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1 Introduction
In RAN2#112, it was discussed whether source/target indication is based on UE capability signalling or inter-node signalling, and the following agreements were made:

· Some support but some companies are not convinced.

· Postponed. Companies are requested to come back next time with concrete proposals with no UE impacts (i.e. only inter-node signalling).

In this paper, we further discuss the necessity of this inter-node signalling, and a candidate solution is provided.

2 Discussion
2.1 The necessity of inter-node signalling
DAPS UE capabilities are indicated per BC, which is same as CA and DC, but it is different from normal handover. In legacy handover, source gNB sends HandoverPreparationInformation message within HANDOVER REQUEST message to target gNB in which sourceConfig is included. So target gNB can get the detailed configuration of UE in source cell with the format of RRCReconfiguration message. For example, target gNB can know source cell’s frequency and band information from the spCellConfigCommon field, i.e. by absoluteFrequencySSB and frequencyBandList. In the meantime, the target cell is selected by source gNB and the Target Cell Global ID is transferred to target gNB in HANDOVER REQUEST message as well. So the target cell’s frequency and band information are known by target gNB too.
Observation 1: target gNB can know the frequency and band information of both source cell and target cell by HANDOVER REQUEST message.

When a DAPS handover is needed, at first source gNB selects a DAPS BC which includes the current source band, and based on it adjusts the source cell’s configuration if needed, then initiates the handover preparation procedure with target gNB. For inter band inter-freq DAPS, source cell and target cell are in different bands, e.g. band1 + band3. Since the interFreqDAPS-r16 UE capability is indicated per BC, it could be indicated in every BC consisting of band1 and band3 if UE supports DAPS between band1 and band3. According to TS 38.101-1, the following CA BCs include band1 and band3:

Table 1: Inter-band CA operating bands including band1+band3 (two bands)

	NR CA Band
	NR Band

(Table 5.2-1)

	CA_n1-n3
	n1, n3


Table 2: Inter-band CA operating bands including band1+band3 (three bands)

	NR CA Band
	NR Band

(Table 5.2-1)

	CA_n1-n3-n7
	n1, n3, n7

	CA_n1-n3-n8
	n1, n3, n8

	CA_n1-n3-n28
	n1, n3, n28

	CA_n1-n3-n41
	n1, n3, n41

	CA_n1-n3-n78
	n1, n3, n78


Table 3: Inter-band CA operating bands including band1+band3 (four bands)
	NR CA Band
	NR Band

(Table 5.2-1)

	CA_n1-n3-n7-n28
	n1, n3, n7, n28

	CA_n1-n3-n7-n78
	n1, n3, n7, n78

	CA_n1-n3-n8-n78
	n1, n3, n8, n78

	CA_n1-n3-n28-n78
	n1, n3, n28, n78


According to current TS 38.101-1, there are ten band combinations in which band1 and band3 are included. Considering it is also possible that UE may even report more than one BC with different FeatureSetCombinations for the same band combinations, as a result there could be more than ten BCs with band1 + band3. If target gNB needs to determine which BC can be used for DAPS handover this time, it has to check every configuration and compare them to the UE capabilities in every BC. From specification point of view, it has not been specified how to determine which BC is used for source cell, and it has to depend on network implementation to speculate.

Observation 2：for inter band inter-freq DAPS, when there are several BCs which all includes the same source band and target band, it’s not clear how target gNB determines which BC is selected by source gNB.
For intra band inter-freq DAPS, it can be contiguous inter-freq or non-contiguous inter-freq DAPS. Taking band CA_n260 as an example, there are many single-band BCs with regard to both contiguous inter-freq and non-contiguous cases according to TS 38.101-2 as below. If UE indicates interFreqDAPS-r16 UE capability in some of or all these BCs for band260, target gNB cannot determine if current DAPS handover should be based on contiguous or non-contiguous UE capabilities only by sourceConfig in HandoverPreparationInformation message.
Table 4: Intra-band contiguous CA operating bands (band260)
	NR CA configuration
	Uplink CA configurations

