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1. Introduction
In last meeting, our proposal on support of releasing crossCarrierSchedulingConfig has been discussed, and concluded to have further discussion on the exact solution.
In this contribution, we list the potential solutions taking the online comments into account, and discuss the pros and cons, based on which the solution of introducing explicit signaling for release is proposed.
2. Discussion
Basic solutions 
In the current RRC specification, the IE CrossCarrierSchedulingConfig is used to specify the configuration when the cross-carrier scheduling is used in a cell. However, after CrossCarrierSchedulingConfig is configured via the field crossCarrierSchedulingConfig in ServingCellConfig, it cannot be released because the need code is Need M. 
There are two types of cross carrier scheduling (CCS) where the field crossCarrierSchedulingConfig is used, i.e. 
· CCS case 1) PCC scheduling SCC, in which case the field crossCarrierSchedulingConfig is configured on PCell with schedulingCellInfo set to own (i.e. PCell is the scheduling cell); meanwhile this field crossCarrierSchedulingConfig is also configured on SCell(s) with schedulingCellInfo set to other and schedulingCellId set to PCell (i.e. the SCell(s) is the scheduled cell which is scheduled by DCI located on PCell).
· CCS case 2) SCC scheduling PCC, in which case the field crossCarrierSchedulingConfig is configured on a SCell with schedulingCellInfo set to own (i.e. the SCell is the scheduling cell); meanwhile the field crossCarrierSchedulingConfig is also configured on PCell with schedulingCellInfo set to other and schedulingCellId set to SCell (i.e. the PCell is the scheduled cell which is scheduled by DCI located on SCell and additionally PCell). 
For the above two cases, if the UE moves out of coverage of SCell, the SCell is to be release. The issue is how to handle the crossCarrierSchedulingConfig on PCell after SCell is released, i.e. fallback to non-CA case. In the following table, we list several possible solutions taking into account last meeting online comments as well, with some analysis on the potential specification and drawbacks. 
	Solution# 
	Description
	Specification impact
	Drawbacks

	Solution 0 (Alt.1 in R2-2303492)
	full configuration together with reconfiguration with sync
	No
	Data interruption during HO

	Solution 1 (Alt.2 in R2-2303492)
	crossCarrierSchedulingConfig is kept on PCell with schedulingCellInfo set to own
	In RRC specification, clarify that crossCarrierSchedulingConfig can be used in non-CA case. The changes should apply since Rel-15.
In 38.306, add crossCarrierScheduling-SameSCS-r15 as the prerequisite of crossCarrierSchedulingSCell-SpCellTypeB-r17 and crossCarrierSchedulingSCell-SpCellTypeA-r17, to ensure that the UE supports such configuration during fallback from CCS case 2) SCC scheduling PCC to non-CA case. The change should apply since Rel-17.
For details, please see annex 5.2.
	The potential spec change may impact UE implementation and result in inter-operability issue.

	Solution 2
	Introduce a new field to release the field crossCarrierSchedulingConfig
	In RRC specification, add a new field, e.g. crossCarrierSchedulingConfigrRelease-r18
(UE capability part is to be discussed in next clause.)
	No

	Solution 3
	Introduce a new field to replace the old crossCarrierSchedulingConfig using SetRelease structure 
	Similar as solution 2
	For inter-gNB HO, if the target gNB does not comprehend the new field, full configuration must be performed.

	Solution 4
	UE autonomously releases crossCarrierSchedulingConfig on PCell after all SCell(s) is released.
	In RRC specification, clarify that crossCarrierSchedulingConfig should be released autonomously when all SCell(s) is released.

	It may change existing UE behavior, in that case to allow new UE acting the new UE behavior new UE capability and NW indication are required.



