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1	Introduction
During the RAN2#111-e meeting, the following was noted on the DAPS capability coordination.
	[AT111-e][214][MOB] DAPS UE capability structure for LTE/NR mobility (Huawei)
Scope: 
· Discuss the proposals from contributions R2-2006936, R2-2007610, R2-2007454
	Intended outcome: 
· Discussion summary in R2-2008144 (by email rapporteur).
· NR CRs R2-2008145 in (38.331) and R2-2008146 (38.306)
· LTE CRs R2-2008147 in (36.331) and R2-2008148 (36.306)
· LS to RAN1/4 informing them of RAN2 decisions in R2-2008149 
· Email discussion report treated during the 2nd online session, but session chair may propose intermediate conclusions after summary is available
	Deadline for providing comments and for rapporteur inputs:  
· Deadline for companies' feedback:  Monday 2020-08-24 10:00 UTC 
· Deadline for rapporteur's summary (in R2-2008144):  Tuesday 2020-08-25 12:00 UTC 
· Deadline for CR finalization (for agreed CRs): Thursday 2020-08-27 07:00 UTC 



Furthermore, the following email discussion was agreed.
	[Post111-e][921][DAPS] DAPS capability structure clarifications (Huawei)
	Scope: Discuss whether capability descriptions need changes based on R2-2008145 (this may require changes over what was endorsed in R2-2008146).
	Intended outcome: Email discussion summary + CR (if needed)
	Deadline:  Long



In this discussion paper, we summarize our overall understanding of the DAPS capability structure in NR to ensure a common understanding and interpretation for gNB.



