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Introduction
A new work item on “New WID on NR Dynamic spectrum sharing (DSS)” was approved in RAN#86 and the objectives are as follows [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
· [bookmark: _Hlk27038352]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#104-e meeting, the following agreements were achieved for cross-carrier scheduling from SCell to PCell/PSCell) [2].

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
Search space sets
Table 1 summarizes Rel-15/16 search space, corresponding RNTI/DCI format, and search space location [3].
Table 1 Search space, corresponding RNTI/DCI format, and location
	Search space
	RNTI
	DCI format
	Rel-15/16 search space location (PCell/SCell)

	Type0 CSS
	SI-RNTI
	1_0
	PCell of the MCG

	Type0A CSS
	SI-RNTI
	1_0
	PCell of the MCG

	Type1 CSS
	RA-RNTI, MsgB-RNTI 
	1_0
	PCell /PSCell

	
	TC-RNTI
	1_0, 0_0
	PCell /PSCell

	Type2 CSS
	P-RNTI
	1_0
	PCell of the MCG

	Type3 CSS
	INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, CI-RNTI, AI-RNTI
	2_0, 2_1, 2_2, 2_3, 2_4, 2_5
	PCell/SCell or SCell configured by high layer

	
	PS-RNTI
	2_6
	PCell /PSCell

	
	C-RNTI, MCS-C-RNTI, CS-RNTI(s)
	0_0, 0_1, 1_0, 1_1
	PCell /PSCell

	USS
	C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, SL-L-CS-RNTI
	0_0, 0_1, 0_2, 1_0, 1_1, 1_2, 3_1
	PCell/SCell



Group common DCI format 2_5 in Type 3 CSS can be configured on PCell/PSCell or SCell. So there are no additional issues to decide the location of Type 3 CSS with DCI format 2_5.
Proposal 1: When sSCell scheduling PCell/PSCell is configured, the configuration of Type 3 CSS set for DCI format 2_5 and applicability of the information in the DCI format are the same as in Rel-16.
Group common DCI format 2_6 in Type 3 CSS can be only configured on PCell/PSCell because this format is used for SCell dormancy indication. If DCI format 2_6 in Type 3 CSS can be configured on the SCell used for scheduling PCell/PSCell, whether this SCell should be always active like PCell/PSCell and whether this SCell can be indicated as dormancy should be discussed. From this perspective, it is prefered to keep the DCI format 2_6 on Pcell/PSCell only.
Proposal 2: When sSCell scheduling PCell/PSCell is configured, UE monitors DCI format 2_6 in Type 3 CSS set  only on the PCell/PSCell and not on the sSCell.
When sSCell scheduling PCell/PSCell is configured, how to handle ‘DCI formats 0_1,1_1,0_2,1_2 scheduling PDSCH/PUSCH on PCell/PSCell’ from USS set(s) is discussed in the last RAN1 meeting. Below alternatives can be considered in the discussion.
· 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
From the perspective of UE processing complexity, UE monitoring both on PCell/PSCell and sSCell in the same slot is not preferred. It should be a feature that can be activated/deactivated by network under the configuration of the feature, instead of always activating the feature when it is configured. By this way, network can have more scheduling flexibility on UE-specific search space, such as switch the scheduling cell back to the ‘PCell/PSCell’ in the case of beam failure on the sSCell, and switch the scheduling cell to only the sSCell for UE to reduce power consumption. 

Proposal 3: When sSCell scheduling PCell/PSCell is configured, 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) in the same slot.

Proposal 4: When sSCell scheduling PCell/PSCell is configured, Dynamic switching of PDCCH monitoring carrier of DCI formats 0_1,1_1,0_2,1_2 between PCell/PSCell and sSCell is supported.
PDCCH monitoring







In this WI, there is a restriction that the total PDCCH blind decoding budget should not be changed as a result of this work. There are two PDCCH blind decoding budget, one is  or , the other is  or . For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per slot.
If the fallback DCI is always on the P(S)Cell, PDCCH blind decoding for this P(S)Cell will be performed on the P(S)Cell. Meanwhile, in case that PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell is supported, PDCCH blind decoding for this P(S)Cell will be additional performed on the SCell. That means for this P(S)Cell, PDCCH blind decoding will be performed on two cells and the total blind decoding for this P(S)Cell may be increased.







[bookmark: _Hlk530114396]For another parameter of the budget in the current spec, if a UE is configured with  downlink cells with DL BWPs having SCS configuration , where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells. In case that PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell is supported, PDCCH blind decoding will be performed on two cells for this P(S)Cell. In this case, parameter  will be calculated twice. 

Observation 1: The total blind decoding for P(S)Cell may be increased if the PDCCH blind decoding is performed on the two cells.
Proposal 5: For SCell scheduling PCell, further consider how to calculate/configure PDCCH candidates of USS to meet the BD/CCE budget.
Conclusions
In this contribution, we discuss Cross-carrier scheduling from SCell to P(S)Cell, the following observation and proposals have been made:
Observation 1: The total blind decoding for P(S)Cell may be increased if the PDCCH blind decoding is performed on the two cells.
Proposal 1: When sSCell scheduling PCell/PSCell is configured, the configuration of Type 3 CSS set for DCI format 2_5 and applicability of the information in the DCI format are the same as in Rel-16.
Proposal 2: When sSCell scheduling PCell/PSCell is configured, UE monitors DCI format 2_6 in Type 3 CSS set  only on the PCell/PSCell and not on the sSCell.
Proposal 3: When sSCell scheduling PCell/PSCell is configured, 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) in the same slot.
Proposal 4: When sSCell scheduling PCell/PSCell is configured, Dynamic switching of PDCCH monitoring carrier of DCI formats 0_1,1_1,0_2,1_2 between PCell/PSCell and sSCell is supported.
Proposal 5: For SCell scheduling PCell, further consider how to calculate/configure PDCCH candidates of USS to meet the BD/CCE budget.
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