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1. Introduction
In RAN1 #97 meeting, RAN1 has completed the work on cross-carrier scheduling with different numerologies under the WI for multi-RAT dual connectivity and carrier aggregation enhancement, and hence approved the LS sent to RAN2 in [1], to ask RAN2 to enable configuring the HARQ-ACK codebook type and HARQ-ACK spatial bundling configurations per PUCCH group in Rel-16.  
In this document, based on the RAN1 LS on RRC parameters for cross-carrier scheduling with different numerologies, we discuss the RAN2 impact to enable cross-carrier scheduling with different numerologies in Rel-16. 
This document is revised according to the following agreements on the UE capabilities in RAN1#98bis and on the RRC parameters in R1-1911738.

	Agreements:

At least the following two UE capabilities will be introduced

 Scheduling cell of lower SCS and scheduled cell of higher SCS

 Scheduling cell of higher SCS and scheduled cell of lower SCS
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2. Discussion

In our understanding, the RAN2 spec impacts may lie on two aspects, i.e. UE capability and RRC configuration signalling.  Regarding UE capability, normally when a new feature is introduced, the corresponding UE capability bits may need to be added in RAN2 UE capability spec and RRC spec. This feature of Cross-Carrier scheduling with different numerologies has been discussed since Rel-15, and the corresponding UE capability bit has been introduced and captured in both of TS 38.306 and TS38.331, as crossCarrierScheduling-OtherSCS, configured for UL and DL separately under IE FeatureSetDownlink and FeatureSetUplink. In the last meeting, RAN1 has agreed to introduce two new UE capabilities. Therefore, we think RAN2 can also add these two new capabilities under IE FeatureSetDownlink-v16xx and FeatureSetUplink-v16xx. 
Proposal 1: Introduce two new capabilities crossCarrierScheduling-ScheduledLowerSCS and crossCarrierScheduling-ScheduledHigherSCS in FeatureSetDownlink-v16xx and FeatureSetUplink-v16xx.
Apart from UE capability, as RAN1 LS indicated, another RAN2 impact is to enable configuring the HARQ-ACK codebook type and HARQ-ACK spatial bundling configurations per PUCCH group in Rel-16. While in Rel-15, according to the current RAN2 spec, the HARQ-ACK codebook and HARQ-ACK spatial bundling configuration are configured per cell group, since the configurations are provided by pdsch-HARQ-ACK-Codebook and harq-ACK-SpatialBundlingPUCCH/harq-ACK-SpatialBundlingPUSCH per cell-group in TS 38.331 by PhysicalCellGroupConfig. To enable per PUCCH group config, there are multiple ways to enable per PUCCH group configured pdsch-HARQ-ACK-Codebook and harq-ACK-SpatialBundlingPUCCH/harq-ACK-SpatialBundlingPUSCH as follows.
· Option 1:  To add new pdsch-HARQ-ACK-Codebook and harq-ACK-SpatialBundlingPUCCH/harq-ACK-SpatialBundlingPUSCH paramenters associated to PUCCH group for Rel-16, and mute R15 per cell group HARQ parameters. 

