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Introduction
[bookmark: _Ref129681832]In RAN#86, a new WID on NR dynamic spectrum sharing (DSS) was approved for Release 17 [1], where RAN1 will study solutions to improve the scheduling capacity for NR UEs on the shared carriers: 
	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



In RAN1 #102-e [2], it was agreed that:
	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.



In RAN1 #103-e [3], it was agreed that:
	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)




In this contribution, specification impact and relevant issues when defining P(S)Cell as scheduled cell are discussed. 
Discussion 
Analysis for offloading PCell PDCCH to SCell PDCCH
Regarding the configuration of SS sets for a PCell, the remaining issue is how to offload USS sets for a PCell to an SCell. Several alternatives were proposed in last meeting as shown in the agreements above.
For the need of configuring USS sets for a PCell to an SCell, since the CSS sets still need to be configured in PCell, it means there will be anyway two carriers used for scheduling the PCell. If the USS can be only configured in SCell in this case, there may be benefits for UE power saving; if the USS can be configured on both PCell and SCell, more scheduling opportunity can be available at the cost of UE power saving. It is our view that it is not clear whether there could be obvious UE power saving gained from restricting the USS from PCell as long as the total BD is not restricted. And, if desired, Alt 2-1 with proper configuration of USS sets can also achieve the same/similar effect as other sub-alternatives in terms of PDCCH monitoring and DCI size/BD budget. From network flexibility point of view, it would be beneficial to allow simultaneous operation as one configuration option, which can be turned ON/OFF based on e.g. UE capability and network configuration. Therefore, we prefer Alt 2-1 among the candidates.  
Proposal 1: When a PCell is cross-carrier scheduled by an SCell, USS set can be configured in PCell and/or SCell.

Fallback DCI format 0_0/1_0 currently does not include a carrier indicator field (CIF), since the fields of it do not rely on RRC configuration. It is expected that the restriction can be kept such that potential ambiguity between RRC reconfiguration can be avoided by gNB scheduling a reliable fallback DCI. Thus, our view is that DCI formats 0_0/1_0 can be monitored for self-scheduling in CSS and USS on PCell, and only for self-scheduling in the USS on the SCell. 
Proposal 2: DCI format 0_0/1_0 is not used for scheduling the PCell from an SCell.

Impact on specification
As explained above, when a PCell can be cross-carrier scheduled by an SCell, there may be the possibility that two cells are configured to be able 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
In an active BWP of a serving cell, a UE is expected to monitor PDCCH candidates based on BD/CCE capability. The corresponding procedures are:
· Determining the BD/CCE capability of a UE, where the BD/CCE capability corresponds to a number of downlink cells where the number of DL cells is determined according to UE capability, number of configured serving cells and the UE reported R for multi-TRP operation. 
· Distributing of BD/CCE capability among serving cells, depending on whether the concerned cell is PCell or not, with multi-TPR or not and/or the SCS configurations of the serving cells. 
· Dropping the PDCCH candidates according to the dropping rules to meet the corresponding numbers of BD/CCE that the UE is capable of monitoring when overbooking happens. 
As can be seen, the BD/CCE capability is related to the number of sources that PDCCH can be transmitted from. In the case that PCell is scheduled by PDCCHs on both PCell and SCell, the effect on the BD/CCE capability distribution is similar to the case of serving cells with multi-TRP operation. The difference is that the SCSs of two TRPs of a serving cell are always same, while the SCSs of PCell and SCell can be same or different.
[bookmark: _Hlk23024772]Therefore, when the SCSs of PCell and SCell are 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 reused. Similarly, when the SCSs of PCell and SCell are the same, PCell and SCell can be considered as one cell or two cells in the BD/CCE capability distribution according to the single configured BDFactorR value. When the SCSs of PCell and SCell are different, since the BD/CCE capability is distributed to the group of scheduling cell(s) with same SCS, PCell and SCell should be configured with separate BDFactorR values. For example, both the two BDFactorR values for PCell and SCell can be configured as one.
Proposal 3: 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. 

It is necessary to apply overbooking when CSS exists. It is expected that CSS is sparse in time while USS is denser. To ensure the number of BD/CCE is enough both in the slot or span that CSS and USS occur and in the slot or span that 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 4: 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 good enough, the PDCCHs restricted to be only transmitted in PCell in current specification may also be transmitted in the SCell. It should be noted that SCell dormancy indication is carried by non-fallback DCI which can only be transmitted in USS. When USS for PCell scheduling is only configured in SCell, if SCell dormancy indication is still needed, it must be transmitted in SCell. 
Proposal 5: 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

When a UE monitors dormancy indication only on an SCell, the SCell should not be included in any SCell dormancy group. Otherwise, once the UE receive a dormancy indication on the SCell which indicates the group including the SCell dormancy, the UE will stop monitoring PDCCH on the SCell. Eventually, the UE will not receive any dormancy indication anymore, the dormancy state will be always kept unchanged per SCell. When a UE monitors dormancy indication not only on an SCell but also on the PCell, the PCell can indicate the SCell non-dormancy even SCell indicates itself dormancy. Therefore, the SCell can be included in an SCell dormancy group in the case. 
Proposal 6: A UE does not expect an Scell to be configured within a dormancy group when the UE monitors dormancy indication only on the SCell, if dormancy indication PDCCH can be on an SCell.

Impact on scheduling restriction
Since Rel-16 multi-TRP, it is allowed to out-of-order (OOO) schedule PDSCH/PUSCH only when PDCCHs that schedule two PDSCHs/PUSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex. The OOO is introduced because the backhaul of multiple TRPs in one cell may be non-ideal. In other cases, for example, when the UE is either not provided CORESETPoolIndex or is provided CORESETPoolIndex with a single value for all CORESETs on all DL BWPs of the serving cell, it is not allowed to out-of-order schedule PDSCH/PUSCH.
Based on the basic carrier aggregation framework from Rel-15 and Rel-16, the backhaul between different component carriers is ideal and it is not expected for the UE to dramatically increase its complexity due to simple scheduling cell transferring, if not considering multi-TRP. Thus, when PCell is scheduled by both SCell and the PCell, it is proposed not to support out-of-order scheduling.
Proposal 7: Out-of-order scheduling is not considered for Rel-17 DSS.

Since the PDCCH loads of PCell and SCell are both dynamic, when the initial transmission fails, if the PDCCH load of the cell the initial PDCCH from is high and the PDCCH load of the other cell is low, it is preferred to transmit retransmission scheduling PDCCH in the other cell. Supporting scheduling PDCCHs from different cells for initial and retransmission of a scheduled PDSCH can guarantee the scheduling flexibility. However it may increase the complexity of the UE. Considering different UEs may have different implementation, it is preferred to define a UE capability about this.
Proposal 8: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of SCell and the PCell, a UE capability can be defined about whether a UE supports PDCCHs of initial and retransmission scheduling from different cells for the same TB.

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 a PCell is cross-carrier scheduled by an SCell, USS set can be configured in PCell and/or SCell.
Proposal 2: DCI format 0_0/1_0 is not used for scheduling the PCell from an SCell.
Proposal 3: 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 4: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of SCell and the PCell, only PCell PDCCH can be overbooked.
Proposal 5: 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
Proposal 6: A UE does not expect an Scell to be configured within a dormancy group when the UE monitors dormancy indication only on the SCell, if dormancy indication PDCCH can be on an SCell.
Proposal 7: Out-of-order scheduling is not considered for Rel-17 DSS.
Proposal 8: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of SCell and the PCell, a UE capability can be defined about whether a UE supports PDCCHs of initial and retransmission scheduling from different cells for the same TB.
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