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1 Introduction
RAN1 has progressed on cross-carrier scheduling (CCS) from SCell to PCell with the following agreements:
	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



This contribution discusses the aspects for cross-carrier scheduling from SCell to PCell including search space sets, PDCCH monitoring, PUCCH, and SCell addition/activation. This is updated from R1-2006176.
2 Search space sets
Table 1 summarizes Rel-15/16 search space, corresponding RNTI/DCI format, and search space location.
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
	2_0, 2_1, 2_2, 2_3, 2_4
	PCell/SCell

	
	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
	PCell/SCell


A few observations with respect to cross-carrier scheduling from SCell to PCell are as follows:
For USS
· A UE can be configured with CIF for DCI formats 0_1/0_2/1_1/1_2 but not for DCI formats 0_0/1_0.
For Type0/0A/1/2 CSS
· Applicable DCI formats are DCI formats 1_0/0_0 where no CIF exists.
· Regardless of whether or not cross-carrier scheduling from SCell to PCell is supported, Type0/0A/1/2 CSS need to be on the PCell of MCG to support UEs in single cell operation and legacy UEs.
· PDCCH for Type0/0A/1/2 CSS is not frequently transmitted, it is UE-common, and therefore does not materially contribute to PDCCH overhead on the PCell – can be accommodated as in Rel-15/16.
· Therefore, it is not essential or of particular importance to support cross-carrier scheduling from SCell to PCell for Type0/0A/1/2 CSS.
For Type3 CSS
· PDCCHs with DCI formats 2_0/2_1/2_2/2_3/2_4 are transmitted on either PCell or SCell and are able to indicate each serving cell by higher layer configuration (e.g., servingCellId, positionInDCI).
· PDCCH with DCI format 2_6 is transmitted on PCell (PSCell). “SCell dormancy indication” field indicates one of the SCell group(s) configured by higher layer.
· As DCI format 2_6 needs to be detected within a small window to improve UE power savings and as DCI format 2_6 is at most group-cast over few UEs (especially when it also indicates SCell dormancy/non-dormancy), it can be considered to also support on the SCell as for all other DCI formats with PDCCH monitored according to Type3 CSS.
Therefore, we propose the search space sets as follows when cross-carrier scheduling from SCell to PCell/PSCell is configured. Note that proposals 1 – 3 do not require specification change.
Proposal 1: When cross-carrier scheduling from SCell to PCell/PSCell is configured, a UE monitors PDCCH candidates for DCI format 0_1/0_2/1_1/1_2 scheduling PCell PUSCH/PDSCH on the SCell USS.
Proposal 2: When cross-carrier scheduling from SCell to PCell/PSCell is configured, Type0/0A/1/2 CSS sets are maintained on the PCell/PSCell (i.e., no Type0/0A/1/2 CSS sets on the SCell)
Proposal 3: When cross-carrier scheduling from SCell to PCell/PSCell is configured, Type3 CSS set is either on PCell/PSCell or on SCell
Proposal 4: Support DCI format 2_6 from SCell and align support from SCell for all DCI formats with PDCCH monitored according to Type3 CSS.
3 PDCCH monitoring
A UE capability for PDCCH monitoring is currently partitioned as follows (Clause 10.1 of [2]).
	*** Unchanged text is omitted ***
If a UE 
-	is configured with  downlink cells for which the UE is not provided monitoringCapabilityConfig-r16 or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability, and 
-	with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration , where , and
-	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. 
*** Unchanged text is omitted ***