· Option 2: To use R15 per cell group HARQ parameters as the configuration for the primary PUCCH group, and add new parameter for additional PUCCH groups. 
Option 1 aligns with the way used in LTE, however, the handling of R15 parameter is not desirable. While option 2 has better backward compatibility than option 1. So we prefer option 2. 
Proposal 2: To use R15 parameters pdsch-HARQ-ACK-Codebook and harq-ACK-SpatialBundlingPUCCH/harq-ACK-SpatialBundlingPUSCH under IE PhysicalCellGroupConfig as the HARQ configuration for the primary PUCCH group, and add new HARQ parameter for additional PUCCH group.
And regarding how to add HARQ parameters for additional PUCCH than primary PUCCH group, RAN1 has agreed to add these parameters in IE PUCCH-config.
Proposal 3: To add R16 paraments pdsch-HARQ-ACK-Codebook and harq-ACK-SpatialBundlingPUCCH/harq-ACK-SpatialBundlingPUSCH under IE PUCCHConfig for additional PUCCH SCell.
To illustrate the stage 3 spec impact, we provide the TP to TS 38.331 in Annex.
3. Conclusion
Based on the discussion in this paper, to enable cross-carrier scheduling with different numerologies from RAN2 perspective, we have the following observation and proposal:
Proposal 1: Introduce two new capabilities crossCarrierScheduling-ScheduledLowerSCS and crossCarrierScheduling-ScheduledHigherSCS in FeatureSetDownlink-v16xx and FeatureSetUplink-v16xx
Proposal 2: To use R15 parameters pdsch-HARQ-ACK-Codebook and harq-ACK-SpatialBundlingPUCCH/harq-ACK-SpatialBundlingPUSCH under IE PhysicalCellGroupConfig as the HARQ configuration for the primary PUCCH group, and add new HARQ parameter for additional PUCCH group(s).
Proposal 3: To add R16 paraments pdsch-HARQ-ACK-Codebook and harq-ACK-SpatialBundlingPUCCH/harq-ACK-SpatialBundlingPUSCH under IE PUCCHConfig for additional PUCCH SCell.
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5. Annex

TP to TS 38.331
6.3.2
Radio resource control information elements

<Context without change is omitted>
–
PhysicalCellGroupConfig
The IE PhysicalCellGroupConfig is used to configure cell-group specific L1 parameters.

PhysicalCellGroupConfig information element

-- ASN1START

-- TAG-PHYSICALCELLGROUPCONFIG-START

PhysicalCellGroupConfig ::=         SEQUENCE {

    harq-ACK-SpatialBundlingPUCCH       ENUMERATED {true}                                               OPTIONAL,   -- Need S

    harq-ACK-SpatialBundlingPUSCH       ENUMERATED {true}                                               OPTIONAL,   -- Need S

    p-NR-FR1                            P-Max                                                           OPTIONAL,   -- Need R

    pdsch-HARQ-ACK-Codebook             ENUMERATED {semiStatic, dynamic},

    tpc-SRS-RNTI                        RNTI-Value                                                      OPTIONAL,   -- Need R

    tpc-PUCCH-RNTI                      RNTI-Value                                                      OPTIONAL,   -- Need R

    tpc-PUSCH-RNTI                      RNTI-Value                                                      OPTIONAL,   -- Need R

    sp-CSI-RNTI                         RNTI-Value                                                      OPTIONAL,   -- Need R

    cs-RNTI                             SetupRelease { RNTI-Value }                                     OPTIONAL,   -- Need M

    ...,

    [[

    mcs-C-RNTI                          RNTI-Value                                                      OPTIONAL,   -- Need R

    p-UE-FR1                            P-Max                                                           OPTIONAL    -- Cond MCG-Only

    ]],

    [[

    xScale                              ENUMERATED {dB0, dB6, spare2, spare1}                           OPTIONAL    -- Cond SCG-Only

    ]],

    [[

    pdcch-BlindDetection                SetupRelease { PDCCH-BlindDetection }                           OPTIONAL    -- Need M

    ]]

}

PDCCH-BlindDetection ::=                INTEGER (1..15)

-- TAG-PHYSICALCELLGROUPCONFIG-STOP

-- ASN1STOP

	PhysicalCellGroupConfig field descriptions

	cs-RNTI
RNTI value for downlink SPS (see SPS-Config) and uplink configured grant (see ConfiguredGrantConfig).

	harq-ACK-SpatialBundlingPUCCH
Enables spatial bundling of HARQ ACKs. It is configured per cell group (i.e. for all the cells within the cell group) for PUCCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule. When the field is absent, the spatial bundling is disabled (see TS 38.213 [13], clause 9.1.2.1). This parameter is not applicable for PUCCH SCell whose configuration includes harq-ACK-SpatialBundlingPUCCH-r16.

