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1. Introduction
Cross-carrier scheduling for P(S)Cell was introduced with the purpose of improving scheduling capacity for UEs on shared band in Rel-17[1]. Since RAN1#102e, there is much discussion and some agreements have been made. 
In this contribution, we discuss some RAN2 impacts related to cross-carrier scheduling from sSCell to P(S)Cell.
2. Discussion
1. 
2. 
Cross-Carrier Scheduling Configuration
In RAN1#102e, agreements are as follows:
	Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
· self-scheduling on PCell/PSCell is allowed
· cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
· self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
· cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
· cross-carrier scheduling from another serving cell to the ‘SCell used for scheduling PCell/PSCell’ is not allowed
· FFS: Search space and DCI format handling for the allowed cases above
Agreement:
· Configuring 2 or more Scells to schedule the PCell/PSCell is not allowed.


From the above description, P(S)Cell can be jointly scheduled, i.e. self-scheduled and cross-carrier scheduled by sSCell(i.e., scheduling Scell) simultaneously. It is natural to reuse IE CrossCarrierSchedulingConfig that specifies the R15/16 cross-carrier scheduling function with modifications for the sSCell scheduling Pcell purposes. 
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
    ]]
}

-- 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).

	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].

	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.

	other
Parameters for cross-carrier scheduling, i.e., a serving cell is scheduled by a PDCCH on another (scheduling) cell. The network configures this field only for SCells.

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

	schedulingCellId
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.


In R15/R16, PCell is always self-scheduled, which means when PCell is configured with CrossCarrierSchedulingConfig, it can only be configured with CrossCarrierSchedulingConfig setting schedulingCellInfo to ‘own’. This rule is explicit with the highlighted text ‘The network configures this field only for SCells’, ‘...if applicable, for the concerned SCell’. However, this rule is no longer applicable when sSCell scheduling PCell function is configured.As we can see, the field descriptions need to be modified with respect to the newly introduced sSCell scheduling PCell feature. However, directly removing the incompatible scripts would not help with indicating that P(S)Cell can be self-scheduled and cross-carrier-scheduled by sSCell since ‘schedulingCellInfo’ is a CHOICE structure.
Observation 1 Legacy RRC IE CrossCarrierSchedulingConfig cannot indicate that sSCell is able to schedule P(S)Cell. Modifications are needed.
In RAN1, the following agreement was made:
	Agreement
When CCS from sSCell to PCell/PSCell is configured, 
· CIF=0 used for sSCell self-scheduling, and CIF for sSCell to PCell cross-carrier scheduling is explicitly configured using RRC signalling
Working Assumption
· When CIF for sSCell to PCell cross-carrier scheduling is configured, non-fallback DCI formats on P(S)Cell include same number of CIF bits as the corresponding non-fallback DCI formats on sSCell that are used for sSCell to P(S)Cell scheduling