When the PCell can be scheduled by either the PCell or from an SCell, the PCell needs to be counted as 2 scheduled cells. For example, if the UE has active DL BWPs using 15 kHz SCS on the PCell and 30 kHz SCS on the SCell, it is clear that the PCell is a scheduled cell for both the PCell scheduling cell and the SCell scheduling cell ( exist for both  and ), corresponding search space sets need to exist on both scheduling cells, and require corresponding allocation of PDCCH candidates and non-overlapping CCEs.  
A next issue is whether M-TRP operation needs to be same on both PCell and SCell (there is no such link among cells in Rel-16). There is no need to have such restriction in the specifications. Also, from an operational perspective it would be detrimental (e.g. PCell can be a macro-cell with single TRP, SCell can be a small cell with two TRPs for improved mobility support and “cell edge” data rates).
Proposal 5: For determining a total number of PDCCH candidates and non-overlapping CCEs for scheduling cells in DSS operation, the PCell is counted as a scheduled cell for both the PCell and the SCell scheduling cell. No specification change is needed.
Proposal 6: For DSS operation, multi/single-TRP operation should remain independent on the PCell and the SCell.
A UE can be configured with more than one DL BWPs, or can be provided multiple search space set groups. Then, the UE can switch an active DL BWP to a default DL BWP, or can switch between search space set groups, based on expiration of corresponding timers that run independently on the PCell and the SCell. For DSS, one possible issue is the impact the timers on the SCell have for scheduling on the PCell. For example, the UE may not be scheduled for some time on the SCell, the bwp-InactivityTimer expires, and the UE switches to the default BWP on the SCell that typically has small bandwidth and sparse PDCCH monitoring. The gNB can control this by not configuring a timer/default BWP for the UE on the SCell. An alternative is for the UE to not switch to the default BWP on the SCell if the active DL BWP is not the default BWP on the PCell (e.g. the UE can have reduced PDCCH monitoring for scheduling on the PCell when the active DL BWP is the default BWP on both the PCell and the SCell). A similar issue is the potential dormancy behavior of the SCell. Even though a network can choose to not configure the SCell in the groups of SCells for which a dormancy indication is applicable, it needs to be determined whether the UE is expected to continue monitoring PDCCH for scheduling on the PCell if the UE did not receive a WUS for the PCell for a corresponding DRX cycle and the SCell remains in the non-dormant state. 
Proposal 7: The UE behavior for PDCCH monitoring on the SCell for scheduling on the PCell needs to be defined with respect to timers causing a change in active DL BWP or search space set group and to PCell (non-)WUS indication.
For search space set dropping, given that Rel-16 supports PDCCH monitoring according to Type-3 CSS on an SCell and also supports the SCell being the scheduling cell for more than one cell, there are no new requirements introduced by DSS operation.
Proposal 8: Search space set dropping should remain as in Rel-16 (applicable only for the PCell). No specification change is needed.
4 PUCCH
A set of PUCCH resources is configured per UL BWP and therefore DSS operation does not have impact on PUCCH resource selection. PUCCH power control is determined by UL-specific parameters, pathloss from DL PCell, and TPC commands in DCI format 1_X and DCI format 2_2. Pathloss from DL PCell is a long-term measurement and is always available regardless of DSS operation. Regarding TPC commands in DCI format 1_X and DCI format 2_2, as discussed in section 2, there is no impact from DSS operation as Type-3 CSS can be on the SCell. Therefore, existing PUCCH power control mechanism can work properly with DSS operation.
A PUCCH may include multiple UCI types (HARQ-ACK, SR and CSI report). PUCCH configuration for SR and CSI report is independent of DSS operation. For HARQ-ACK report, there are three types of HARQ-ACK codebook determination, i.e. type-1 HARQ-ACK codebook (semi-static codebook), type-2 HARQ-ACK codebook (dynamic codebook, including the enhanced one), and type-3 HARQ-ACK codebook (one-shot codebook). In general, the type-1 and type-3 codebooks are based on PDSCH parameters and PUCCH parameters, e.g. TDRA table for PDSCH receptions, UL/DL configurations for serving cells of PDSCH, number of HARQ processes for PDSCH and K1 for PUCCH, and are all independent of the scheduling cells. In case of multiple TRPs, although type-1 codebook is also based on CORESET configuration, this is not relevant to DSS operation. For the type-2 codebook, the HARQ-ACK codeword is based on the counter and total DAIs that are accumulated in 3 dimensions, i.e. in order of the PDSCH reception starting time for the same {PDSCH reception cell, PDCCH monitoring occasion} pair, then in order of PDSCH reception cell index, and then in order of PDCCH MO index . Clearly, the first two dimensions are irrelevant to PDCCH reception. Although the PDCCH MO is relevant to search space sets, the index of the PDCCH MO is determined only by the start time of search space sets and therefore DSS operation has no impact.
Therefore, DSS operation of cross-carrier scheduling from SCell to PCell has no impact on Rel-16 PUCCH operation or on HARQ-ACK codebook generation. There is also no impact from DSS operation on PRACH, SRS, or PUSCH scheduling/transmissions.
Observation 1: DSS operation of cross-carrier scheduling from SCell to PCell has no impact on the UL.
5 SCell addition and activation
When a gNB enables cross-carrier scheduling from SCell to PCell for a UE (e.g., in the process of SCell addition), the association between PCell and SCell needs to be provided similar to CrossCarrierSchedulingConfig in Rel-16. Further, the CIF value used in the scheduling cell to indicate the scheduled cell can be configured for the DCI formats 0_1/0_2/1_1/1_2 as in Rel-16.
SCell activation/deactivation functionality can be maintained. Specifically, upon SCell activation, UE monitors PDCCH on the SCell for scheduling on the PCell and/or SCell(s) (the UE monitors PDCCH for Type0/0A/1/2 CSS on the PCell).
Proposal 9: When cross-carrier scheduling from SCell to PCell/PSCell is configured, a UE monitors Type0/0A/1/2 CSS on the PCell regardless whether the SCell is activated or not.
6 Conclusion
Based on above discussion for cross-carrier-scheduling from SCell to PCell, we provide the following observation and proposals
Search space sets:
· Proposal 1: When cross-carrier scheduling from SCell to PCell/PSCell is configured, a UE monitors PDCCH candidates for DCI format 0_1/0_2/1_1/1_2 scheduling PCell PUSCH/PDSCH on the SCell USS.
· Proposal 2: When cross-carrier scheduling from SCell to PCell/PSCell is configured, Type0/0A/1/2 CSS sets are maintained on the PCell/PSCell (i.e., no Type0/0A/1/2 CSS sets on the SCell)
· Proposal 3: When cross-carrier scheduling from SCell to PCell/PSCell is configured, Type3 CSS set is either on PCell/PSCell or on SCell
· Proposal 4: Support DCI format 2_6 from SCell and align support from SCell for all DCI formats with PDCCH monitored according to Type3 CSS.
PDCCH monitoring:
· Proposal 5: For determining a total number of PDCCH candidates and non-overlapping CCEs for scheduling cells in DSS operation, the PCell is counted as a scheduled cell for both the PCell and the SCell scheduling cell. No specification change is needed.
· Proposal 6: For DSS operation, multi/single-TRP operation should remain independent on the PCell and the SCell.
· [bookmark: _GoBack]Proposal 7: The UE behavior for PDCCH monitoring on the SCell for scheduling on the PCell needs to be defined with respect to timers causing a change in active DL BWP or search space set group and to PCell (non-)WUS indication.
· Proposal 8: Search space set dropping should remain as in Rel-16 (applicable only for the PCell). No specification change is needed.
PUCCH:
· Observation 1: DSS operation of cross-carrier scheduling from SCell to PCell has no impact on the UL.
SCell addition/activation:
· Proposal 9: When cross-carrier scheduling from SCell to PCell/PSCell is configured, a UE monitors Type0/0A/1/2 CSS on the PCell regardless whether the SCell is activated or not.
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