	harq-ACK-SpatialBundlingPUSCH
Enables spatial bundling of HARQ ACKs. It is configured per cell group (i.e. for all the cells within the cell group) for PUSCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule. When the field is absent, the spatial bundling is disabled (see TS 38.213 [13], clauses 9.1.2.2 and 9.1.3.2). This parameter is not applicable for PUCCH SCell whose configuration includes harq-ACK-SpatialBundlingPUSCH-r16.

	mcs-C-RNTI
RNTI to indicate use of qam64LowSE for grant-based transmissions. When the MCS-C-RNTI is configured, RNTI scrambling of DCI CRC is used to choose the corresponding MCS table.

	pdcch-BlindDetection

Indicates the reference number of cells for PDCCH blind detection for the CG. Network configures the field for each CG when the UE is in NR DC and sets the value in accordance with the constraints specified in TS 38.213 [13]. The network configures pdcch-BlindDetection only if the UE is in NR-DC.

	p-NR-FR1
The maximum total transmit power to be used by the UE in this NR cell group across all serving cells in frequency range 1 (FR1). The maximum transmit power that the UE may use may be additionally limited by p-Max (configured in FrequencyInfoUL) and by p-UE-FR1 (configured total for all serving cells operating on FR1).

	p-UE-FR1
The maximum total transmit power to be used by the UE across all serving cells in frequency range 1 (FR1) across all cell groups. The maximum transmit power that the UE may use may be additionally limited by p-Max (configured in FrequencyInfoUL) and by p-NR-FR1 (configured for the cell group).

	pdsch-HARQ-ACK-Codebook
The PDSCH HARQ-ACK codebook is either semi-static or dynamic. This is applicable to both CA and none CA operation (see TS 38.213 [13], clauses 9.1.2 and 9.1.3). This parameter is not applicable for PUCCH SCell whose configuration includes pdsch-HARQ-ACK-Codebook-r16.

	sp-CSI-RNTI

RNTI for Semi-Persistent CSI reporting on PUSCH (see CSI-ReportConfig) (see TS 38.214 [19], clause 5.2.1.5.2). Network always configures the UE with a value for this field when at least one CSI-ReportConfig with reportConfigType set to semiPersistentOnPUSCH is configured.

	tpc-PUCCH-RNTI
RNTI used for PUCCH TPC commands on DCI (see TS 38.213 [13], clause 10.1).

	tpc-PUSCH-RNTI
RNTI used for PUSCH TPC commands on DCI (see TS 38.213 [13], clause 10.1).

	tpc-SRS-RNTI
RNTI used for SRS TPC commands on DCI (see TS 38.213 [13], clause 10.1).

	xScale

The UE is allowed to drop NR only if the power scaling applied to NR results in a difference between scaled and unscaled NR UL of more than xScale dB (see TS 38.101-3 [34]). If the value is not configured for dynamic power sharing, the UE assumes default value of 6 dB. This field is only used in EN-DC.


	Conditional Presence
	Explanation

	MCG-Only
	This field is optionally present, Need R, in the PhysicalCellGroupConfig of the MCG. It is absent otherwise. 

	SCG-Only
	This field is optionally present, Need S, in the PhysicalCellGroupConfig of the SCG in EN-DC as defined in TS 38.101-3 [34]. It is absent otherwise.


–
PUCCH-Config
The IE PUCCH-Config is used to configure UE specific PUCCH parameters (per BWP).

PUCCH-Config information element

-- ASN1START

-- TAG-PUCCH-CONFIG-START

PUCCH-Config ::=                        SEQUENCE {

    resourceSetToAddModList                 SEQUENCE (SIZE (1..maxNrofPUCCH-ResourceSets)) OF PUCCH-ResourceSet   OPTIONAL, -- Need N

    resourceSetToReleaseList                SEQUENCE (SIZE (1..maxNrofPUCCH-ResourceSets)) OF PUCCH-ResourceSetId OPTIONAL, -- Need N

    resourceToAddModList                    SEQUENCE (SIZE (1..maxNrofPUCCH-Resources)) OF PUCCH-Resource         OPTIONAL, -- Need N