2	DAPS capability structure
In a nutshell, the overall principle of DAPS capability for intra-frequency and inter-frequency DAPS scenarios may be summarized by the following Figure 2-1.  
[image: ]
Figure 2-1: Illustrating the DAPS capability signalling framework agreed in R2#111e
As per the latest CRs, the intra-frequency and inter-frequency DAPS capabilities are illustrated by Figure 2-1. As can be seen:
· Intra-frequency DAPS capability is per band (granularity at Feature Set level) corresponding to a Rel-16 extension in each of DL/UL direction
· Inter-frequency DAPS capability is per band combination
In the next sections we shall analyse the implications of the different agreements mainly to clarify how these are interpreted at the gNB.
3	Ambiguities in DAPS capabilities
3.1	Intra-frequency DAPS capabilities
For the intra-frequency DAPS case the following apply:
· Target selects same frequency as source cell (same CC bandwidth)
· Target selects same frequency as source cell (diff CC bandwidth)
For each case the additional combinations are due to:
· Base capability is intraFreqDAPS-r16
· For DL: intraFreqAsyncDAPS-r16, intraFreqDiffSCS-DAPS-r16
· For UL: intraFreqDynamicPowersharingDAPS-r16, intraFreqMultiUL-TransmissionDAPS-r16, intraFreqSemiStaticPowerSharingDAPS-Mode1-r16, intraFreqSemiStaticPowerSharingDAPS-Mode2-r16, intraFreqTwoTAGs-DAPS-r16
For all the scenarios above recommendation is to have per band capability to capture the above requirements. Intra-frequency capability by definition would be “same band” case.
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Figure 3.1-1: Alternative way of signalling DAPS capabilities without signalling featureSetCombinationDAPS
Firstly, when comparing Figure 3-1 with 2-1, the main difference is that in Figure 3-1 the featureSetCombinationDAPS IE is not signalled. As the ASN.1 structure for FeatureSetDL/FeatureSetUL extends the intra-frequency DAPS capabilities the question immediately comes is if the UE is allowed to signal these capabilities in the legacy FeatureSetDL/FeatureSetUL and not signal featureSetCombinationDAPS IE at all. In that case, would intra-frequency DAPS be possible to be configured to the UE? Based on the RAN2 agreement it is agreed: 
RAN2 Agreement: “define a new featureSetCombinationDAPS to indicate DAPS UE capability, if this field is absent, current featureSetCombination can still be used for DAPS” 
Question 1: If the DAPS capabilities are included in both the legacy featureSetCombination and UE also featureSetCombinationDAPS is included, which interpretation is correct?
· Option 1: gNB can ignore featureSetCombinationDAPS and just configure intra-frequency DAPS based on legacy featureSetCombination (where the DAPS is indicated). 
· Option 2: Since UE reports featureSetCombinationDAPS, then it means gNB must use it in DAPS HO.
· Option 3: gNB can configure DAPS based on either one i.e. legacy featureSetCombination OR featureSetCombinationDAPS
Proposal 1: Clarify how gNB should behave if the intra-frequency DAPS capability is included to both the legacy featureSetCombination and also featureSetCombinationDAPS.
Proposal 2: UE shall signal featureSetCombinationDAPS comprising of at least one FS where intra-frequency DAPS capability is signalled.
Proposal 3: Clarify that gNB shall not use featureSetCombinationDAPS for non-DAPS purpose.
Secondly, it was agreed for DAPS handover:
RAN2 Agreement: “supportedBandwidthDL and supportedBandwidthUL only indicate the supported DL and UL bandwidth of source cell or target cell if featuresetcombinationDAPS is included in a band combination, i.e. a fallback per CC bandwidth is not validated.”
We understand based on the above agreement that the source and target need to use the exact CC property signalled by the UE in the featureSetCombinationDAPS just to align to the UE capabilities correctly.
Proposal 4: Clarify that source and target gNB ensure that the per CC property signalled in featureSetCombinationDAPS is followed.
Thirdly, on the number of component carrier capability that require to be signalled by the UE to ensure consistent DAPS configuration the following were agreed.
RAN2 Agreement: “When intra-freq/inter-freq DAPS UE capability is indicated in a band combination comprising of a single band entry, the number of CCs in this band shall be at least two”.
Proposal 5: Clarify that UE shall not report intra-frequency DAPS capability when intra-freq DAPS UE capability is indicated in a band combination comprising of a non-CA single band entry.
RAN2 Agreement: “for intra-freq DAPS, in a band with two or more than two CCs, the CCs in the band with UL can all be source or target cell”
To understand the implication of the number of CC’s on the DAPS scenarios, a Figure 3-2 is shown below.
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Figure 3.1-2: Component carrier combinations for intra-frequency DAPS signalling
Take an example of the band combination shown in Figure 3-2. It comprises of a band combination with Band 1, 2 up to BandM. In Band 1 there are three CC’s (1/2 with same property and 3 which is wider). Similarly, Band B1 has a non-contiguous CC number 4 followed by Band B2 and BandM with component carrier 1 and 3 respectively. A few questions remain in-spite of the agreements listed above which lead to the following proposals:
Proposal 6: Clarify if gNB is able to configure DAPS in the following scenario: The given band combination comprises of only two non-CA bands where intra-frequency DAPS capability is signalled for only one of the non-CA band(s).
Proposal 7: Clarify if gNB can configure intra-frequency DAPS if there is are at least 2 CC’s across a given band combination comprising two or more unique bands.
Proposal 8: Clarify that gNB can configure intra-frequency DAPS on each of the bands of a band combination with non-contiguous CA (assuming the capability is signalled).
Proposal 9: Clarify that source and target gNB are free to choose the component carrier only based on the capability of the component carriers signalled in the given band combination.
3.2	Inter-frequency DAPS capabilities
The following Figure 3-4 describes inter-frequency DAPS scenarios:  
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Figure 3.2-1: Scenarios for inter-frequency DAPS signalling
From Figure 3.2-1 it is clear that there are lots of possible combinations of CC’s selected between source and target for a given band combination. The inter-frequency capabilities seem to be common across each pair represented in the above table. This may increase potential test combinations but then we can restrict this to be the case for Rel-16 and not enhance further.
Proposal 10: In Rel-16 no further enhancements are required to signal inter-frequency capabilities per component carrier combination within a given band combination.
Proposal 11: Clarify that gNB cannot configure inter-frequency DAPS for a non-CA single band entry in given band combination.
4	Conclusion
In this contribution we have discussed the different aspects of intra-frequency and inter-frequency DAPS capability signalling. We would like to echo the following proposals for discussion:
Intra-frequency DAPS capabilities
Proposal 1: Clarify how gNB should behave if the intra-frequency DAPS capability is included to both the legacy featureSetCombination and also featureSetCombinationDAPS.
Proposal 2: UE shall signal featureSetCombinationDAPS comprising of at least one FS where intra-frequency DAPS capability is signalled.
Proposal 3: Clarify that gNB shall not use featureSetCombinationDAPS for non-DAPS purpose.
Proposal 4: Clarify that source and target gNB ensure that the per CC property signalled in featureSetCombinationDAPS is followed.
Proposal 5: Clarify that UE shall not report intra-frequency DAPS capability when intra-freq DAPS UE capability is indicated in a band combination comprising of a non-CA single band entry.
Proposal 6: Clarify if gNB is able to configure DAPS in the following scenario: The given band combination comprises of only two non-CA bands where intra-frequency DAPS capability is signalled for only one of the non-CA band(s).
Proposal 7: Clarify if gNB can configure intra-frequency DAPS if there is are at least 2 CC’s across a given band combination comprising two or more unique bands.
Proposal 8: Clarify that gNB can configure intra-frequency DAPS on each of the bands of a band combination with non-contiguous CA (assuming the capability is signalled).
Proposal 9: Clarify that source and target gNB are free to choose the component carrier only based on the capability of the component carriers signalled in the given band combination.
Inter-frequency DAPS capabilities
Proposal 10: In Rel-16 no further enhancements are required to signal inter-frequency capabilities per component carrier combination within a given band combination.
Proposal 11: Clarify that gNB cannot configure inter-frequency DAPS for a non-CA single band entry in given band combination.
Proposal 12: Discuss the TP for 38.306 and 38.331 is discussed in section 5 and 6.
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First Modified Subclause
	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-v1610, 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-v15a0, 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 index supported for intra-frequency DAPS handover for the band combination when any DAPS bearer is configured.

