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Introduction
The following agreements were made in RAN1 #104-e for cross-carrier scheduling from SCell to PCell/PSCell:
Working Assumption
· When CCS from sSCell to PCell/PSCell is configured, UE can be configured to monitor DCI formats 0_1/1_1/0_2/1_2 that schedule PDSCH/PUSCH on PCell/PSCell on PCell/PSCell USS set(s), and/or on sSCell USS set(s)
· The WA to be confirmed after agreements are made on PDCCH BD/CCE handling and PDCCH overbooking handling for CCS from sSCell to PCell/PSCell
· Specs also allow UEs supporting functionality of only Alt-1. Capability signaling details, if any, can be handled during the UE capability discussion for Rel17
· FFS: Whether the UE can monitor PDCCH from both cells in the same slot.
Agreement
· When CCS from sSCell to PCell/PSCell is configured, UE monitors ‘DCI formats 0_0 and 1_0 in CSS that schedule PDSCH/PUSCH on PCell/PSCell’ only on the PCell/PSCell and not on the sSCell
In this contribution, we provide our further views on cross-carrier scheduling scheme.
Discussion
For Rel-15/16 cross-carrier scheduling, one SCell is scheduled by PCell or another scheduling SCell, and the PCell or the scheduling SCell has to be scheduled by itself. In Rel-17, to support cross-carrier scheduling from a SCell to PCell/PSCell, RAN1 agrees that PCell/PSCell can be scheduled by both itself and the sSCell. 
DCI formats 0_1,1_1,0_2,1_2 scheduling PDSCH/PUSCH on PCell/PSCell in USS set(s)
It was agreed as work assumption that when CCS from sSCell to PCell/PSCell is configured, UE can be configured to monitor DCI formats 0_1/1_1/0_2/1_2 on PCell USS set(s), and/or on sSCell USS set(s). In case UE is configured to monitoring USS set(s) on both PCell and sSCell, it needs more discussion whether to support PDCCH monitoring on PCell and sSCell simultaneously.
In R15/R16, there is only one scheduling cell for each scheduled cell, and USS set(s) on the scheduling cell are monitored for associated scheduled cell(s). If CCS is configured, there are two scheduling cells for PCell, differently from legacy case. It causes high complexity to monitor USS set(s) on both PCell and sSCell simultaneously. If USS set(s) are available on only one scheduling cell in a slot, the complexity for PDCCH monitoring is similar to legacy case. The USS availability can be indicated by RRC signaling or determined dynamically. For example, RRC signaling indicates PCell to be the monitored cell, and UE will monitor USS set(s) only on PCell until this configuration is changed by another RRC signaling. As another example, if there are USS set(s) configured on both PCell and sSCell in slot n, the available cell for USS monitoring is sSCell; otherwise, the available cell is the cell in which USS set(s) located. In this way, USS set(s) are configured on both PCell and sSCell to ensure the scheduling opportunities and flexibility with no complexity increased. 
Proposal 1: USS set(s) can be configured on both PCell and sSCell; however, UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on PCell USS set(s) and sSCell USS set(s) simultaneously(Alt.2-2).
PDCCH monitoring capability
In R15/R16, each cell can have only one scheduling cell. PDCCH monitoring capability (BD/CCE budget) is calculated for each scheduled cell with each scheduling cell, i.e., for each paired <scheduled cell, scheduling cell>. When CCS is configured, P(S)Cell can be scheduled by two cells. The PDCCH monitoring capability (BD/CCE budget) determination becomes different from that in R15/R16. There are two candidate schemes for BD/CCE determination:
· Scheme 1: PCell and sSCell are treated as one scheduling cell and share the PDCCH BD/CCE budget.
PCell and sSCell share the PDCCH monitoring capability (BD/CCE budget), with paired <scheduled cell (PCell), scheduling cell#1 (PCell), scheduling cell#2 (sSCell)>. The monitoring budget for USS set(s) is considered for both PCell and sSCell (if USS can be configured in both PCell and sSCell) or only sSCell (if USS can be configured in only sSCell). Also, monitoring BD/CCE budget should be split into two equal or unequal parts for two scheduling cells. If only CSS is configured in PCell, there is no PDCCH overbooking. If both CSS and USS can be configured in PCell, PDCCH overbooking should be considered. USS can be always configured in sSCell, PDCCH overbooking can be avoid by implementation, similar to the case for SCell in R15. If there is no split for BD/CCE budget and only total budget for PCell and sSCell is limited in spec, the overbooking should be considered for the combination of PCell and sSCell.
Scheme 2: PCell and sSCell are treated as two scheduling cells, and the PDCCH BD/CCE budgets are determined separately between PCell and sSCell. 
The BD/CCE budgets are independently determined according to paired <scheduled cell (PCell), scheduling cell#1 (PCell)> and <scheduled cell (PCell), scheduling cell#2 (sSCell)>, with the same procedure as in R15/R16. Meanwhile, PDCCH overbooking is also considered independently between PCell and sSCell.
For scheme 1, there is no impact for the monitoring budget of other scheduling cells if the number of scheduling cells for PCell is changed from 1 to 2. The scheduling opportunities/ monitoring budgets are not impacted for other scheduled cells as well. For scheme 2, the total number of scheduling cells is incremented and the monitoring budget may be decreased for scheduling cells other than PCell and sSCell. It leads to less scheduling opportunities/ monitoring budgets for other scheduled cells except PCell. Scheme 1 shows less impact for other cells than scheme 2. But scheme 1 may be more complex with spec modification than scheme 2. Also, the maximum monitoring budget for PCell as a scheduled cell is needed. This maximum budget is different based on whether PCell is treated as one scheduled cell for two scheduling cells (as in Scheme 1) or one scheduled cell per single scheduling cell (as in Scheme 2). RAN1 needs to clarify the definition of the maximum monitoring budget for scheduling cell(s) and scheduled cell, in the context of CCS from sSCell to PCell. 
Proposal 2: RAN1 should clarify whether PCell in the context of SCell-to-PCell CCS is treated as one scheduled cell for two scheduling cells or as one scheduled cell per single scheduling cell.
Conclusion
In this contribution, we show our views on cross-carrier scheduling with following proposals:
[bookmark: _GoBack]Proposal 1: USS set(s) can be configured on both PCell and sSCell; however, UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on PCell USS set(s) and sSCell USS set(s) simultaneously(Alt.2-2).
Proposal 2: RAN1 should clarify whether PCell in the context of SCell-to-PCell CCS is treated as one scheduled cell for two scheduling cells or as one scheduled cell per single scheduling cell.
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