    resourceToReleaseList                   SEQUENCE (SIZE (1..maxNrofPUCCH-Resources)) OF PUCCH-ResourceId       OPTIONAL, -- Need N

    format1                                 SetupRelease { PUCCH-FormatConfig }                                   OPTIONAL, -- Need M

    format2                                 SetupRelease { PUCCH-FormatConfig }                                   OPTIONAL, -- Need M

    format3                                 SetupRelease { PUCCH-FormatConfig }                                   OPTIONAL, -- Need M

    format4                                 SetupRelease { PUCCH-FormatConfig }                                   OPTIONAL, -- Need M

    schedulingRequestResourceToAddModList   SEQUENCE (SIZE (1..maxNrofSR-Resources)) OF SchedulingRequestResourceConfig   

                                                                                                                  OPTIONAL, -- Need N

    schedulingRequestResourceToReleaseList  SEQUENCE (SIZE (1..maxNrofSR-Resources)) OF SchedulingRequestResourceId

                                                                                                                  OPTIONAL, -- Need N

    multi-CSI-PUCCH-ResourceList            SEQUENCE (SIZE (1..2)) OF PUCCH-ResourceId                            OPTIONAL, -- Need M

    dl-DataToUL-ACK                         SEQUENCE (SIZE (1..8)) OF INTEGER (0..15)                             OPTIONAL, -- Need M

    spatialRelationInfoToAddModList         SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfo

                                                                                                                  OPTIONAL, -- Need N

    spatialRelationInfoToReleaseList        SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfoId

                                                                                                                  OPTIONAL, -- Need N

    pucch-PowerControl                      PUCCH-PowerControl                                                    OPTIONAL, -- Need M

...,

    [[

    harq-ACK-SpatialBundlingPUCCH-r16  
    ENUMERATED {enabled, disabled}                           OPTIONAL,   -- Need S

    harq-ACK-SpatialBundlingPUSCH-r16  
    ENUMERATED {enabled, disabled}






OPTIONAL,   -- Need S

    pdsch-HARQ-ACK-Codebook-r16           
ENUMERATED {semiStatic, dynamic} 






OPTIONAL,   -- Need S

    ]]

}

PUCCH-FormatConfig ::=                  SEQUENCE {

    interslotFrequencyHopping               ENUMERATED {enabled}                                                  OPTIONAL, -- Need R

    additionalDMRS                          ENUMERATED {true}                                                     OPTIONAL, -- Need R

    maxCodeRate                             PUCCH-MaxCodeRate                                                     OPTIONAL, -- Need R

    nrofSlots                               ENUMERATED {n2,n4,n8}                                                 OPTIONAL, -- Need S

    pi2BPSK                                 ENUMERATED {enabled}                                                  OPTIONAL, -- Need R

    simultaneousHARQ-ACK-CSI                ENUMERATED {true}                                                     OPTIONAL  -- Need R

}

PUCCH-MaxCodeRate ::=                   ENUMERATED {zeroDot08, zeroDot15, zeroDot25, zeroDot35, zeroDot45, zeroDot60, zeroDot80}

-- A set with one or more PUCCH resources

PUCCH-ResourceSet ::=                   SEQUENCE {

    pucch-ResourceSetId                     PUCCH-ResourceSetId,

    resourceList                            SEQUENCE (SIZE (1..maxNrofPUCCH-ResourcesPerSet)) OF PUCCH-ResourceId,

    maxPayloadSize                          INTEGER (4..256)                                                      OPTIONAL  -- Need R

}

PUCCH-ResourceSetId ::=                 INTEGER (0..maxNrofPUCCH-ResourceSets-1)

PUCCH-Resource ::=                      SEQUENCE {

    pucch-ResourceId                        PUCCH-ResourceId,

    startingPRB                             PRB-Id,

    intraSlotFrequencyHopping               ENUMERATED { enabled }                                                OPTIONAL, -- Need R

    secondHopPRB                            PRB-Id                                                                OPTIONAL, -- Need R

    format                                  CHOICE {

        format0                                 PUCCH-format0,

        format1                                 PUCCH-format1,

        format2                                 PUCCH-format2,

        format3                                 PUCCH-format3,

        format4                                 PUCCH-format4

    }

}

PUCCH-ResourceId ::=                    INTEGER (0..maxNrofPUCCH-Resources-1)

