistakenly.
And we propose:

Proposal 1: define a new featureSetCombinationDAPS to indicate DAPS UE capability accurately.
Proposal 2: if this field is absent, current featureSetCombination can still be used for DAPS.
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5 Annex
-------------------------------------------------------------------TP for 38.331-------------------------------------------------------------------------

–
BandCombinationList
The IE BandCombinationList contains a list of NR CA and/or MR-DC band combinations (also including DL only or UL only band).

BandCombinationList information element

-- ASN1START

-- TAG-BANDCOMBINATIONLIST-START

BandCombinationList ::=             SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination

BandCombinationList-v1540 ::=       SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v1540

BandCombinationList-v1550 ::=       SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v1550

BandCombinationList-v1560 ::=       SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v1560

BandCombinationList-v1570 ::=       SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v1570

BandCombinationList-v1580 ::=       SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v1580

BandCombinationList-v1590 ::=       SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v1590

BandCombinationList-v16xy ::=       SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v16xy

BandCombinationList-UplinkTxSwitch-r16 ::= SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-UplinkTxSwitch-r16

BandCombination ::=                 SEQUENCE {

    bandList                            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,

    featureSetCombination               FeatureSetCombinationId,

    ca-ParametersEUTRA                  CA-ParametersEUTRA                          OPTIONAL,

    ca-ParametersNR                     CA-ParametersNR                             OPTIONAL,

    mrdc-Parameters                     MRDC-Parameters                             OPTIONAL,

    supportedBandwidthCombinationSet    BIT STRING (SIZE (1..32))                   OPTIONAL,

    powerClass-v1530                    ENUMERATED {pc2}                            OPTIONAL

}

BandCombination-v1540::=            SEQUENCE {

    bandList-v1540                      SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters-v1540,

    ca-ParametersNR-v1540               CA-ParametersNR-v1540                       OPTIONAL

}

BandCombination-v1550 ::=           SEQUENCE {

    ca-ParametersNR-v1550               CA-ParametersNR-v1550

}

BandCombination-v16xy ::=          SEQUENCE {

    bandList-v16xy                      SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters-v16xy  OPTIONAL,

        ca-ParametersNR-v16xy               CA-ParametersNR-v16xy                  OPTIONAL,

        ca-ParametersNRDC-v16xy             CA-ParametersNRDC-v16xy                OPTIONAL,

        powerClass-v16xy                    ENUMERATED {pc1dot5}                   OPTIONAL,

    featureSetCombinationDAPS               FeatureSetCombinationId                OPTIONAL
}

BandCombination-v1560::=            SEQUENCE {

    ne-DC-BC                                ENUMERATED {supported}                 OPTIONAL,

    ca-ParametersNRDC                       CA-ParametersNRDC                      OPTIONAL,

    ca-ParametersEUTRA-v1560                CA-ParametersEUTRA-v1560               OPTIONAL,

    ca-ParametersNR-v1560                   CA-ParametersNR-v1560                  OPTIONAL

}

BandCombination-v1570 ::=           SEQUENCE {

    ca-ParametersEUTRA-v1570            CA-ParametersEUTRA-v1570

}

BandCombination-v1580 ::=           SEQUENCE {

    mrdc-Parameters-v1580               MRDC-Parameters-v1580

}

BandCombination-v1590::=            SEQUENCE {

    supportedBandwidthCombinationSetIntraENDC  BIT STRING (SIZE (1..32))       OPTIONAL,

    mrdc-Parameters-v1590                      MRDC-Parameters-v1590

}

BandCombination-UplinkTxSwitch-r16 ::= SEQUENCE {

    bandCombination-r16                 BandCombination,

    bandCombination-v1540               BandCombination-v1540                      OPTIONAL,

    bandCombination-v1560               BandCombination-v1560                      OPTIONAL,

    bandCombination-v1570               BandCombination-v1570                      OPTIONAL,

    bandCombination-v1580               BandCombination-v1580                      OPTIONAL,

    bandCombination-v1590               BandCombination-v1590                      OPTIONAL,

    bandCombination-v16xy               BandCombination-v16xy                      OPTIONAL,

    supportedBandPairListNR-r16         SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-r16,

    uplinkTxSwitching-OptionSupport-r16 ENUMERATED {switchedUL, dualUL, both}      OPTIONAL,

    ...

}

ULTxSwitchingBandPair-r16 ::=       SEQUENCE {

    bandIndexUL1-r16                    INTEGER(1..maxSimultaneousBands),

    bandIndexUL2-r16                    INTEGER(1..maxSimultaneousBands),

    uplinkTxSwitchingPeriod-r16         ENUMERATED {n35us, n140us, n210us},

    uplinkTxSwitching-DL-Interruption-r16 BIT STRING (SIZE(1..maxSimultaneousBands)) OPTIONAL

}

BandParameters ::=                      CHOICE {

    eutra                               SEQUENCE {

        bandEUTRA                           FreqBandIndicatorEUTRA,

        ca-BandwidthClassDL-EUTRA           CA-BandwidthClassEUTRA                 OPTIONAL,

        ca-BandwidthClassUL-EUTRA           CA-BandwidthClassEUTRA                 OPTIONAL

