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Introduction
[bookmark: _Ref129681832]In this contribution, specification impact and relevant issues when defining P(S)Cell as scheduled cell are discussed. 
Discussion 
When a PCell can be cross-carrier scheduled by an SCell, there may be the possibility that two cells are configured to schedule one cell. The specification impact on UE procedure for receiving control information needs to be discussed. In the following subsections, we investigate the main specification impacts on BD/CCE capability and the PDCCHs restricted to be only transmitted in PCell in current specification. 
Impact on BD/CCE capability
The following conclusion was made in RAN1#104-e:
	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.



According to the current specification, in an active BWP of a serving cell, a UE is expected to monitor PDCCH candidates based on its BD/CCE capability corresponding to a number of DL cells which is also related to the UE reported blind detection factor R value. The blind detection factor R is reported per UE support of multi-DCI multi-TRP operation where the PDCCH can be received from multiple points within a carrier. As can be seen, the BD/CCE capability is related to the number of sources that PDCCH can be transmitted from. 
For determining the BD/CCE capability/distribution in the case that PCell is scheduled by PDCCHs on both PCell and SCell,
Candidate solution 1: based on the existing framework 
The effect on the BD/CCE capability distribution is similar to the case of serving cells with multi-TRP operation, which was specified with the use of blind detection factor. The difference is that the SCSs of two TRPs of a serving cell are always the same, while the SCSs of PCell and SCell can be same or different. 
Therefore, when the SCSs of PCell and SCell are the same, the mechanism to determine the number of downlink cells corresponding to BD/CCE capability of a UE or distribute of BD/CCE capability in the downlink cells of the UE in multiple TRPs can be referred to. A single BDFactorR value can be configured which is used for scaling the BD/CCE limit per number of serving cells. 
When the SCSs of PCell and SCell are different, the UE implementation may be differentiated per each SCS and thus separate BDFactorR values for PCell and SCell respectively can be considered. These two BDFactorR values will also be used in distributing of BD/CCE capability among serving cells and determining the maximum BD/CCE limit.
Candidate solution 2: based on a reference SCS 
In order to determine the BD/CCE limits when the SCSs of PCell and SCell are different, some companies proposed to define a reference SCS from the two SCSs of the two scheduling cells [5][6]. In this case, the numbers of BD/CCE on both of the SCell and the PCell during a slot of reference SCS shall not exceed the nominal maximum numbers of BD/CCE of the slot of reference SCS. However, this may still increase the UE complexity in some cases the current implementation restriction is not met.
Figure 1 illustrates an example of determining the BD/CCE using reference SCS when the SCSs of PCell and SCell are different. In the example, the SCS of PCell and SCell is 15kHz and 30kHz respectively. PDCCH monitoring occasions 1 and 2 on the SCell are used for cross-scheduling PCell. PDCCH monitoring occasions 3 and 4 on the PCell are used for PCell self-scheduling. If 15kHz is selected as the reference SCS, as a special case for simplicity, if there are 44 PDCCH candidates on MO 1 and no PDCCH candidate on MO 2, 3 and 4, the BD number will exceed 36 in the first slot of SCell, even though the number of BD on both of the SCell and the PCell during a slot of reference SCS 15kHz doesn’t exceed 44. If 30kHz is selected as the reference SCS, and if there are 36 PDCCH candidates on each MO of MO 3 and MO 4 and no PDCCH candidate on MO 1 and 2, the BD number will exceed 44 in the slot of PCell, even though the number of BD on both of the SCell and the PCell during a slot of reference SCS 30kHz doesn’t exceed 36. Either case does not meet the current implementation restriction and will increase the UE complexity. 
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Fig. 1	PDCCH monitoring occasions when the SCSs of PCell and SCell are different

Given the above, it would be simpler, and more backward and forward compatible to use candidate solution 1 for the case that two cells scheduling one cell at the same time. 
Proposal 1: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of an SCell and the PCell, for determining the UE BD/CCE capability:
-	if the SCS of the two cells are the same, a single BDFactorR is applied to both cells
-	if the SCSs of two cells are different, separate BDFactorR values should be configured respectively for the PCell and the SCell. 