PUCCH-format0 ::=                               SEQUENCE {

    initialCyclicShift                              INTEGER(0..11),

    nrofSymbols                                     INTEGER (1..2),

    startingSymbolIndex                             INTEGER(0..13)

}

PUCCH-format1 ::=                               SEQUENCE {

    initialCyclicShift                              INTEGER(0..11),

    nrofSymbols                                     INTEGER (4..14),

    startingSymbolIndex                             INTEGER(0..10),

    timeDomainOCC                                   INTEGER(0..6)

}

PUCCH-format2 ::=                               SEQUENCE {

    nrofPRBs                                        INTEGER (1..16),

    nrofSymbols                                     INTEGER (1..2),

    startingSymbolIndex                             INTEGER(0..13)

}

PUCCH-format3 ::=                               SEQUENCE {

    nrofPRBs                                        INTEGER (1..16),

    nrofSymbols                                     INTEGER (4..14),

    startingSymbolIndex                             INTEGER(0..10)

}

PUCCH-format4 ::=                               SEQUENCE {

    nrofSymbols                                     INTEGER (4..14),

    occ-Length                                      ENUMERATED {n2,n4},

    occ-Index                                       ENUMERATED {n0,n1,n2,n3},

    startingSymbolIndex                             INTEGER(0..10)

}

-- TAG-PUCCH-CONFIG-STOP

-- ASN1STOP

	PUCCH-Config field descriptions

	dl-DataToUL-ACK
List of timing for given PDSCH to the DL ACK (see TS 38.213 [13], clause 9.1.2).

	format1
Parameters that are common for all PUCCH resources of format 1.

	format2
Parameters that are common for all PUCCH resources of format 2.

	format3
Parameters that are common for all PUCCH resources of format 3.

	format4.
Parameters that are common for all PUCCH resources of format 4

	resourceSetToAddModList, resourceSetToReleaseList
Lists for adding and releasing PUCCH resource sets (see TS 38.213 [13], clause 9.2).

	harq-ACK-SpatialBundlingPUCCH
Indicates whether spatial bundling is enabled or not for HARQ ACK(s) transmitted on PUCCH on this serving cell (see TS 38.213 [13], clause 9.1.2.1). When the field is absent, whether spatial bundling is enabled for HARQ ACK(s) transmitted on PUCCH on this serving cell is determined according to the configuration in PhysicalCellGroupConfig.

	harq-ACK-SpatialBundlingPUSCH
Indicates whether spatial bundling is enabled or not for HARQ ACK(s) transmitted on PUSCH on this serving cell (see TS 38.213 [13], clause 9.1.2.1). When the field is absent, whether spatial bundling is enabled for HARQ ACK(s) transmitted on PUSCH on this serving cell is determined according to the configuration in PhysicalCellGroupConfig. 

	pdsch-HARQ-ACK-Codebook
Indicates the PDSCH HARQ-ACK codebook is semi-static or dynamic for HARQ ACK(s) transmitted on this serving cell (see TS 38.213 [13], clause 9.1.2.1). When the field is absent, whether the PDSCH HARQ-ACK codebook is semi-static or dynamic is determined according to the configuration in PhysicalCellGroupConfig.

	resourceToAddModList, resourceToReleaseList
Lists for adding and releasing PUCCH resources applicable for the UL BWP and serving cell in which the PUCCH-Config is defined. The resources defined herein are referred to from other parts of the configuration to determine which resource the UE shall use for which report.

	spatialRelationInfoToAddModList
Configuration of the spatial relation between a reference RS and PUCCH. Reference RS can be SSB/CSI-RS/SRS. If the list has more than one element, MAC-CE selects a single element (see TS 38.321 [3], clause 5.18.8 and TS 38.213 [13], clause 9.2.2).