	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.



Next Modified Subclause
FeatureSetDownlink-v1610 ::=   SEQUENCE {
    -- R1 22-4e/4f/4g/4h: CBG based reception for DL with unicast PDSCH(s) per slot per CC with UE processing time Capability 1
    cbgPDSCH-ProcessingType1-NumberOfTB-PerSlot    SEQUENCE {
        scs-15kHz        ENUMERATED {one, upto2, upto4, upto7} OPTIONAL,
        scs-30kHz        ENUMERATED {one, upto2, upto4, upto7} OPTIONAL,
        scs-60kHz        ENUMERATED {one, upto2, upto4, upto7} OPTIONAL,
        scs-120kHz       ENUMERATED {one, upto2, upto4, upto7} OPTIONAL
    } OPTIONAL,

    -- R1 22-3e/3f/3g/3h: CBG based reception for DL with unicast PDSCH(s) per slot per CC with UE processing time Capability 2
    cbgPDSCH-ProcessingType2-NumberOfTB-PerSlot    SEQUENCE {
        scs-15kHz        ENUMERATED {one, upto2, upto4, upto7} OPTIONAL,
        scs-30kHz        ENUMERATED {one, upto2, upto4, upto7} OPTIONAL,
        scs-60kHz        ENUMERATED {one, upto2, upto4, upto7} OPTIONAL,
        scs-120kHz       ENUMERATED {one, upto2, upto4, upto7} OPTIONAL
    } OPTIONAL,
    intraFreqDAPS-DL-r16                  SEQUENCE {
        intraFreqDiffSCS-DAPS-r16          ENUMERATED {supported}            OPTIONAL,
        intraFreqAsyncDAPS-r16             ENUMERATED {supported}            OPTIONAL
    }                                                                        OPTIONAL,
    intraBandFreqSeparationDL-v1620    FreqSeparationClassDL-v1620           OPTIONAL,
    intraBandFreqSeparationDL-Only-r16 FreqSeparationClassDL-Only-r16        OPTIONAL,

    -- R1 11-2: Rel-16 PDCCH monitoring capability
    pdcch-Monitoring-r16               SEQUENCE {
        pdsch-ProcessingType1-r16          SEQUENCE {
            scs-15kHz-r16                      PDCCH-MonitoringOccasions-r16 OPTIONAL,
            scs-30kHz-r16                      PDCCH-MonitoringOccasions-r16 OPTIONAL
        }                                                                    OPTIONAL,
        pdsch-ProcessingType2-r16      SEQUENCE {
            scs-15kHz-r16                  PDCCH-MonitoringOccasions-r16     OPTIONAL,
            scs-30kHz-r16                  PDCCH-MonitoringOccasions-r16     OPTIONAL
        }                                                                    OPTIONAL
    }                                                                        OPTIONAL,