In the RAN1#104-e meeting, as part of above conclusion it should be studied further whether the UE can monitor PDCCH from both cells in the same slot. In our view, if the PDCCH from both cells have to be configured for monitoring in different slots, the scheduling flexibility may be reduced, and it may also impact the PDCCH offloading in some slots of PCell. Especially, for the UE which is not able to support monitoring USS in PCell, the fallback DCI can only be used for DL/UL transmission, which may lead to adverse effect of bandwidth efficiency. Furthermore, if the SCSs of PCell and SCell is the same, PDCCH from both cells in a slot can be supported since it is similar to Rel-16 multi-TRP transmission. If the SCSs of two scheduling cells are different, the proposed separate BDfactorR can be configured for different cells respectively for distributing the BD/CCE limit for each cell in order to support monitoring PDCCHs from PCell and SCell in the same slot. Based on above discussion, our proposal on the remaining FFS is therefore that PDCCH from both cells can be supported to monitor in the same slot.      
Proposal 2: Monitoring PDCCH from both PCell and SCell in the same slot is supported.

It is necessary to apply overbooking when CSS exists. It is expected that CSS is sparse in time while USS is denser. To ensure there is sufficient number of BD/CCE both in the slot/span where CSS and USS occur and in the slot/span where only USS occurs, it is reasonable to allow gNB to overbook PDCCH candidates. When overbooking happens, UE will drop some PDCCH candidates according to the dropping rules to meet the corresponding numbers that the UE is capable of monitoring.
When PCell can be scheduled by SCell and the PCell, since most of the CSS sets except for Type3 CSS set can only be configured in PCell, overbooking is not expected to PDCCHs on the cells other than PCell to avoid extra UE complexity, and the current dropping rules may be kept when overbooking applies, to avoid UE complexity and also specification impact. 
Proposal 3: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of SCell and the PCell, only PCell PDCCH can be overbooked.

Impact on PDCCHs restricted to be only transmitted in PCell 
In current specification, some PDCCHs used in special purposes are restricted to be only transmitted in PCell, including: 
· DCI format 2_6 in Type3-PDCCH CSS set can only be configured to be monitored on the PCell when a UE is configured with DRX mode operation.
· In link recovery procedure, a SS set provided by recoverySearchSpaceId can only be configured in PCell for PDCCH monitoring when beam failure happens. 
· With scheduling information, the SCell dormancy indication field is only present in a DCI format 0_1/1_1 when the DCI format is carried by PDCCH on the PCell within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell. 
· Without scheduling information, DCI format 1_1 indicating SCell dormancy can only be carried by PDCCH on the PCell within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell. 
When PCell can be scheduled by SCell and the PCell, and the coverage of the SCell is normally good enough, thus the PDCCHs restricted to be only transmitted in PCell as per current specification may also be allowed to transmit in the SCell. 
Proposal 4: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of SCell and the PCell, the PDCCHs restricted to be only transmitted in PCell for the following purposes in current specification could also be transmitted in the SCell: 
-	DCI format 2_6 in Type3-PDCCH CSS set
-	PDCCH in SS set provided by recoverySearchSpaceId
-	DCI format 0_1/1_1 with the SCell dormancy indication field and scheduling information
-	DCI format 1_1 indicating SCell dormancy without scheduling information
 
PSCell cross-carrier scheduled by an SCell
In the previous subsection, we analyzed offloading PCell PDCCH to SCell PDCCH and discussed the impact on specification. In DC operation, PSCell in SCG has the similar status as PCell in MCG. The analysis and discussion above are also applicable to a PSCell of the SCG cross-carrier scheduled by an SCell within the SCG. 

Conclusion
According to the above discussions, we have the following proposals:
Proposal 1: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of an SCell and the PCell, for determining the UE BD/CCE capability:
-	if the SCS of the two cells are the same, a single BDFactorR is applied to both cells
-	if the SCSs of two cells are different, separate BDFactorR values should be configured respectively for the PCell and the SCell
Proposal 2: Monitoring PDCCH from both PCell and SCell in the same slot is supported.
Proposal 3: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of SCell and the PCell, only PCell PDCCH can be overbooked.
Proposal 4: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of SCell and the PCell, the PDCCHs restricted to be only transmitted in PCell for the following purposes in current specification could also be transmitted in the SCell: 
-	DCI format 2_6 in Type3-PDCCH CSS set
-	PDCCH in SS set provided by recoverySearchSpaceId
-	DCI format 0_1/1_1 with the SCell dormancy indication field and scheduling information
-	DCI format 1_1 indicating SCell dormancy without scheduling information
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Annex: RAN1 agreements on cross carrier scheduling from SCell to PCell
WID[1]: 
	This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation



RAN1 #102-e [2]:
	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.



