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1	Introduction
In this paper we discuss various problems with the current structure of UE capabilities for DAPS and we suggest replacing the capability bits in the BC with a separate structure on per-UE level. Also by that new structure the UE may indicate whether it supports intra-frequency and/or inter-frequency DAPS and, for the latter, among which bands. 
[bookmark: _Ref178064866]2	Discussion
2.1 	Current DAPS capability structure
In version 16.1.0 of 38.331 and 38.306 the UE capabilities for DAPS have been added. Despite the ambition to minimize the number of capability signalling in the band combination list, DAPS parameters were added to the CA-ParametersNR-v1610 (per BC) as well as to the BandParameters-v1610 (per-band-per-BC):
[bookmark: _Hlk47527196]CA-ParametersNR-v1610 ::=           SEQUENCE {

	.....

   daps-Parameters-r16                   SEQUENCE {
        asyncDAPS-r16                           ENUMERATED {supported}                  OPTIONAL,
        interFreqDAPS-r16                       ENUMERATED {supported}                  OPTIONAL,
        interFreqDiffSCS-DAPS-r16               ENUMERATED {supported}                  OPTIONAL,
        multiUL-TransmissionDAPS-r16            ENUMERATED {supported}                  OPTIONAL,
        semiStaticPowerSharingDAPS-Mode1-r16    ENUMERATED {supported}                  OPTIONAL,
        semiStaticPowerSharingDAPS-Mode2-r16    ENUMERATED {supported}                  OPTIONAL,
        dynamicPowersharingDAPS-r16             ENUMERATED {short, long}                OPTIONAL,
        ul-TransCancellationDAPS-r16            ENUMERATED {supported}                  OPTIONAL
    }                                                                                   OPTIONAL,

BandParameters-v1610 ::=         SEQUENCE {

    .....

    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,
[bookmark: _Hlk42073586]        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
}

Besides the significant signalling overhead (more than 2 byte per BC if the UE supports DAPS), it is unclear how the UE sets those bits and how the network is supposed to interpret them. 
In our understanding, the UE does not perform CA or DC while performing the DAPS Handover. Before the DAPS HO the UE releases all SCells and only after the DAPS HO ended, SCells may be used again. Hence, it is not intuitive to add DAPS capability signalling into the list of supportedBandCombinationList. 
[bookmark: _Toc47682176]During the DAPS handover from source PCell to target PCell the UE does not operate any SCells. Hence, it is not intuitive to place DAPS capabilities into the “band combination” structure. 
Maybe the intention was that a UE could support inter-frequency DAPS if it, according to at least one band combination, support the simultaneous configuration of a source PCell and a target PCell. In other words, the BC would not tell the NW whether it may configure a PCell and a set of SCells but rather whether it may configure source and target PCells. 
If this was the intention, it remains unclear which other parameters in the Band Combinations and in the associated Feature Sets the NW must validate. Do the Bandwidth Classes (BWC) matter? Does the UE have to advertise UL BWCs for source and target PCell? Or is this only required if the UE indicates support for multiUL-TransmissionDAPS-r16? Furthermore, we wonder how to set and interpret the inter-frequency DAPS parameters in band combinations with more than two BandParameters. Would the UE then offer DAPS among carriers on any of those bands? Or only among carriers for which it also supports UL? With any of those interpretations it becomes very likely that UEs will not advertise DAPS in those top-level BC and instead signal additional fallback BCs for the bands among it actually supports DAPS. This would significantly increase the signalling overhead and the processing overhead on the NW side. 
While we could imagine that the above might have been the intended interpretation of the inter-frequency DAPS signalling, we fail to see why the intra-frequency DAPS signalling should be conveyed in band combinations. Imagine that a UE supports intra-frequency DAPS on band n1. Then it should provide the same set of intra-frequency DAPS parameters in the BandParameters of all Band Combinations in lists n1 (e.g. CA_n1A_n3A, CA_n1A_n7A; CA_n1A_n5A; CA_n1A_n78A; CA_n1A_n77C; ...). The reason is, as said above, that all SCells are anyway released while the DAPS HO is performed. Hence, the other BandParameters in the BandCombinations should not matter at all. Alternatively, the current structure of the DAPS capabilities should be understood so that the UE must include yet another fallback band combination listing only band n1, wherein it would indicate support for intra-frequency DAPS. Therefore, in this respect, we consider RAN1’s proposal to include intra-frequency DAPS parameters “per Band” a lot more reasonable and intuitive than RAN4’s tentative conclusion to provide these capabilities “[Per FS or Per BC]”.
[bookmark: _Toc47682177]The current specifications nor the draft capability-update CR explain how the UE should set the DAPS capabilities and how the network should interpret them. 
[bookmark: _Toc47682178]Adding the DAPS capabilities to the Band Combination adds substantial overhead and will most likely lead to reporting of many fallback BCs only for the purpose of advertising DAPS. Furthermore, the signalling structure for intra-frequency DAPS will add a lot of redundancy.
2.2	Proposal for DAPS capabilities
For intra-band DAPS we consider it sufficient that the UE may report for each band, whether and how it supports DAPS handover thereon. 
[bookmark: _Toc47682179]The UE may report support for intra-frequency DAPS “per Band”.
For inter-frequency DAPS (which may be intra- or inter-band) the UE should be able to indicate pairs of source and target bands. Hence, the UE could indicate for each “source band” towards which “target bands” it can perform DAPS. For each of those target bands it may provide the DAPS parameters that are currently specified in CA-ParametersNR-v1610-> daps-Parameters-r16. 
[bookmark: _Toc47682180]For each “source band” the UE may report towards which “target bands” it supports inter-frequency DAPS. 
[bookmark: _Toc47682181]For each of the target bands the UE may provide the additional inter-frequency DAPS parameters. 
If the above-mentioned parameters are provided in the BandNR IE, the UE will by default provide them for all bands that the UE supports, i.e., the supportedBandList is not subject to the band-filter that the network sends in the enquiry. Since the inter-frequency DAPS parameters could grow fairly large, it may be advisable that the UE applies the band-filters at least to those lists indicating inter-frequency DAPS capabilities. Alternatively, one could consider a separate “DAPS band list” in the per-UE capabilities. 