    -- R1 11-2b: Mix of Rel. 16 PDCCH monitoring capability and Rel. 15 PDCCH monitoring capability on different carriers
    pdcch-MonitoringMixed-r16          ENUMERATED {supported}                OPTIONAL,

    -- R1 18-5c: Processing up to X unicast DCI scheduling for DL per scheduled CC
    crossCarrierSchedulingProcessing-DiffSCS-r16  SEQUENCE {
        scs-15kHz-120kHz-r16               ENUMERATED {n1,n2,n4}             OPTIONAL,
        scs-15kHz-60kHz-r16                ENUMERATED {n1,n2,n4}             OPTIONAL,
        scs-30kHz-120kHz-r16               ENUMERATED {n1,n2,n4}             OPTIONAL,
        scs-15kHz-30kHz-r16                ENUMERATED {n2}                   OPTIONAL,
        scs-30kHz-60kHz-r16                ENUMERATED {n2}                   OPTIONAL,
        scs-60kHz-120kHz-r16               ENUMERATED {n2}                   OPTIONAL
    }                                                                        OPTIONAL,

    -- R1 16-2b-1: Support of single-DCI based SDM scheme
    singleDCI-SDM-scheme-r16           ENUMERATED {supported}                OPTIONAL
}

Next Modified Subclause
	UE-NR-Capability field descriptions

	featureSetCombinations
A list of FeatureSetCombination:s for supportedBandCombinationList in UE-NR-Capability. The FeatureSetDownlink:s and FeatureSetUplink:s referred to from these FeatureSetCombination:s are defined in the featureSets list in UE-NR-Capability. This list also includes FeatureSetCombination for intra-frequency DAPS referred by the field featureSetCombinationDAPS if included in a given band combination.
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First Modified Subclause

	interFreqDAPS-r16
Indicates whether the UE supports inter-frequency handover, e.g. support of simultaneous DL reception of PDCCH and PDSCH from source and target cell. A UE indicating this capability shall also support synchronous DAPS handover, and single UL transmission for inter-frequency DAPS handover. The capability signalling comprises of the following parameters:

-	interFreqAsyncDAPS-r16 indicates whether the UE supports asynchronous DAPS handover.
-	interFreqDiffSCS-DAPS-r16 indicates whether the UE supports different SCS in source PCell and inter-frequency target PCell in DAPS handover.
-	interFreqMultiUL-TransmissionDAPS-r16 indicates whether the UE supports simultaneous UL transmission in source PCell and target PCell during a DAPS handover. The UE can include this field only if any of semiStaticPowerSharingDAPS-Mode1-r16, semiStaticPowerSharingDAPS-Mode2-r16 or dynamicPowersharingDAPS-r16 are included. Otherwise, the UE does not include this field.
-	interFreqSemiStaticPowerSharingDAPS-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.
-	interFreqSemiStaticPowerSharingDAPS-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 Handover in synchronous scenarios. The UE only includes this field if semiStaticPowerSharingDAPS-Mode1-r16 is included. Otherwise, the UE does not include this field.
-	interFreqDynamicPowersharingDAPS-r16 indicates the value of T offset (short or long) that the UE supports for dynamic UL power sharing during DAPS handover between source and target cells of same FR. The UE only include this field if semiStaticPowerSharingDAPS-Mode1-r16 is included. Otherwise, the UE does not include this field.
-	interFreqUL-TransCancellationDAPS-r16 indicates support of cancelling UL transmission to the source PCell for inter-frequency DAPS handover.

FFS: When this field is included in a band combination with a single band entry 
and a single CC entry (i.e. non-CA band combination), the network may configure 
inter-frequency DAPS to the UE as long as the UE supports CA in any single band 
or in any band combination. 
	BC
	No
	N/A
	N/A


Next Modified Subclause
	intraFreqDAPS-DL-r16
Indicates whether UE supports intra-frequency DAPS handover, e.g. support of simultaneous DL reception of PDCCH and PDSCH from source and target cell. A UE indicating this capability shall also support synchronous DAPS handover, single UL transmission and cancelling UL transmission to the source cell for intra-frequency DAPS handover. The capability signalling comprises of the following parameters:
-	intraFreqAsyncDAPS-r16 indicates whether the UE supports asynchronous DAPS handover.
-	intraFreqDiffSCS-DAPS-r16 indicates whether the UE supports different SCS in source PCell and intra-frequency target PCell in DAPS handover.