	PUCCH-format3 field descriptions

	nrofPRBs
The supported values are 1,2,3,4,5,6,8,9,10,12,15 and 16.


	PUCCH-FormatConfig field descriptions

	additionalDMRS
If the field is present, the UE enables 2 DMRS symbols per hop of a PUCCH Format 3 or 4 if both hops are more than X symbols when FH is enabled (X=4). And it enables 4 DMRS symbols for a PUCCH Format 3 or 4 with more than 2X+1 symbols when FH is disabled (X=4). The field is not applicable for format 1 and 2. See TS 38.213 [13], clause 9.2.2.

	interslotFrequencyHopping
If the field is present, the UE enables inter-slot frequency hopping when PUCCH Format 1, 3 or 4 is repeated over multiple slots. For long PUCCH over multiple slots, the intra and inter slot frequency hopping cannot be enabled at the same time for a UE. The field is not applicable for format 2. See TS 38.213 [13], clause 9.2.6.

	maxCodeRate
Max coding rate to determine how to feedback UCI on PUCCH for format 2, 3 or 4. The field is not applicable for format 1. See TS 38.213 [13], clause 9.2.5.

	nrofSlots
Number of slots with the same PUCCH F1, F3 or F4. When the field is absent the UE applies the value n1. The field is not applicable for format 2. See TS 38.213 [13], clause 9.2.6.

	pi2BPSK
If the field is present, the UE uses pi/2 BPSK for UCI symbols instead of QPSK for PUCCH. The field is not applicable for format 1 and 2. See TS 38.213 [13], clause 9.2.5.

	simultaneousHARQ-ACK-CSI
If the field is present, the UE uses simultaneous transmission of CSI and HARQ-ACK feedback with or without SR with PUCCH Format 2, 3 or 4. See TS 38.213 [13], clause 9.2.5. When the field is absent the UE applies the value off. The field is not applicable for format 1.


	PUCCH-Resource field descriptions

	format
Selection of the PUCCH format (format 0 – 4) and format-specific parameters, see TS 38.213 [13], clause 9.2. format0 and format1 are only allowed for a resource in a first PUCCH resource set. format2, format3 and format4 are only allowed for a resource in non-first PUCCH resource set.

	intraSlotFrequencyHopping

Enabling intra-slot frequency hopping, applicable for all types of PUCCH formats. For long PUCCH over multiple slots, the intra and inter slot frequency hopping cannot be enabled at the same time for a UE. See TS 38.213 [13], clause 9.2.1.

	pucch-ResourceId
Identifier of the PUCCH resource.

	secondHopPRB

Index of first PRB after frequency hopping of PUCCH. This value is applicable for intra-slot frequency hopping (see TS 38.213 [13], clause 9.2.1) or inter-slot frequency hopping (see TS 38.213 [13], clause 9.2.6).


	PUCCH-ResourceSet field descriptions

	maxPayloadSize
Maximum number of UCI information bits that the UE may transmit using this PUCCH resource set (see TS 38.213 [13], clause 9.2.1). In a PUCCH occurrence, the UE chooses the first of its PUCCH-ResourceSet which supports the number of bits that the UE wants to transmit. The field is absent in the first set (Set0) and in the last configured set since the UE derives the maximum number of UCI information bits as specified in TS 38.213 [13], clause 9.2.1. This field can take integer values that are multiples of 4.

	resourceList
PUCCH resources of format0 and format1 are only allowed in the first PUCCH resource set, i.e., in a PUCCH-ResourceSet with pucch-ResourceSetId = 0. This set may contain between 1 and 32 resources. PUCCH resources of format2, format3 and format4 are only allowed in a PUCCH-ResourceSet with pucch-ResourceSetId > 0. If present, these sets contain between 1 and 8 resources each. The UE chooses a PUCCH-Resource from this list as specified in TS 38.213 [13], clause 9.2.3. Note that this list contains only a list of resource IDs. The actual resources are configured in PUCCH-Config.
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