2.3	Text Proposal for DAPS Capabilities
In the following we provide a text proposal for 38.331 and 38.306 which is meant to replace all DAPS capabilities shown in which are currently in CA-ParametersNR-v1610 (per BC) and BandParameters-v1610 (per-band-per-BC). The TP is in accordance with the proposals above. 
Furthermore, the TP enforces the capability dependencies which were previously captured only in field descriptions in 38.306 (“UE may only indicate X if it also indicates Y or Z”). The proposed structure (see semiStaticPowerSharing-Mode1-r16) prevents faulty implementation of those rules and hence simplified testing. As can be seen, it also simplifies the field descriptions considerably. 
As can be seen below, the new structure is meant to be added to the BandNR IE. 
[bookmark: _Toc47682182]Agree to re-structure the DAPS capabilities according to the given TP.

BandNR ::=                          SEQUENCE {
    bandNR                              FreqBandIndicatorNR,

.......

    -- Indicates whether and how the UE performs intra- and/or inter-frequency DAPS
    daps-Parameters-v16xy				DAPS-Parameters-v16xy							OPTIONAL,
}

–	DAPS-Parameters
The IE DAPS-Parameters provides the UE capability parameters for Dual-Active-Protocol-Stack (DAPS).
DAPS-Parameters information element
-- ASN1START
-- TAG-DAPS-PARAMETERS-START

DAPS-Parameters-v16xy ::=   SEQUENCE {
    intraFreqDAPS-v16xy         IntraFreqDAPS-v16xy                                     OPTIONAL,
    interFreqDAPS-List-v16xy    SEQUENCE (SIZE (1..maxBands)) OF InterFreqDAPS-v16xy    OPTIONAL
}

IntraFreqDAPS-v16xy ::=     SEQUENCE {
    intraFreqDiffSCS-DAPS-r16               ENUMERATED {supported}                      OPTIONAL,
    asyncDAPS-r16                           ENUMERATED {supported}                      OPTIONAL,
    twoTAGs-r16                             ENUMERATED {supported}                      OPTIONAL,
    semiStaticPowerSharing-Mode1-r16        SEQUENCE {
        semiStaticPowerSharing-Mode2-r16        ENUMERATED {supported}                  OPTIONAL,
        dynamicPowersharing-r16                 ENUMERATED {short, long}                OPTIONAL,
        multiUL-TransmissionDAPS-r16            ENUMERATED {supported}                  OPTIONAL
    }                                                                                   OPTIONAL
}

