3GPP TSG-RAN2 Meeting #107bis
R2-1913743
Chongqing, China, 14th – 18th Oct 2019                                    Revision of R2-1911155
Agenda item:
6.10.6
Title: 
RAN2 impact to support cross-carrier scheduling with different numerologies 
Source: 
Huawei, HiSilicon
Document for:
Discussion and decision
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. 
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. However, 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. Therefore, no extra capability bit for cross-carrier scheduling with different numerologies is needed in Rel-16. 
Observation: The Rel-15 UE capability bit crossCarrierScheduling-OtherSCS indicates that UE supports cross carrier scheduling for the different numerologies with CIF where numerologies for scheduling cell and scheduled cell are different. No more capability bit for cross-carrier scheduling with different numerologies is needed in Rel-16.

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 1: 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).
And regarding how to add HARQ parameters for additional PUCCH than primary PUCCH group, there are also some ways to consider.
· Option 2.1: in PhysicalCellGroupConfig.

· Option 2.2: in PUCCH-config. 

· Option 2.3: in ServingCellConfig.

· Option 2.4: in UplinkConfig.
In our understanding, the above 4 ways for option 2 all work, with its own strengths and drawbacks considering forward compatibility and signalling overhead. For option 2.1, so far the UE can only support at most two PUCCH groups, which means only one set of HARQ parameters is needed for the additional PUCCH group. But for future proof, it’s better that the R16 HARQ parameters are associated to PUCCH group instead of cell group. For option 2.2, in NR the PUCCH is configured per BWP, and the HARQ parameters are likely the same across the multiple BWPs for the same PUCCH cell. Therefore, if the R16 HARQ parameters are included in the PUCCH-config, it will bring duplicated signalling. In R15, there may be two ULs configured in one cell, i.e. normal UL and supplemental UL, and only one UL can configured with PUCCH. The network can move the PUCCH between UL and SUL carrier via RRCReconfiguration with reconfigurationWithSync (for SpCell or PUCCH SCell) or with SCell release and add (for PUCCH SCell). In this case, option 2.3 and option 2.4 are quite similar, both of which can provide the HARQ parameters for the PUCCH SCell. So we have the following proposal.
Proposal 2: To add R16 paraments pdsch-HARQ-ACK-Codebook and harq-ACK-SpatialBundlingPUCCH/harq-ACK-SpatialBundlingPUSCH under IE ServingCellConfig or UplinkConfig for additional PUCCH SCell.
To illustrate the stage 3 spec impact, we provide the TP to TS 38.331 for solution 2.4 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:
Observation: The Rel-15 UE capability bit crossCarrierScheduling-OtherSCS indicates that UE supports cross carrier scheduling for the different numerologies with CIF where numerologies for scheduling cell and scheduled cell are different. No more capability bit for cross-carrier scheduling with different numerologies is needed in Rel-16.

Proposal 1: 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 2: To add R16 paraments pdsch-HARQ-ACK-Codebook and harq-ACK-SpatialBundlingPUCCH/harq-ACK-SpatialBundlingPUSCH under IE ServingCellConfig or UplinkConfig 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.


–
ServingCellConfig
The IE ServingCellConfig is used to configure (add or modify) the UE with a serving cell, which may be the SpCell or an SCell of an MCG or SCG. The parameters herein are mostly UE specific but partly also cell specific (e.g. in additionally configured bandwidth parts). Reconfiguration between a PUCCH and PUCCHless SCell is only supported using an SCell release and add.

ServingCellConfig information element

-- ASN1START

-- TAG-SERVINGCELLCONFIG-START

ServingCellConfig ::=               SEQUENCE {

    tdd-UL-DL-ConfigurationDedicated    TDD-UL-DL-ConfigDedicated                                   OPTIONAL,   -- Cond TDD

    initialDownlinkBWP                  BWP-DownlinkDedicated                                       OPTIONAL,   -- Need M

    downlinkBWP-ToReleaseList           SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                  OPTIONAL,   -- Need N

    downlinkBWP-ToAddModList            SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Downlink            OPTIONAL,   -- Need N

    firstActiveDownlinkBWP-Id           BWP-Id                                                      OPTIONAL,   -- Cond SyncAndCellAdd

    bwp-InactivityTimer                 ENUMERATED {ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30,

