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At RAN1#102 e-meeting, cross carrier scheduling from Scell to Pcell was preliminarily discussed.  The following agreements were achieved:
Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
0. self-scheduling on PCell/PSCell is allowed
0. cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
0. self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
0. cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
0. 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
Agreements:
· Configuring 2 or more Scells to schedule the PCell/PSCell is not allowed
In this contribution, we provide our views on the relevant issues of PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell.
Discussion
Scheduling restriction for cross-carrier scheduling
Currently, gNB can only configure a P(s)Cell as scheduling cell once cross carrier scheduling is configured via higher layer parameter CrossCarrierSchedulingConfig, which is included in a root IE ServingCellConfig.  In the other words, only self-scheduling is available for P(s)Cell. The IE structure of CrossCarrierSchedulingConfig is shown below.

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)
        }
    },
    ...
}

	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.



There is a configuring restriction that the field ‘other’ can only be configured for a secondary cell. In the other words, there is no way to schedule a P(s)Cell through a DCI transmitted on the SCell. From the perspective of configuration, the only thing needed to be fixed is to remove the restriction that ‘other’ can only be applied to SCells. It should be noted that the above configuration can only be applied to USS. 

Proposal 1: The restriction on ‘other’ included in CrossCarrierSchedulingConfig, i.e. ‘the network configures this field only for SCells’, should be removed.

Scheduling functionality for cross-carrier scheduling from SCell to PCell
As mentioned above, the cross-carrier scheduling from SCell to P(s)Cell can be easily realized by removing the restriction that P(s)Cell cannot be a scheduled cell. From the RAN1 perspective, the following functionality is already supported for the cross-carrier scheduling from P(s)Cell/SCell to SCell:
· UE monitors UE-specific search space only on the scheduling cell
· Both PDSCH and PUSCH can be scheduled on the scheduled cell from a DCI transmitted on the scheduling cell
· Mixed numerology on scheduling cell and scheduled cell
· Type0/0A/1/2-PDCCH CSS set can only be configured on the primary cell 
· Total BD/non-overlapping CCE calculation
· UE capability reporting for carrier aggregation
· Hash function determination for cross-carrier scheduling
From our perspective, we think there is no impact on the above functionality or procedure if the P(s)Cell is scheduled by a SCell. 

Observation: There is no RAN1 impact on cross-carrier scheduling functionality if the P(s)Cell is scheduled by SCell.

Furthermore, if multi-cell PDSCH scheduling (multiple PDSCHs on multiple cells) via a single DCI is supported, the scheduled cells can be any combination of the configured serving cells. The target cells can either include the scheduling cell or any two cells except the scheduling cell. It will be friendly to flexibility and the migration from LTE to NR. 


Figure1: Illustration of cross-carrier scheduling from SCell to PCell

Proposal 2: The multi-cell scheduled via a single DCI can either include the scheduling cell or not.

Common search space maintained on the P(s)Cell
Generally speaking, all the defined search space sets can be categorized into three types, i.e. common search space, group common search space and UE-specific search space.  The common search space sets can only be configured on the P(s)Cell and schedule all the UEs staying in the same cell. The detail difference among different search space types can be summarized in Table 1 as shown below.
Table 1: Summary for different type of search space sets
	Search space set type
	Staying cell
	Traffic type

	Type0-PDCCH common search space set
	Primary cell of the MCG
	DCI format with CRC scrambled by a SI-RNTI; DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI

	Type0A-PDCCH common search space set
	Primary cell of the MCG
	DCI format with CRC scrambled by a SI-RNTI; DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI

	Type1-PDCCH common search space set
	Primary cell of MCG and SCG
	DCI format with CRC scrambled by a SI-RNTI; DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI

	Type2-PDCCH common search space set
	Primary cell of the MCG
	DCI format with CRC scrambled by a SI-RNTI; DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI

	Type3-PDCCH common search space set
	No restrictions
	DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, or TPC-SRS-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, or CS-RNTI(s)

	UE-specific search space set
	No restrictions
	DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, or CS-RNTI(s)