    },

    nr                                  SEQUENCE {

        bandNR                              FreqBandIndicatorNR,

        ca-BandwidthClassDL-NR              CA-BandwidthClassNR                    OPTIONAL,

        ca-BandwidthClassUL-NR              CA-BandwidthClassNR                    OPTIONAL

    }

}

BandParameters-v1540 ::=            SEQUENCE {

    srs-CarrierSwitch                   CHOICE {

        nr                                  SEQUENCE {

            srs-SwitchingTimesListNR            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeNR

        },

        eutra                               SEQUENCE {

            srs-SwitchingTimesListEUTRA         SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeEUTRA

        }

    }                                                                              OPTIONAL,

    srs-TxSwitch                    SEQUENCE {

        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},

        txSwitchImpactToRx              INTEGER (1..32)                            OPTIONAL,

        txSwitchWithAnotherBand         INTEGER (1..32)                            OPTIONAL

    }                                                                              OPTIONAL

}

BandParameters-v16xy ::=         SEQUENCE {

    srs-TxSwitch-v16xy               SEQUENCE {

        supportedSRS-TxPortSwitch-v16xy  ENUMERATED {t1r1-t1r2, t1r1-t1r2-t1r4, t1r1-t1r2-t2r2-t2r4, t1r1-t1r2-t2r2-t1r4-t2r4,

                                                         t1r1-t2r2, t1r1-t2r2-t4r4}

    }                                                                              OPTIONAL

    intraFreqDAPS-Parameters-r16      SEQUENCE {

        intraFreqDiffSCS-DAPS-r16                        ENUMERATED {supported}    OPTIONAL,

        intraFreqDAPS-r16                                ENUMERATED {supported}    OPTIONAL,

        intraFreqAsyncDAPS-r16                           ENUMERATED {supported}    OPTIONAL,

        intraFreqMultiUL-TransmissionDAPS-r16            ENUMERATED {supported}    OPTIONAL,

        intraFreqTwoTAGs-DAPS-r16                        ENUMERATED {supported}    OPTIONAL,

        intraFreqSemiStaticPowerSharingDAPS-Mode1-r16    ENUMERATED {supported}    OPTIONAL,

        intraFreqSemiStaticPowerSharingDAPS-Mode2-r16    ENUMERATED {supported}    OPTIONAL,

        intraFreqDynamicPowersharingDAPS-r16             ENUMERATED {short, long}  OPTIONAL

    }                                                                              OPTIONAL

}

-- TAG-BANDCOMBINATIONLIST-STOP

-- ASN1STOP

	BandCombination field descriptions

	BandCombinationList-v1540, BandCombinationList-v1550, BandCombinationList-v1560, BandCombinationList-v1570, BandCombinationList-v1580, BandCombinationList-v1590, BandCombinationList-r16
The UE shall include the same number of entries, and listed in the same order, as in BandCombinationList (without suffix). If the field is included in supportedBandCombinationListNEDC-Only-v16xy, the UE shall include the same number of entries, and listed in the same order, as in BandCombinationList of supportedBandCombinationListNEDC-Only (without suffix) field.

If the field is included in supportedBandCombinationListNEDC-Only-v15xy, the UE shall include the same number of entries, and listed in the same order, as in BandCombinationList (without suffix) of supportedBandCombinationListNEDC-Only (without suffix) field.

	ca-ParametersNRDC

If the field is included for a band combination in the NR capability container, the field indicates support of NR-DC. Otherwise, the field is absent.

	featureSetCombinationDAPS
If this field is present for a band combination, it reports the feature set combination supported for the band combination when any DAPS bearer is configured. If this field is absent for a band combination, the featureSetCombination in BandCombination (without suffix) is applicable to the UE configured with any DAPS bearer for the band combination.

	ne-DC-BC

If the field is included for a band combination in the MR-DC capability container, the field indicates support of NE-DC. Otherwise, the field is absent.

	srs-SwitchingTimesListNR

Indicates, for a particular pair of NR bands, the RF retuning time when switching between a NR carrier corresponding to this band entry and another (PUSCH-less) NR carrier corresponding to the band entry in the order indicated below:

-
For the first NR band, the UE shall include the same number of entries for NR bands as in bandList, i.e. first entry corresponds to first NR band in bandList and so on,

-
For the second NR band, the UE shall include one entry less, i.e. first entry corresponds to the second NR band in bandList and so on

-
And so on

	srs-SwitchingTimesListEUTRA

Indicates, for a particular pair of E-UTRA bands, the RF retuning time when switching between an E-UTRA carrier corresponding to this band entry and another (PUSCH-less) E-UTRA carrier corresponding to the band entry in the order indicated below:

-
For the first E-UTRA band, the UE shall include the same number of entries for E-UTRA bands as in bandList, i.e. first entry corresponds to first E-UTRA band in bandList and so on,

-
For the second E-UTRA band, the UE shall include one entry less, i.e. first entry corresponds to the second E-UTRA band in bandList and so on

 -
And so on

	srs-TxSwitch

Indicates supported SRS antenna switch capability for the associated band. If the UE indicates support of SRS-SwitchingTimeNR, the UE is allowed to set this field for a band with associated FeatureSetUplinkId set to 0 for SRS carrier switching.
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