Observation 1: Regarding the handling of crossCarrierSchedulingConfig on PCell after all SCells are released, solution 1 and solution 4 have impact on UE implementation and may lead to inter-operability risk, while solution 3 may bring in unnecessary full configuration during HO if the target gNB cannot comprehend the new crossCarrierSchedulingConfig field. Therefore solution 2 is the most clean and safe solution. 
Proposal 1: Adopt solution 2, i.e. add a new field (e.g. crossCarrierSchedulingConfigRelease) in ServingCellConfig which is to explicitly indicate UE to release crossCarrierSchedulingConfig.
UE capabiltiy 
Usually the new features introduced in later releases should be optional with signaling. However, the new UE feature we are discussing is to correct a legacy signaling issue, and the new UE behavior (in all the potential solutions) are limited to RRC processing, thus it should be easy to be implemented. In this case, the capability can be mandatory for the UEs supporting cross carrier scheduling in Rel-18.
Proposal 2: The Rel-18 UEs supporting cross carrier scheduling are mandated to support release of crossCarrierSchedulingConfig.
On the one hand, cross carrier scheduling is useful and important for CA deployment, it would be good to have early implementation of this new feature. On the other hand, although Rel-17 has been frozen, there seems still some open discussion on UE capability part. We think it is also possible to implement this new feature from Rel-17, and a UE supporting such UE capability can report the UE capability.
Proposal 3: The Rel-17 UEs supporting cross carrier scheduling can support release of crossCarrierSchedulingConfig optionally by signal a UE capability.
Proposal 4: If proposal 2 and proposal 3 are agreed, a new UE capability indicating that UE supports release of crossCarrierSchedulingConfig is to be specified as mandatory with signaling. A Rel-17 UE supporting cross carrier scheduling can optionally report the UE capability, and a Rel-18 UE supporting cross carrier scheduling shall report the UE capability.
The draft CRs to implement P1~P4 in TS 38.331 and TS 38.306 are given in R2-2306201 and R2-2306202.
Proposal 5: RAN2 to discuss the CRs to TS 38.331 and TS 38.306 based on R2-2306201 and R2-2306202.
3. Conclusion
For cross carrier scheduling configuration, we have the following observations and proposals. 
Observation 1: Regarding the handling of crossCarrierSchedulingConfig on PCell after all SCells are released, solution 1 and solution 4 have impact on UE implementation and may lead to inter-operability risk, while solution 3 may bring in unnecessary full configuration during HO if the target gNB cannot comprehend the new crossCarrierSchedulingConfig fied. Therefore solution 2 is the most clean and safe solution. 
Proposal 1: Adopt solution 2, i.e. add a new field (e.g. crossCarrierSchedulingConfigRelease) in ServingCellConfig which is to explicitly indicate UE to release crossCarrierSchedulingConfig.
Proposal 2: The Rel-18 UEs supporting cross carrier scheduling are mandated to support release of crossCarrierSchedulingConfig.
Proposal 3: The Rel-17 UEs supporting cross carrier scheduling can support release of crossCarrierSchedulingConfig optionally by signal a UE capability.
Proposal 4: If proposal 2 and proposal 3 are agreed, a new UE capability indicating that UE supports release of crossCarrierSchedulingConfig is to be specified as mandatory with signaling. A Rel-17 UE supporting cross carrier scheduling can optionally report the UE capability, and a Rel-18 UE supporting cross carrier scheduling shall report the UE capability.
Proposal 5: RAN2 to discuss the CRs to TS 38.331 and TS 38.306 based on R2-2306201 and R2-2306202.
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5. Annex
5.1. ASN.1 copied from TS 38.331
–	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 {
<Skipping unrelated parts>
    crossCarrierSchedulingConfig        CrossCarrierSchedulingConfig                                            OPTIONAL,   -- Need M
<Skipping unrelated parts>
}
<Skipping unrelated parts>


-- TAG-SERVINGCELLCONFIG-STOP
-- ASN1STOP

	ChannelAccessConfig field descriptions

	crossCarrierSchedulingConfig
Indicates whether this serving cell is cross-carrier scheduled by another serving cell or whether it cross-carrier schedules another serving cell. If the field other is configured for an SpCell (i.e., the SpCell is cross-carrier scheduled by another serving cell), the SpCell can be additionally scheduled by the PDCCH on the SpCell.