RAN1 #103-e [3]:
	Agreements:
· When CCS from an SCell (sSCell) to PCell/PSCell is configured, UE monitors Type 0/0A/1/2 CSS sets (for the DCI formats associated with those SS sets) only on the PCell/PSCell and not on the sSCell
· Note: UE monitors Type 0/0A/2 CSS only on PCell while Type 1 CSS can be monitored on PCell/PSCell

Agreements:
· Discuss in RAN1#104-e how to handle ‘DCI formats 0_1,1_1,0_2,1_2 scheduling PDSCH/PUSCH on PCell/PSCell’ from USS set(s), when CCS from sSCell to PCell/PSCell is configured.. Below alternatives can be considered in the discussion (other alternatives are not precluded)
· Alt 1: UE cannot be configured to monitor DCI formats 0_1,1_1,0_2,1_2 on PCell/PSCell USS set(s), and can be configured to monitor them only on the sSCell USS set(s)
· Alt 2: UE can be configured to monitor DCI formats 0_1/1_1/0_2/1_2 on PCell/PSCell USS set(s), and/or on sSCell USS set(s). The PDCCH monitoring is based on following alternatives (other alternatives are not precluded)
· Alt 2-1: 
· UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously
· Alt 2-2: 
· Dynamic switching of PDCCH monitoring of DCI formats 0_1,1_1,0_2,1_2 between monitoring on PCell/PSCell USS sets and monitoring on sSCell USS sets is supported
· FFS: Details of switching mechanism
· UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously
· Alt 2-3: 
· UE does not monitor the same DCI format on both PCell USS set(s) and sSCell USS sets simultaneously. UE can monitor some DCI formats on sSCell USS sets and other DCI formats on PCell/PSCell USS sets simultaneously
· Alt 2-4: 
· The USS set(s) on PSCell/PCell and the USS set(s) on sSCell are configured such that UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS set(s) simultaneously
· FFS following aspects
· Impact of sSCell activation/deactivation and sSCell dormancy
· Impact on BD/CCE limit handling
· Whether PDCCH overbooking on sSCell is supported or not supported and impact (if any) on overbooking handling on PCell/PSCell 
· Impact from different numerologies between PDCCH on the PCell/PSCell and that on the sSCell
· Whether or not to have mechanism for activation/deactivation of scheduling from sSCell to PCell/PSCell
· USS configuration details (e.g. handling of USS type (self-scheduling, cross carrier scheduling) for a USS set configured for scheduling of PCell/PSCell)



RAN1 #104-e [4]:
	Agreement
When CCS from sSCell to PCell/PSCell is configured, 
· Out of order scheduling is not allowed between a) PDSCH on PCell/PSCell scheduled by PDCCH on PCell/PSCell and b) PDSCH on PCell/PSCell scheduled by PDCCH on sSCell 
· Out of order scheduling is not allowed between a) PUSCH on PCell/PSCell scheduled by PDCCH on PCell/PSCell and b) PUSCH on PCell/PSCell scheduled by PDCCH on sSCell 
FFS: Whether this agreement requires RAN1 specification impact.

Agreement
When CCS from sSCell to PCell/PSCell is configured, 
· Simultaneous reception of a) unicast PDSCH on PCell/PSCell scheduled from PCell/PSCell and b) unicast PDSCH on PCell/PSCell scheduled from sSCell is not allowed
· Simultaneous transmission of a) PUSCH on PCell/PSCell scheduled from PCell/PSCell and b) PUSCH on PCell/PSCell scheduled from sSCell is not allowed
· Note: Simultaneous implies full/partial time overlapping
FFS: Whether this agreement requires RAN1 specification impact.

Agreement
· When CCS from sSCell to PCell/PSCell is configured, CA activation/deactivation operation for the sSCell is supported




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
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