The UE shall include intraFreqDAPS-DL-r16 only to the feature set(s) referred by 
the featureSetCombinationDAPS-r16. If this field is not included, the intra-
frequency DAPS cannot be configured for the band corresponding to this feature
set entry. FFS: When this field is included in a band combination with a single 
band entry and a single CC entry (i.e. non-CA band combination), the network may 
configure intra-frequency DAPS to the UE as long as the UE supports CA in any 
single band or in any band combination.
	FS
	No
	N/A
	N/A



Next Modified Subclause

	intraFreqDAPS-UL-r16
Indicates whether UE supports enhanced uplink capabilities for intra-frequency DAPS handover. The UE only includes this capability signalling if intraFreqDAPS-r16 is included in the FeatureSetDownlink for the same FeatureSet. The capability signalling comprises of the following parameters:

-	intraFreqDynamicPowersharingDAPS-r16 indicates the value of T offset (short or long) that the UE supports for dynamic UL power sharing during DAPS handover between source and target cells of same FR. The UE only includes this field if intraFreqSemiStaticPowerSharingDAPS-Mode1-r16 is included. Otherwise, the UE does not include this field.
-	intraFreqMultiUL-TransmissionDAPS-r16 indicates whether the UE supports simultaneous UL transmission in source PCell and target PCell during a DAPS handover. The UE only includes this field if any of intraFreqSemiStaticPowerSharingDAPS-Mode1-r16, intraFreqSemiStaticPowerSharingDAPS-Mode2-r16 or intraFreqDynamicPowersSharingDAPS-r16 are included. Otherwise, the UE does not include this field.
-	intraFreqSemiStaticPowerSharingDAPS-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.
-	intraFreqSemiStaticPowerSharingDAPS-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 Handover in synchronous scenarios. The UE only includes this field if intraFreqSemiStaticPowerSharingDAPS-Mode1-r16 is included. Otherwise, the UE does not include this field.
-	intraFreqTwoTAGs-DAPS-r16 indicates whether the UE supports different timing advance groups in source PCell and intra-frequency target PCell. It is mandatory with capability signalling.

The UE shall include intraFreqDAPS-UL-r16 only to the feature set(s) referred by
the featureSetCombinationDAPS-r16. If this field is not included, the intra-
frequency DAPS cannot be configured for the band corresponding to this feature
set entry. FFS: When this field is included in a band combination with a single 
band entry and a single CC entry (i.e. non-CA band combination), the network may 
configure intra-frequency DAPS to the UE as long as the UE supports CA in any 
single band or in any band combination.
	FS
	No
	N/A
	N/A



Next Modified Subclause

	featureSetCombinationDAPS-r16
Indicates the identifier of a single feature set combination referring to the pool of feature sets that the UE supports for a given band combination when any bearer is configured for intra-frequency DAPS. The UE shall ensure that at least one feature set within the featureSetCombinationDAPS-r16 indicates both intraFreqDAPS-DL-r16 and intraFreqDAPS-UL-r16. If this field is not included, the UE does not support intra-frequency DAPS.

NOTE 1: When this field is included, the network may configure intra-frequency DAPS to the UE as long as the UE supports CA in any single band or in any band combination. The network may not use the capabilities referred to by featureSetCombinationDAPS-r16 for configuring non-DAPS features (e.g. for configuring CA).

NOTE 2: For a band combination comprising of intra-band non-contiguous CC’s, intra-frequency DAPS may be configured as long as at least one of the feature sets for the band indicates both intraFreqDAPS-DL-r16 and intraFreqDAPS-UL-r16.
	BC
	No
	N/A
	N/A



Next Modified Subclause

	featureSetCombinations
Pools of feature sets that the UE supports on the NR or MR-DC band combinations. This also includes the pools of feature sets that the UE supports for intra-frequency DAPS.
	UE
	N/A
	No
	No
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