[bookmark: _Toc124713141][bookmark: _Toc60777209]–	CrossCarrierSchedulingConfig
The IE CrossCarrierSchedulingConfig is used to specify the configuration when the cross-carrier scheduling is used in a cell.
CrossCarrierSchedulingConfig information element
-- ASN1START
-- TAG-CROSSCARRIERSCHEDULINGCONFIG-START

CrossCarrierSchedulingConfig ::=        SEQUENCE {
    schedulingCellInfo                      CHOICE {
        own                                     SEQUENCE {                  -- Cross carrier scheduling: scheduling cell
            cif-Presence                            BOOLEAN
        },
        other                                   SEQUENCE {                  -- Cross carrier scheduling: scheduled cell
            schedulingCellId                        ServCellIndex,
            cif-InSchedulingCell                    INTEGER (1..7)
        }
    },
    ...,
    [[
    carrierIndicatorSize-r16            SEQUENCE {
        carrierIndicatorSizeDCI-1-2-r16        INTEGER (0..3),
        carrierIndicatorSizeDCI-0-2-r16        INTEGER (0..3)
    }                                                                                       OPTIONAL,  -- Cond CIF-PRESENCE
    enableDefaultBeamForCCS-r16         ENUMERATED {enabled}                                OPTIONAL  -- Need S
    ]],
    [[
    ccs-BlindDetectionSplit-r17         ENUMERATED {oneSeventh, threeFourteenth, twoSeventh, threeSeventh,
                                            oneHalf, fourSeventh, fiveSeventh, spare1}      OPTIONAL  -- Need R
    ]]
}

-- TAG-CROSSCARRIERSCHEDULINGCONFIG-STOP
-- ASN1STOP

	CrossCarrierSchedulingConfig field descriptions

	carrierIndicatorSizeDCI-0-2, carrierIndicatorSizeDCI-1-2
Configures the number of bits for the field of carrier indicator in PDCCH DCI format 0_2/1_2. The field carrierIndicatorSizeDCI-0-2 refers to DCI format 0_2 and the field carrierIndicatorSizeDCI-1-2 refers to DCI format 1_2, respectively (see TS 38.212 [17], clause 7.3.1 and TS 38.213 [13], clause 10.1).

	ccs-BlindDetectionSplit
Indicates the share of blind detection candidates and non-overlapping CCEs for PDCCH monitoring on an SpCell and an SCell when cross-carrier scheduling is configured from the SCell for the SpCell (see TS 38.213 [13], clause 10.1.1). The network only configures this field when it sets the field other for an SpCell, i.e., when it configures cross-carrier scheduling of the SpCell by a PDCCH on an Scell.

	cif-Presence
The field is used to indicate whether carrier indicator field is present (value true) or not (value false) in PDCCH DCI formats, see TS 38.213 [13]. If cif-Presence is set to true, the CIF value indicating a grant or assignment for this cell is 0.

	cif-InSchedulingCell
The field indicates the CIF value used in the scheduling cell to indicate a grant or assignment applicable for this cell, see TS 38.213 [13]. If configured for an SpCell, the non-fallback DCI formats on the SpCell include same number of CIF bits as the corresponding non-fallback DCI formats on the scheduling cell, and the CIF bits are considered reserved.

	enableDefaultBeamForCCS
This field indicates whether default beam selection for cross-carrier scheduled PDSCH is enabled, see TS 38.214 [19]. If not present, the default beam selection behaviour is not applied, i.e. Rel-15 behaviour is applied. This field can only be configured in the cross-scheduled SCell or SpCell.

	other
Parameters for cross-carrier scheduling. If configured for an SpCell, the SpCell can be scheduled by the PDCCH on another SCell as well as by the PDCCH on the SpCell. If configured for an SCell, the SCell is scheduled by a PDDCH on another cell.

	own
Parameters for self-scheduling, i.e., a serving cell is scheduled by its own PDCCH.

	schedulingCellId
If configured for an SpCell, this field indicates which SCell, in addition to the SpCell, signals the downlink allocations and uplink grants, if applicable, for the concerned SpCell. If configured for an Scell, this field indicates which cell signals the downlink allocations and uplink grants, if applicable, for the concerned SCell. In case the UE is configured with DC, the scheduling cell is part of the same cell group (i.e. MCG or SCG) as the scheduled cell. In case the UE is configured with two PUCCH groups, the scheduling cell and the scheduled cell are within the same PUCCH group. If drx-ConfigSecondaryGroup is configured in the MAC-CellGroupConfig associated with this serving cell, the scheduling cell and the scheduled cell belong to the same Frequency Range. In addition, the serving cell with an aperiodic CSI trigger and the PUSCH resource scheduled for the report are on the same carrier and serving cell, but the cell for which CSI is reported may belong to the same or a different Frequency Range. The network should not trigger a CSI request for a serving cell in the other Frequency Range when that serving cell is outside Active Time.