	CA_n260B
	CA_n260B

	CA_n260C
	CA_n260B

	CA_n260D
	CA_n260D

	CA_n260E
	CA_n260E

	CA_n260F
	CA_n260F

	CA_n260G
	CA_n260G

	CA_n260H
	CA_n260G CA_n260H

	CA_n260I
	CA_n260G

CA_n260H

CA_n260I

	CA_n260J
	CA_n260G

CA_n260H

CA_n260I

CA_n260J

	CA_n260K
	CA_n260G

CA_n260H

CA_n260I

CA_n260K

	CA_n260L
	CA_n260G

CA_n260H 

CA_n260I CA_n260L

	CA_n260M
	CA_n260G

CA_n260H

CA_n260I CA_n260M

	CA_n260O
	CA_n260O

	CA_n260P
	CA_n260P

	CA_n260Q
	CA_n260Q


Table 5: Intra-band non-contiguous CA operating bands (band260)
	NR CA configuration
	Uplink CA configurations

	CA_n260(2G)
	CA_n260G

	CA_n260(2H)
	CA_n260G   CA_n260H

	CA_n260(A-G)
	CA_n260G

	CA_n260(2A-G)
	CA_n260G 

	CA_n260(A-2G)
	CA_n260G 

	CA_n260(2A-2G)
	CA_n260G

	CA_n260(3A-G)
	CA_n260G

	CA_n260(3A-O-P)
	CA_n260O CA_n260P

	CA_n260(A-P-Q)
	CA_n260P CA_n260Q

	CA_n260(A-I)
	CA_n260I

	CA_n260(D-G)
	CA_n260D CA_n260G

	
	

	CA_n260(D-H)
	CA_n260D CA_n260H

	
	

	CA_n260(D-I)
	CA_n260D CA_n260I

	
	

	CA_n260(D-O)
	CA_n260D CA_n260O

	
	

	CA_n260(D-P)
	CA_n260D CA_n260P

	
	

	CA_n260(D-Q)
	CA_n260D CA_n260Q

	
	

	CA_n260(E-O)
	CA_n260E CA_n260O

	
	

	CA_n260(E-P)
	CA_n260E CA_n260P

	
	

	CA_n260(E-Q)
	CA_n260E CA_n260Q

	
	

	CA_n260(G-H)
	CA_n260G

CA_n260H

	CA_n260(G-I)
	CA_n260G CA_n260I

	
	


Observation 3: for intra band inter-freq DAPS, when there are both contiguous and non-contiguous CA cases for one band, target gNB doesn’t know how to determine if current DAPS handover should be based on contiguous or non-contiguous UE capabilities.
For intra-freq DAPS, current intraFreqDAPS-r16 UE capability is indicated in FeatureSetDownlink, and intraFreqDAPS-UL-r16 UE capability is indicated in FeatureSetUplink. According to RAN2’s latest agreement “1: UE can indicate the support of DAPS in a BC with more than 2CCs, and it means UE can support DAPS with every CC pair among them”, every FSperCC can be used by source cell or target cell. But for target gNB, this flexibility introduces extra ambiguity when target gNB selects FSperCC UE capability for target cell. 
For instance, a bandX has two FSperCCs for downlink, FSperCC1’s supportedBandwidthDL is 20MHz and FSperCC2’s supportedBandwidthDL is 80MHz. But this UE has two downlink BWPs configured by source cell, the bandwidth of BWP1 is 20MHz and the bandwidth of BWP2 is 80MHz. This BWP configuration is known by target gNB, but it doesn’t know which BWP is active in source cell at this moment. And the active BWP can be switched by source gNB anytime, e.g. by DCI in source cell. As a consequence if current active BWP is 80MHz, and target gNB also configures a 80MHz BWP and makes it active, the UE cannot support this UE capability combination; or if current active BWP is 20MHz, and target gNB also configures a 20MHz BWP and makes it active, the UE has to experience unnecessarily low data rate based on this UE capability combination.
Since target gNB doesn’t know which BWP is active in source cell, it cannot select an FSperCC properly to make full use of UE capability.