InterFreqDAPS-v16xy ::=     SEQUENCE {
	targetBand							FreqBandIndicatorNR,
    async-r16                           ENUMERATED {supported}                          OPTIONAL,
    ul-TransCancellation-r16            ENUMERATED {supported}                          OPTIONAL,
    semiStaticPowerSharing-Mode1-r16    SEQUENCE {
        semiStaticPowerSharing-Mode2-r16    ENUMERATED {supported}                      OPTIONAL,
        dynamicPowersharing-r16             ENUMERATED {short, long}                    OPTIONAL,
        multiUL-Transmission-r16            ENUMERATED {supported}                      OPTIONAL,
        diffSCS-r16                         ENUMERATED {supported}                      OPTIONAL
    }                                                                                   OPTIONAL
}

-- TAG-DAPS-PARAMETERS-STOP
-- ASN1STOP

============== Field descriptions for 38.306 ==============
	DAPS-Parameters-v16xy field descriptions

	intraFreqDAPS-v16xy
If present, the UE supports intra-frequency DAPS on a carrier in the BandNR in which this field is provided.

	intraFreqDiffSCS-DAPS-r16
Indicates whether UE supports different SCS in source PCell and intra-frequency target PCell in DPAS handover.



	InterFreqDAPS-v16xy field descriptions

	async-r16
Indicates whether the UE supports asynchronous DAPS handover

	diffSCS
Indicates whether UE supports different SCS in source PCell and inter-frequency target PCell in DPAS handover.

	dynamicPowersharing-r16
Indicates the value of T offset (short or long) for the UE supports dynamic UL power sharing during DAPS handover between source and target cells of same FR. It is only applicable to DAPS HO in synchronous scenarios.

	multiUL-Transmission-r16
Indicates that the UE supports simultaneous UL transmission in source PCell and target PCell.

	targetBand
Target band towards which the UE supports inter-frequency DAPS.

	ul-TransCancellation-r16
Indicates whether the UE supports semi-static UL power sharing mode 1 during DAPS handover between source and target cells of same FR. Indicates support of cancelling UL transmission to the source PCell for inter-frequency DAPS-HO



	IntraFreqDAPS-v16xy field descriptions

	asyncDAPS-r16
Indicates whether the UE supports asynchronous DAPS handover

	dynamicPowersharing-r16
Indicates the value of T offset (short or long) for the UE supports dynamic UL power sharing during DAPS handover between source and target cells of same FR. It is only applicable to DAPS HO in synchronous scenarios.

	interFreqDAPS-List-v16xy
If present, the UE supports inter-frequency DAPS (e.g. support of simultaneous DL reception of PDCCH and PDSCH from source and target cell) from a carrier on the BandNR in which this list is provided towards carriers on the bands in this list.

	multiUL-TransmissionDAPS-r16
Indicates that the UE supports simultaneous UL transmission in source PCell and target PCell.

	semiStaticPowerSharing-Mode1-r16
Indicates whether the UE supports semi-static UL power sharing mode 1 during DAPS handover between source and target cells of same FR

	semiStaticPowerSharing-Mode2-r16
Indicates whether the UE supports semi-static UL power sharing mode 2 during DAPS handover between source and target cells of same FR. It is only applicable to DAPS HO in synchronous scenarios.

	twoTAGs-r16
Indicates whether the UE supports different timing advance groups in source PCell and intra-frequency target PCell. It is mandatory with capability signalling for intraFreqDAPS-r16 capable UE.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	During the DAPS handover from source PCell to target PCell the UE does not operate any SCells. Hence, it is not intuitive to place DAPS capabilities into the “band combination” structure.
Observation 2	The current specifications nor the draft capability-update CR explain how the UE should set the DAPS capabilities and how the network should interpret them.
Observation 3	Adding the DAPS capabilities to the Band Combination adds substantial overhead and will most likely lead to reporting of many fallback BCs only for the purpose of advertising DAPS. Furthermore, the signalling structure for intra-frequency DAPS will add a lot of redundancy.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The UE may report support for intra-frequency DAPS “per Band”.
Proposal 2	For each “source band” the UE may report towards which “target bands” it supports inter-frequency DAPS.
Proposal 3	For each of the target bands the UE may provide the additional inter-frequency DAPS parameters.
Proposal 4	Agree to re-structure the DAPS capabilities according to the given TP.
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