According to the RAN1 discussion, the CIF in the DCI transmitted on the sSCell is used to identify whether this DCI is intended for scheduling PCell or sSCell self-scheduling. Moreover,  a working assumption is made that when sSCell schedules P(S)Cell is configured, DCI on PCell for self-scheduling includes the same number of CIF bits as DCI formats on sSCell. However, it has not been finalized yet whether the CIF field is always present in the DCI trasmitted on P(S)Cell, so hereby we sugguest to further analyze how to indicate P(S)Cell and sSCell depending on the existence of CIF in the P(S)Cell DCI. 
Option1: Configure sSCell scheduling PCell function  by setting ‘schedulingCellInfo’ in CrossCarrierSchedulingConfig for PCell to ‘other’
If CIF in the DCI always exists for sSCell scheduling PCell case,  sSCell scheduling PCell function is configured by setting the value of ‘schedulingCellInfo’ in CrossCarrierSchedulingConfig for PCell to ‘other’.  In this way, we can reuse the legacy IE ‘CrossCarrierSchedulingConfig’ with just modifying the field descriptions.
For example, when ‘schedulingCellInfo’ in CrossCarrierSchedulingConfig for PCell is set to be ‘other’, and the ‘schedulingCellId’ in CrossCarrierSchedulingConfig for PCell is set to be the ID of SCell-1, and cif-inSchedulingCell is set to be a value dedicated for P(S)Cell, e.g. cif-inSchedulingCell=1, it means that SCell-1 is sSCell and PCell can be scheduled by SCell-1. Moreover, when a DCI with CIF=1 is received on SCell-1, UE will interpret it as a grant for PCell transmission/reception. Possible TP is drafted in Annex. 1a. 
Option2: Introducing a new IE  to configure sSCell scheduling PCell function
If CIF in the DCI does not always exist for sSCell scheduling PCell case,  an Rel-17 new RRC IE can be introduced to configure sSCell scheduling PCell, e.g. schedulingCellInfo-r17 with a candidate value as ’own+other’. When schedulingCellInfo-r17=’own+other’ is configured, it means PCell can be self-scheduled and cross-carrier scheduled. Possible TP is drafted in Annex. 1b.
Proposal 1 Discuss the above two options for indicating P(S)Cell supports to be jointly scheduled.
Proposal 2 If Option 1 is agreeable, adopt TP1 in the Annex. 1a.
Proposal 3 If Option 2 is agreeable, adopt TP1 in the Annex. 1b.
RLM and BFR
So far, UE can only perform RLM on P(S)Cell. In the case where sSCell schedules P(S)Cell, monitoring sSCell quality is equally important for the performance of scheduling P(S)Cell. Whether or not to introduce RLM on sSCell or some other mechanism to cope with the problem, in this case, can be left to RAN1.
As for BFR, UE following Rel-16 sends one Scell BFR SR when it finds that one or more Scells are suffering from poor beam quality. When the gNB receives the SR, it only knows that there are some Scells having beam failure problems, but does not know how many SCells and which SCells are experiencing BF until a MAC CE with information of these cells is received afterwards. 
Proposal 4 RLM improvement for the sSCell scheduling P(S)Cell case can be left to RAN1.
Proposal 5 Discuss whether we should distinguish sScell beam failure and normal Scell beam failure for the purpose of improving the performance of sSCell scheduling P(S)Cell.
3. Conclusion
Based on the discussion, we have the following observation and proposals:
Observation 1 Directly removing the incompatible field descriptions in legacy RRC IE CrossCarrierSchedulingConfig cannot accomodate the new feature where sSCell schedules P(S)Cell.
Proposal 1 Discuss the above two options for indicating P(S)Cell supports to be jointly scheduled.
Proposal 2 If Option1 is agreeable, adopt TP1 in the Annex.
Proposal 3 If Option2 is agreeable, adopt TP2 in the Annex.
Proposal 4 RLM improvement for the sSCell scheduling P(S)Cell case can be left to RAN1.
Proposal 5 Discuss whether we should distinguish sScell beam failure and normal Scell beam failure for the purpose of improving the performance of sSCell scheduling P(S)Cell.
4. Annex
3. 
4. 
TP1 for option1
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
    ]]
}

-- 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).

	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].

	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.

	other
Parameters for cross-carrier scheduling, i.e., a serving cell is scheduled by a PDCCH on another (scheduling) cell. When the scheduled serving cell is P(S)Cell, it means P(S)Cell supports to be scheduled by its own PDCCH  and by sSCell’s PDCCH simultaneously.The network configures this field only for SCells.

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

	schedulingCellId
Indicates which cell signals the downlink allocations and uplink grants, if applicable, for the concerned SCell or P(S)Cell. 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.


TP2 for option2
CrossCarrierSchedulingConfig information element
-- ASN1START
-- TAG-CROSSCARRIERSCHEDULINGCONFIG-START

CrossCarrierSchedulingConfig ::=        SEQUENCE {
[bookmark: _Hlk85729727]    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
]],
[[
	schedulingCellInfo-r17                  SEQUENCE {
        own                                     SEQUENCE {                  -- Cross carrier scheduling: scheduling cell
            cif-Presence                            BOOLEAN
        },
        other                                   SEQUENCE {                  -- Cross carrier scheduling: scheduled cell
            schedulingCellId                        ServCellIndex,
            cif-InSchedulingCell                    INTEGER (1..7)
        }
}
]]
}

-- 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).

	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].

	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.

	other
Parameters for cross-carrier scheduling, i.e., a serving cell is scheduled by a PDCCH on another (scheduling) cell. The network configures this field only for SCells.

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

	schedulingCellId
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.

	schedulingCellInfo, schedulingCellInfo-r17
The field is used to indicate how the concerned cell is scheduled and the parameters for scheduling. For schedulingCellInfo, the CHOICE conveys that the concerned cell is either scheduled by its own PDCCH or scheduled by a PDCCH on another (scheduling) cell. For schedulingCellInfo-r17, the network configures this field only for P(S)Cell, which indicate that the P(S)Cell can be scheduled by its own PDCCH and scheduled by a PDCCH on sSCell. The network configures only one of the fields.
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