As agreed in the last meeting, when cross-carrier scheduling from a SCell to PCell/PSCell is configured, self-scheduling on PCell/PSCell is allowed. Hence further clarification on what search space type and DCI formats can be transmitted on the scheduled PCell/PSCell is needed.  
· Whether a UE still monitors common search spaces on the P(s)Cell if the P(s)Cell  is scheduled by a DCI transmitted on the SCell?
The key point is whether a UE monitors the common search spaces configured on the P(s)Cell which is not the scheduling cell. It is actually pretty similar to the case where cross-carrier scheduling from SCell to SCell is configured. The scheduling cell is a SCell without Type0/0A/1/2 common search space sets configuration on it. UE has to monitor them on the P(s)Cell. We don’t identify any problems with reusing the same solutions if the P(s)Cell is configured as a scheduled cell.
· Whether the DCI formats with CRC scrambled by C-RNTI, MCS -C-RNTI, SP-CSI-RNTI, or CS-RNTI(s) can still be monitored in the common search spaces on the P(s)Cell if the UE is scheduled by a DCI transmitted on the SCell?
· Whether the non-fallback DCI formats associated with USS scheduling another serving cell can still be configured on the scheduled PCell?
In the current specification, the following behavior on unicast DCI monitoring in CSS is captured.
	< --for type 0/0A/1/2-PDCCH common search space sets-->
If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and 
-	a C-RNTI, an MCS-C-RNTI, or a CS-RNTI, 
the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI.
< --for type 3-PDCCH common search space sets-->
a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, or TPC-SRS-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, or CS-RNTI(s), and



UE can monitor DCI formats with CRC scrambled by C-RNTI, an MCS-C-RNTI, or a CS-RNTI in Type0/0A/1/2 common search space sets if the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI. It should be noticed that the text in specification is general and can be applied to any case where the Type0/0A/1/2 common search spaces sets are configured. Considering a unified DCI payload size can be guaranteed for the fallback DCIs in a CSS, there are no additional efforts to monitor a fallback DCI with CRC scrambled by unicast RNTI value. The same behavior should be maintained in the case where cross-carrier scheduling from SCell to P(s)Cell is supported.
For Type3-PDCCH CSS set, gNB can freely configure the DCI formats need to be monitored on the P(s)Cell. We do not see the motivation to abandon the configuration flexibility for cross-carrier scheduling from SCell to P(s)Cell.

Proposal 3: DCI format 0_0 and DCI format 1_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI(s) can be monitored in the common search space sets on the scheduled P(s)Cell.

Another question is whether we need to step forward with allowing USS configuration on the scheduled P(s)Cell. From our perspective, it is totally against the motivation of introducing cross-carrier scheduling from SCell to PCell. It is well-known that the PDCCH overhead would be a critical issue on the sharing carrier so that the touchable PDCCH, i.e. the USS not necessarily be configured on the P(s)Cell, should be configured on the SCell. If self-scheduling can be indicated by the non-fallback DCIs transmitted in the USS on the P(s)Cell, it would be meaningless to further configure other USS on the SCell. The situation is again quite similar to the current cross-carrier scheduling case, i.e. only one scheduling cell to a scheduled cell is sufficient.  Furthermore, as mentioned in the previous section, a serving cell can only be configured as scheduling cell or scheduled cell, i.e. the schedulingCellinfo can only be either ‘own’ or ‘other’, it would totally change the framework of cross-carrier configuration if the non-fallback DCI formats associated with USS are configured on the scheduled cell.

Proposal 4: USS associated with either fallback DCI formats or non-fallback DCI formats cannot be configured on the P(s)Cell if it is cross-carrier scheduled by a SCell.

Conclusion
This contribution discusses possible PDCCH monitoring reduction solutions and raises some issues related to capability reduction and bandwidth reduction. We have the following observation and proposals:
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Observation: There is no RAN1 impact on cross-carrier scheduling functionality if the P(s)Cell is scheduled by SCell.

Proposal 1: The restriction on ‘other’ included in CrossCarrierSchedulingConfig, i.e. ‘the network configures this field only for SCells’, should be removed.

Proposal 2: The multi-cell scheduled via a single DCI can either include the scheduling cell or not.

Proposal 3: DCI format 0_0 and DCI format 1_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI(s) can be monitored in the common search space sets on the scheduled P(s)Cell.

Proposal 4: USS associated with either fallback DCI formats or non-fallback DCI formats cannot be configured on the P(s)Cell if it is cross-carrier scheduled by a SCell.
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