	Conditional Presence
	Explanation

	CIF-PRESENCE
	The field is mandatory present if the cif-Presence is set to true. The field is absent otherwise.




5.2. potential spec impact based on solution 1
TP to TS38.331

	ServingCellConfig field descriptions

	additionalPCI-ToAddModList
List of information for the additional SSB with different PCI than the serving cell PCI. The additional SSBs with different PCIs are not used for serving cell quality derivation.

	bwp-InactivityTimer
The duration in ms after which the UE falls back to the default Bandwidth Part (see TS 38.321 [3], clause 5.15). When the network releases the timer configuration, the UE stops the timer without switching to the default BWP.

	ca-SlotOffset
Slot offset between the primary cell (PCell/PSCell) and the SCell in unaligned frame boundary with slot alignment and partial SFN alignment inter-band CA. Based on this field, the UE determines the time offset of the SCell as specified in clause 4.5 of TS 38.211 [16]. The granularity of this field is determined by the reference SCS for the slot offset (i.e. the maximum of PCell/PSCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfigCommon or ServingCellConfigCommonSIB and this serving cell's lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfigCommon or ServingCellConfigCommonSIB).
The Network configures at most single non-zero offset duration in ms (independent on SCS) among CCs in the unaligned CA configuration. If the field is absent, the UE applies the value of 0. The slot offset value can only be changed with SCell release and add.

	cbg-TxDiffTBsProcessingType1, cbg-TxDiffTBsProcessingType2
Indicates whether processing types 1 and 2 based CBG based operation is enabled according to Rel-16 UE capabilities.

	channelAccessConfig
List of parameters used for access procedures of operation with shared spectrum channel access (see TS 37.213 [48).

	channelAccessMode2
If present, this field indicates that the UE shall apply channel access procedures for operation with shared spectrum channel access in accordance with TS 37.213 [48], clause 4.4 for FR2-2. If absent, the UE does not apply these channel access procedures. The network always configures this field if channel access procedures are required for the serving cell within this region by regulations.
Overwrites the corresponding field in ServingCellConfigCommon or ServingCellConfigCommonSIB for this serving cell.

	crossCarrierSchedulingConfig
[bookmark: _GoBack]Indicates whether this serving cell is cross-carrier scheduled by another serving cell or whether it cross-carrier schedules another serving cell in case of cross carrier scheduling. If the field other is configured for an SpCell (i.e., the SpCell is cross-carrier scheduled by another serving cell), the SpCell can be additionally scheduled by the PDCCH on the SpCell. If the field is configured for a SpCell without any SCell configured in the cell group, the field schedulingCellinfo is set to own.

	crs-RateMatch-PerCORESETPoolIndex
Indicates how UE performs rate matching when both lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 are configured as specified in TS 38.214 [19], clause 5.1.4.2.



–	CrossCarrierSchedulingConfig
The IE CrossCarrierSchedulingConfig is used to specify the configuration when the cross-carrier scheduling is used in a cell, or used for self-scheduling when only PCell is configured.
CrossCarrierSchedulingConfig information element
-- ASN1START
-- TAG-CROSSCARRIERSCHEDULINGCONFIG-START