Observation 4: for intra-freq DAPS, target gNB doesn’t know how to determine which FSperCC is used in source cell.
Based on the observations above, although target gNB can get the frequency and band information of both source cell and target cell, it's still not enough to determine which BC or which FSperCC is used in source cell, so it’s not clear how target gNB generates the configuration for target cell even when it has the full UE capability information. Due to lack of sufficient UE capability coordination, the possible consequence could be: 

1. UE cannot support this UE configuration combination, as it exceeds UE capability when a high-demand configuration for target cell is made;
2. UE has to experience unnecessarily low data rate, as current configuration combination doesn’t make full use of UE capability.
Observation 5: without proper inter-node signalling, the DAPS configuration combination may exceeds UE capability or UE has to experience unnecessarily low data rate as current configuration combination doesn’t make full use of UE capability.
Proposal 1: inter-node signalling is introduced for DAPS UE capability coordination.
2.2 Candidate solution
In the email discussion [Post111-e][921][DAPS] DAPS capability structure clarifications [1], two candidate solutions have been discussed in case of inter-node signalling as below.
	Option B: indication in inter-node RRC message.

Option B-1: source gNB provides the candidate UE capabilities to target gNB used for target cell. It is similar to NR-DC, in which allowedBC-ListMRDC and selectedBandEntriesMNList are sent from MN to SN in order to assist SN to select UE capability. For DAPS, furthermore which FsperCC(s) can be used by target should also be sent to target node in addition to current assistance information. Considering UE capability has been sent to target node from source node in HandoverPreparationInformation (inter-node RRC message), i.e. ue-CapabilityRAT-List, in fact option B-1 provides a smaller group of UE capabilities to select for target cell.

Option B-2: source gNB indicates to target gNB which UE capability is used in source. Compared to B-1, it is more straightforward and effective. Source gNB needs to provide the detailed UE capability information used in source, i.e. BandCombinationIndex, BandEntryIndex, FeatureSetEntryIndex, FeatureSetDownlinkPerCC index and FeatureSetUplinkPerCC index. As target node can get the whole UE capability from HandoverPreparationInformation, it allows more freedom for target node to select DAPS UE capability for target cell compared to B-1.


In the first round of discussion, half companies prefer UE capability signalling based solution. As this direction has been excluded, companies are invited to focus on the inter-node signalling based solution. Option B-1 is similar to the UE capability coordination in NR-DC, and a set of UE capabilities are provided to target gNB for further selection. Option B-2 is a straightforward solution, and it also implies target gNB is supposed to follow source gNB’s selection of UE capability within the same BC.

Actually we think there is some overlap between these two candidate solutions, and they can be merged to generate a more suitable solution. As for source cell configuration, there could be several BCs and FSs which match it. It is reasonable to provide an allowed BC list and FS list. But for source band, since there is only one PCell in source side, only one source band should be indicated in one BC. Regarding FSperCC level coordination, it is only needed for intra band contiguous inter-freq and intra-freq DAPS cases, and it is more efficient to only indicate which FSperCC is used in source than to provide an allowed FSperCC list for downlink and uplink respectively.
So the following elements should be indicated to target gNB:

1) Allowed BC list. Target cell configuration is restricted to be selected in one BC of them.

2) Source band. In every allowed BC, only one band is indicated as the source band.

3) Allowed FS list. In every allowed BC, target cell configuration can be selected from one of these feature sets.
4) Downlink FSperCC selected in source cell. In every feature set of source band, only one downlink FSprCC is indicated as source CC. It is only needed when this is intra band contiguous inter-freq and intra-freq DAPS handovers.
5) Uplink FSperCC selected in source cell. In every feature set of source band, only one uplink FSprCC is indicated as source CC. It is only needed when this is intra band contiguous inter-freq and intra-freq DAPS handovers.
Proposal 2: source gNB indicates the following elements to target gNB:

1) Allowed BC list;
2) Source band in every BC;
3) Allowed FS list in every BC;
4) Downlink FSperCC selected in source cell;
5) Uplink FSperCC selected in source cell.
3 Conclusion

In this contribution, we focus on the necessity of inter-node signalling for DAPS UE capability coordination and have the following observations:

Observation 1: target gNB can know the frequency and band information of both source cell and target cell by HANDOVER REQUEST message.