                                                    ms40,ms50, ms60, ms80,ms100, ms200,ms300, ms500,

                                                    ms750, ms1280, ms1920, ms2560, spare10, spare9, spare8,

                                                    spare7, spare6, spare5, spare4, spare3, spare2, spare1 }    OPTIONAL,   --Need R

    defaultDownlinkBWP-Id               BWP-Id                                                                  OPTIONAL,   -- Need S

    uplinkConfig                        UplinkConfig                                                            OPTIONAL,   -- Need M

    supplementaryUplink                 UplinkConfig                                                            OPTIONAL,   -- Need M

    pdcch-ServingCellConfig             SetupRelease { PDCCH-ServingCellConfig }                                OPTIONAL,   -- Need M

    pdsch-ServingCellConfig             SetupRelease { PDSCH-ServingCellConfig }                                OPTIONAL,   -- Need M

    csi-MeasConfig                      SetupRelease { CSI-MeasConfig }                                         OPTIONAL,   -- Need M

    sCellDeactivationTimer              ENUMERATED {ms20, ms40, ms80, ms160, ms200, ms240,

                                                    ms320, ms400, ms480, ms520, ms640, ms720,

                                                    ms840, ms1280, spare2,spare1}       OPTIONAL,   -- Cond ServingCellWithoutPUCCH

    crossCarrierSchedulingConfig        CrossCarrierSchedulingConfig                                    OPTIONAL,   -- Need M

    tag-Id                              TAG-Id,

    dummy                               ENUMERATED {enabled}                                            OPTIONAL,   -- Need R

    pathlossReferenceLinking            ENUMERATED {spCell, sCell}                                       OPTIONAL,   -- Cond SCellOnly

    servingCellMO                       MeasObjectId                                                    OPTIONAL,   -- Cond MeasObject

    ...,

    [[

    lte-CRS-ToMatchAround               SetupRelease { RateMatchPatternLTE-CRS }                                OPTIONAL,   -- Need M

    rateMatchPatternToAddModList        SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern       OPTIONAL,   -- Need N

    rateMatchPatternToReleaseList       SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId     OPTIONAL,   -- Need N

    downlinkChannelBW-PerSCS-List       SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier                     OPTIONAL    -- Need S

    ]]
}

UplinkConfig ::=                    SEQUENCE {

    initialUplinkBWP                    BWP-UplinkDedicated                                         OPTIONAL,   -- Need M

    uplinkBWP-ToReleaseList             SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                  OPTIONAL,   -- Need N

    uplinkBWP-ToAddModList              SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Uplink              OPTIONAL,   -- Need N

    firstActiveUplinkBWP-Id             BWP-Id                                                      OPTIONAL,   -- Cond SyncAndCellAdd

    pusch-ServingCellConfig             SetupRelease { PUSCH-ServingCellConfig }                    OPTIONAL,   -- Need M

    carrierSwitching                    SetupRelease { SRS-CarrierSwitching }                       OPTIONAL,   -- Need M

    ...,

    [[

    powerBoostPi2BPSK                   BOOLEAN                                                     OPTIONAL,   -- Need M

    uplinkChannelBW-PerSCS-List         SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier         OPTIONAL    -- Need S

    ]]
    [[

    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
    ]]
}

-- TAG-SERVINGCELLCONFIG-STOP

-- ASN1STOP

	UplinkConfig field descriptions

	carrierSwitching
Includes parameters for configuration of carrier based SRS switching (see TS 38.214 [19], clause 6.2.1.3.

	firstActiveUplinkBWP-Id
If configured for an SpCell, this field contains the ID of the UL BWP to be activated upon performing the RRC (re-)configuration. If the field is absent, the RRC (re-)configuration does not impose a BWP switch.

If configured for an SCell, this field contains the ID of the uplink bandwidth part to be used upon MAC-activation of an SCell. The initial bandwidth part is referred to by BandiwdthPartId = 0.

	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. 

	initialUplinkBWP
The dedicated (UE-specific) configuration for the initial uplink bandwidth-part (i.e. UL BWP#0). If any of the optional IEs are configured within this IE as part of the IE uplinkConfig, the UE considers the BWP#0 to be an RRC configured BWP (from UE capability viewpoint). Otherwise, the UE does not consider the BWP#0 as an RRC configured BWP (from UE capability viewpoint). Network always configures the UE with a value for this field if no other BWPs are configured. NOTE1

	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.

	powerBoostPi2BPSK

If this field is set to true, the UE determines the maximum output power for PUCCH/PUSCH transmissions that use pi/2 BPSK modulation according to TS 38.101-1 [15], clause 6.2.4.

	pusch-ServingCellConfig
PUSCH related parameters that are not BWP-specific.

	uplinkBWP-ToAddModList

The additional bandwidth parts for uplink to be added or modified. In case of TDD uplink- and downlink BWP with the same bandwidthPartId are considered as a BWP pair and must have the same center frequency.

	uplinkBWP-ToReleaseList
The additional bandwidth parts for uplink to be released.

	uplinkChannelBW-PerSCS-List

A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in UplinkConfigCommon / UplinkConfigCommonSIB. Network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 [15] and TS 38.101-2 [39].
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