CrossCarrierSchedulingConfig ::=        SEQUENCE {
    schedulingCellInfo                      CHOICE {
        own                                     SEQUENCE {                  -- Cross carrier scheduling: scheduling cell
            cif-Presence                            BOOLEAN
        },
        other                                   SEQUENCE {                  -- Cross carrier scheduling: scheduled cell
            schedulingCellId                        ServCellIndex,
            cif-InSchedulingCell                    INTEGER (1..7)
        }
    },
    ...,
    [[
    carrierIndicatorSize-r16            SEQUENCE {
        carrierIndicatorSizeDCI-1-2-r16        INTEGER (0..3),
        carrierIndicatorSizeDCI-0-2-r16        INTEGER (0..3)
    }                                                                                       OPTIONAL,  -- Cond CIF-PRESENCE
    enableDefaultBeamForCCS-r16         ENUMERATED {enabled}                                OPTIONAL  -- Need S
    ]],
    [[
    ccs-BlindDetectionSplit-r17         ENUMERATED {oneSeventh, threeFourteenth, twoSeventh, threeSeventh,
                                            oneHalf, fourSeventh, fiveSeventh, spare1}      OPTIONAL  -- Need R
    ]]
}

-- TAG-CROSSCARRIERSCHEDULINGCONFIG-STOP
-- ASN1STOP

TP to TS38.306
[bookmark: _Toc115386264]4.2.7.4	CA-ParametersNR
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	crossCarrierSchedulingSCell-SpCellTypeB-r17
Indicates whether the UE supports cross-carrier scheduling from SCell configured with cross-carrier scheduling to PCell/PSCell (sSCell) to PCell/PSCell
(Type B). This capability signalling comprises the following parameters:
-	supportedSCS-Combinations-r17 indicates which {PCell/PSCell SCS in kHz, sSCell SCS in kHz} combinations are supported. For {PCell/PSCell SCS in kHz, sSCell SCS in kHz} combinations = {(30,30), (30, 60), (60,60)}, the capability also indicates the band pair(s) that are supported. The band-pair is encoded as a bitmap with size L * (L – 1) / 2, and bit N (leftmost bit is indexed as bit 0) is set to "1" if the UE supports cross-carrier scheduling from SCell toPCell/PSCell for the band pair (x, y), where L is the number of band entries in the band combination, x and y are the indices of the band entry in the band combination (the first band entry is indexed as 0), x < y, and N = x*(2*L – x – 1)/2 + y – x – 1.
-	sSCell USS set(s) (for CCS from sSCell to PCell/PSCell) and search space sets on PCell/PSCell can be configured so that the UE monitors them in overlapping slot of PCell/PSCell and sSCell.
-	Configuration of scaling factor α for BD and CCE limit handling and PDCCH overbooking handling on P(S)Cell
-	The number of unicast DCI limits for PCell/PSCell scheduling
-	Processing K1 unicast DCI scheduling DL on PCell/PSCell per PCell/PSCell slot and its aligned N consecutive sSCell slot(s)
-	Processing K2 unicast DCI scheduling UL on PCell/PSCell per PCell/PSCell slot and its aligned N consecutive sSCell slot(s)
-	N is based on pair of (PCell/PSCell SCS, sSCell SCS): N=1 for (15,15), (30,30), (60,60) and N=2 for (15,30), (30,60) and N=4 for (15, 60)
-	(K1, K2) = {(1,1) for FDD P(S)Cell; (K1, K2) = (1,2) for TDD P(S)Cell}
-	Same numerology between sSCell and P(S)Cell or sSCell SCS is larger than P(S)Cell SCS
-	USS set(s) for DCI format 0_1,1_1 configured on sSCell for CCS from sSCell to PCell/PSCell and USS set(s) for DCI format 0_2,1_2 configured on sSCell for CCS from sSCell to PCell/PSCell if UE supports dci-Format1-2And0-2-r16
-	pdcch-MonitoringOccasion-r17 indicates the PDCCH monitoring occasion(s) on sSCell for cross-carrier scheduling to Pcell/PSCell. There are 2 values {val1, val2} where val1 = within the first 3 OFDM symbols of sSCell slot overlapping with the first 3 OFDM symbols of PCell/PSCell slot and val2 = within the first 3 OFDM symbols of any sSCell slot overlapping with a PCell/PSCell slot
-	Frame boundary alignment between PCell/PSCell and sSCell#