Observation 2：for inter band inter-freq DAPS, when there are several BCs which all includes the same source band and target band, it’s not clear how target gNB determines which BC is selected by source gNB.
Observation 3: for intra band inter-freq DAPS, when there are both contiguous and non-contiguous CA cases for one band, target gNB doesn’t know how to determine if current DAPS handover should be based on contiguous or non-contiguous UE capabilities.
Observation 4: for intra-freq DAPS, target gNB doesn’t know how to determine which FSperCC is used in source cell.
Observation 5: without proper inter-node signalling, the DAPS configuration combination may exceeds UE capability or UE has to experience unnecessarily low data rate as current configuration combination doesn’t make full use of UE capability.
And we propose:

Proposal 1: inter-node signalling is introduced for DAPS UE capability coordination.
Proposal 2: source gNB indicates the following elements to target gNB:

1) Allowed BC list;

2) Source band in every BC;

3) Allowed FS list in every BC;

4) Downlink FSperCC selected in source cell;

5) Uplink FSperCC selected in source cell.
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HandoverPreparationInformation
This message is used to transfer the NR RRC information used by the target gNB during handover preparation or UE context retrieval, e.g. in case of resume or re-establishment, including UE capability information. This message is also used for transferring the information between the CU and DU.

Direction: source gNB/source RAN to target gNB or CU to DU.

HandoverPreparationInformation message

-- ASN1START

-- TAG-HANDOVER-PREPARATION-INFORMATION-START

HandoverPreparationInformation ::=      SEQUENCE {

    criticalExtensions                      CHOICE {

        c1                                      CHOICE{

            handoverPreparationInformation          HandoverPreparationInformation-IEs,

            spare3 NULL, spare2 NULL, spare1 NULL
        },

        criticalExtensionsFuture            SEQUENCE {}

    }

}

HandoverPreparationInformation-IEs ::=  SEQUENCE {

    ue-CapabilityRAT-List                   UE-CapabilityRAT-ContainerList,

    sourceConfig                            AS-Config                                       OPTIONAL, -- Cond HO

    rrm-Config                              RRM-Config                                      OPTIONAL,

    as-Context                              AS-Context                                      OPTIONAL,

    nonCriticalExtension                    SEQUENCE {}                                     OPTIONAL
}

AS-Config ::=                           SEQUENCE {

    rrcReconfiguration                      OCTET STRING (CONTAINING RRCReconfiguration),

    ...,

    [[

    sourceRB-SN-Config                      OCTET STRING (CONTAINING RadioBearerConfig)     OPTIONAL,

    sourceSCG-NR-Config                     OCTET STRING (CONTAINING RRCReconfiguration)    OPTIONAL,

    sourceSCG-EUTRA-Config                  OCTET STRING                                    OPTIONAL
    ]],

    [[

    sourceSCG-Configured                    ENUMERATED {true}                               OPTIONAL
    ]]

}

AS-Context ::=                          SEQUENCE {

    reestablishmentInfo                     ReestablishmentInfo                                 OPTIONAL,

    configRestrictInfo                      ConfigRestrictInfoSCG                               OPTIONAL,

    ...,

    [[  ran-NotificationAreaInfo            RAN-NotificationAreaInfo                            OPTIONAL
    ]],

    [[  ueAssistanceInformation             OCTET STRING (CONTAINING UEAssistanceInformation)   OPTIONAL   -- Cond HO2

    ]],

    [[

    selectedBandCombinationSN               BandCombinationInfoSN                               OPTIONAL
    ]],

    [[

    configRestrictInfoDAPS-r16              ConfigRestrictInfoDAPS-r16                          OPTIONAL,

    sidelinkUEInformationNR-r16             OCTET STRING                                        OPTIONAL,

    sidelinkUEInformationEUTRA-r16          OCTET STRING                                        OPTIONAL,

    ueAssistanceInformationEUTRA-r16        OCTET STRING                                        OPTIONAL,

    ueAssistanceInformationSCG-r16          OCTET STRING (CONTAINING UEAssistanceInformation)   OPTIONAL,   -- Cond HO2

    needForGapsInfoNR-r16                   NeedForGapsInfoNR-r16                               OPTIONAL,
    ]],
    [[

    configRestrictInfoDAPS-v16xy            ConfigRestrictInfoDAPS-v16xy                        OPTIONAL
    ]]
}

ConfigRestrictInfoDAPS-r16 ::=          SEQUENCE {

    powerCoordination-r16                   SEQUENCE {

        p-DAPS-Source-r16                       P-Max,

        p-DAPS-Target-r16                       P-Max,

        uplinkPowerSharingDAPS-Mode-r16          ENUMERATED {semi-static-mode1, semi-static-mode2, dynamic }

    }                                                                                                       OPTIONAL
}
ConfigRestrictInfoDAPS-v16xy ::=    SEQUENCE {
    allowedBC-List                      DAPSBandCombinationInfoList
}
DAPSBandCombinationInfoList ::=     SEQUENCE (SIZE (1..maxBandComb)) OF DAPSBandCombinationInfo

DAPSBandCombinationInfo ::=         SEQUENCE {

    bandCombinationIndex                BandCombinationIndex,
    selectedBandEntrySource             BandEntryIndex,
    allowedFeatureSetsList              SEQUENCE (SIZE (1..maxFeatureSetsPerBand)) OF DAPSFeatureSetInfo
}

DAPSFeatureSetInfo ::=             SEQUENCE {
    featureSetEntryIndex                         FeatureSetEntryIndex,
    selectedFeatureSetPerDownlinkCCSource        FeatureSetPerCCEntryIndex    OPTIONAL,

    selectedFeatureSetPerUplinkCCSource          FeatureSetPerCCEntryIndex    OPTIONAL
}

FeatureSetPerCCEntryIndex ::=       INTEGER (1.. maxNrofServingCells)
ReestablishmentInfo ::=             SEQUENCE {

    sourcePhysCellId                        PhysCellId,

    targetCellShortMAC-I                    ShortMAC-I,

    additionalReestabInfoList               ReestabNCellInfoList                            OPTIONAL
}

ReestabNCellInfoList ::=             SEQUENCE ( SIZE (1..maxCellPrep) ) OF ReestabNCellInfo

ReestabNCellInfo::= SEQUENCE{

    cellIdentity                            CellIdentity,

    key-gNodeB-Star                         BIT STRING (SIZE (256)),

    shortMAC-I                              ShortMAC-I

}

RRM-Config ::=              SEQUENCE {

    ue-InactiveTime             ENUMERATED {

                                    s1, s2, s3, s5, s7, s10, s15, s20,

                                    s25, s30, s40, s50, min1, min1s20, min1s40,

                                    min2, min2s30, min3, min3s30, min4, min5, min6,

                                    min7, min8, min9, min10, min12, min14, min17, min20,

                                    min24, min28, min33, min38, min44, min50, hr1,

                                    hr1min30, hr2, hr2min30, hr3, hr3min30, hr4, hr5, hr6,

                                    hr8, hr10, hr13, hr16, hr20, day1, day1hr12, day2,

                                    day2hr12, day3, day4, day5, day7, day10, day14, day19,

                                    day24, day30, dayMoreThan30}                            OPTIONAL,

    candidateCellInfoList       MeasResultList2NR                                           OPTIONAL,

    ...,

    [[

    candidateCellInfoListSN-EUTRA      MeasResultServFreqListEUTRA-SCG                      OPTIONAL
    ]]

}

-- TAG-HANDOVER-PREPARATION-INFORMATION-STOP

-- ASN1STOP

	HandoverPreparationInformation field descriptions

	as-Context

Local RAN context required by the target gNB or DU.

	rrm-Config

Local RAN context used mainly for RRM purposes.

	sourceConfig

The radio resource configuration as used in the source cell.

	ue-CapabilityRAT-List

The UE radio access related capabilities concerning RATs supported by the UE. A gNB that retrieves MRDC related capability containers ensures that the set of included MRDC containers is consistent w.r.t. the feature set related information.

	ue-InactiveTime

Duration while UE has not received or transmitted any user data. Thus the timer is still running in case e.g., UE measures the neighbour cells for the HO purpose. Value s1 corresponds to 1 second, s2 corresponds to 2 seconds and so on. Value min1 corresponds to 1 minute, value min1s20 corresponds to 1 minute and 20 seconds, value min1s40 corresponds to 1 minute and 40 seconds and so on. Value hr1 corresponds to 1 hour, hr1min30 corresponds to 1 hour and 30 minutes and so on.