UE supporting this feature shall indicate support of supportedBandCombinationList.  UE supporting this feature shall indicate support of crossCarrierScheduling-SameSCS.
NOTE 1:	A UE supporting this FG does not imply that the UE can be configured with sSCell in shared channel access spectrum.
NOTE 2:	The CCS from sSCell to PCell is applicable to FR1 only but there can be other SCells in FR2 configured for the UE.
	BC
	No
	N/A
	FR1 only

	crossCarrierSchedulingSCell-SpCellTypeA-r17
Indicates whether the UE supports cross-carrier scheduling from SCell configured with cross-carrier scheduling to PCell/PSCell (sSCell) to PCell/PSCell with search space restrictions (Type A). This capability signalling comprises the following parameters:
-	supportedSCS-Combinations-r17 indicates which {PCell/PSCell SCS in kHz, sSCell SCS in kHz} combinations are supported. For {PCell/PSCell SCS in kHz, sSCell SCS in kHz} combinations = {(30,30), (30, 60), (60,60)}, the capability also indicates the band pair(s) that are supported. The band-pair is encoded as a bitmap with size L * (L – 1) / 2, and bit N (leftmost bit is indexed as bit 0) is set to "1" if the UE supports cross-carrier scheduling from SCell toPCell/PSCell for band pair (x, y), where L is the number of band entries in the band combination, x and y are the indices of the band entry in the band combination (the first band entry is indexed as 0), x < y, and N = x*(2*L – x – 1)/2 + y – x – 1.
-	Search space restrictions: sSCell USS set(s) (for CCS from sSCell to PCell/PSCell) and following search space sets on PCell/PSCell can only be configured such that UE does not monitor them in overlapping slot of PCell/PSCell and sSCell:
-	USS sets for DCI formats 0_1,1_1,0_2,1_2.
-	USS sets for DCI formats 0_0,1_0.
-	Type3-CSS set(s) for DCI formats 1_0/0_0 with C-RNTI/CS-RNTI/MCS-C-RNTI.
-	Configuration of scaling factor α for BD and CCE limit handling and PDCCH overbooking handling on P(S)Cell.
-	The number of unicast DCI limits for PCell/PSCell scheduling:
-	Processing K1 unicast DCI scheduling DL on PCell/PSCell per PCell/PSCell slot and its aligned N consecutive sSCell slot(s).
-	Processing K2 unicast DCI scheduling UL on PCell/PSCell per PCell/PSCell slot and its aligned N consecutive sSCell slot(s).
-	N is based on pair of (PCell/PSCell SCS, sSCell SCS): N=1 for (15,15), (30,30), (60,60) and N=2 for (15,30), (30,60) and N=4 for (15, 60).
-	(K1, K2) = {(1,1) for FDD P(S)Cell; (K1, K2) = (1,2) for TDD P(S)Cell}.
-	Same numerology between sSCell and P(S)Cell or sSCell SCS is larger than P(S)Cell SCS.
-	USS set(s) for DCI format 0_1,1_1 configured on sSCell for CCS from sSCell to PCell/PSCell and USS set(s) for DCI format 0_2,1_2 configured on sSCell for CCS from sSCell to PCell/PSCell if UE supports dci-Format1-2And0-2-r16.
-	pdcch-MonitoringOccasion-r17 indicates the PDCCH monitoring occasion(s) on sSCell for cross-carrier scheduling to Pcell/PSCell. There are 2 values {val1, val2} where val1 = within the first 3 OFDM symbols of sSCell slot overlapping with the first 3 OFDM symbols of PCell/PSCell slot and val2 = within the first 3 OFDM symbols of any sSCell slot overlapping with a PCell/PSCell slot.
-	Frame boundary alignment between PCell/PSCell and sSCell.

UE supporting this feature shall indicate support of supportedBandCombinationList. UE supporting this feature shall indicate support of crossCarrierScheduling-SameSCS.
NOTE 1:	A UE supporting this FG does not imply that the UE can be configured with sSCell in shared channel access spectrum.
NOTE 2:	The CCS from sSCell to PCell is applicable to FR1 only but there can be other SCells in FR2 configured for the UE.
	BC
	No
	N/A
	FR1 only