	AS-Config field descriptions

	rrcReconfiguration

Contains the RRCReconfiguration configuration as generated entirely by the MN.

	sourceRB-SN-Config

Contains the IE RadioBearerConfig as generated entirely by the SN. This field is only used when the UE is configured with SN terminated RB(s).

	sourceSCG-Configured

Value true indicates that the UE is configured with NR or EUTRA SCG in source configuration. The field is only used in NR-DC and NE-DC and is included only if the fields sourceSCG-NR-Config and sourceSCG-EUTRA-Config are absent.

	sourceSCG-EUTRA-Config

Contains the current dedicated SCG configuration in RRCConnectionReconfiguration message as specified in TS 36.331 [10] and generated entirely by the SN. In this version of the specification, the E-UTRA RRCConnectionReconfiguration message can only include the field scg-Configuration . This field is only used in NE-DC.

	sourceSCG-NR-Config

Contains the current dedicated SCG configuration in RRCReconfiguration message as generated entirely by the SN. In this version of the specification, the RRCReconfiguration message can only include fields secondaryCellGroup and measConfig. This field is only used in NR-DC.


	AS-Context field descriptions

	configRestrictInfoDAPS

Includes fields for which source cell explicitly indicates the restriction to be observed by target cell during DAPS handover.

	needForGapsInfoNR

Includes measurement gap requirement information of the UE for NR target bands.

	selectedBandCombinationSN

Indicates the band combination selected by SN in (NG)EN-DC, NE-DC, and NR-DC.

	sidelinkUEInformationEUTRA

This field includes SidelinkUEInformation IE as specified in TS 36.331 [10].

	sidelinkUEInformationNR

This field includes SidelinkUEInformationNR IE.

	ueAssistanceInformation

Includes for each UE assistance feature the information last reported by the UE, if any.

	ueAssistanceInformationSCG

Includes for each UE assistance feature associated with the SCG, the information last reported by the UE in the NR UEAssistanceInformation message for the SCG, if any.


	RRM-Config field descriptions

	candidateCellInfoList
A list of the best cells on each frequency for which measurement information was available

	candidateCellInfoListSN-EUTRA

A list of EUTRA cells including serving cells and best neighbour cells on each serving frequency, for which measurement results were available. This field is only used in NE-DC. 


	configRestrictInfoDAPS field descriptions

	powerCoordination

Indicates the maximum power and power sharing mode that the UE can use during DAPS handover.

	allowedBC-List

A list of indices referring to band combinations from which target is allowed to select the band. Each entry refers to:

- a band combination numbered according to supportedBandCombinationList in the UE-NR-Capability,
- an index referring to the position of a band entry selected by the source in this band combination,
- and the Feature Sets allowed for each band entry.


	DAPSFeatureSetInfo field descriptions

	featureSetEntryIndex
Indicates an index referring to a position in the FeatureSetCombination, which corresponds to one FeatureSetUplink/Downlink for each band entry in the associated band combination.

	selectedFeatureSetPerUplink/DownlinkCCSource
Indicates an index referring to the position of the FeatureSetUplink/DownlinkPerCC selected by source in the FeatureSetUplink/Downlink of the selected band.


	Conditional Presence
	Explanation

	HO
	The field is mandatory present in case of handover within NR or UE context retrieval, e.g. in case of resume or re-establishment. The field is optionally present in case of handover from E-UTRA/5GC. Otherwise the field is absent.

	HO2
	The field is optionally present in case of handover within NR; otherwise the field is absent.


NOTE 1:
The following table indicates per source RAT whether RAT capabilities are included or not.

	Source RAT
	NR capabilites
	E-UTRA capabilities
	MR-DC capabilities

	NR
	May be included if UE Radio Capability ID as specified in 23.502 [43] is used for the UE. Included otherwise.
	May be included
	May be included

	E-UTRAN
	May be included if UE Radio Capability ID as specified in 23.502 [43] is used for the UE. Included otherwise.
	May be included
	May be included


NOTE 2:
The following table indicates, in case of inter-RAT handover from E-UTRA, which additional IEs are included or not:

	Source system
	sourceConfig
	rrm-Config
	as-Context

	E-UTRA/EPC
	Not included
	May be included
	Not included

	E-UTRA/5GC
	May be included, but only radioBearerConfig is included in the RRCReconfiguration.
	May be included
	Not included


End of change
