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Introduction
Based on the email discussion [102-e-NR-DSS-DC_enh2-01], the following agreements were made in RAN1 #102-e for cross-carrier scheduling from SCell to PCell/PSCell:
Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
a. self-scheduling on PCell/PSCell is allowed
b. cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
c. self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
d. cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
e. 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
In this contribution, we provide our 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, the following issues should be discussed:
a. Which search spaces to schedule PCell/PSCell can be configured on SCell?
In Rel-15/16, up to 10 search spaces, including common search space (CSS) and UE specific search space (USS), can be configured for a serving cell, and CSS type 0/0A/1/2/3 are transmitted only on PCell. The details of different SS types are showed in Table 1. 
Table 1. Search spaces for one cell
	Search space type
	Related DCI

	Type0-PDCCH CSS
	a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG;
DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI

	Type0A-PDCCH CSS
	a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG;
DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI

	Type1-PDCCH CSS
	a DCI format with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell;
DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI

	Type2-PDCCH CSS
	a DCI format with CRC scrambled by a P-RNTI on the primary cell of the MCG;
DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI

	Type3-PDCCH CSS
	DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, CI-RNTI, or PS-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, or CS-RNTI(s)

	USS
	DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, or SL-L-CS-RNTI.



· CSS type 0/0A/1/2
In Rel-15/16, CSS type 0/0A/1/2 are transmitted only on PCell, in which UE monitors PDCCH scrambled by SI-RNTI, RA-RNTI, or P-RNTI to achieve the reception of system information, RA information or other broadcast information. Fallback DCI scrambled by C-RNTI, the MCS-C-RNTI, or the CS-RNTI could transmit in CSS type 0/0A/1/2 also. When SCell scheduling PCell is configured, CSS type 0/0A/1/2 need to be kept in PCell at least to ensure the same coverage of system information, RA information or other broadcast information and corresponding PDCCH by allocating the same carrier. In the other hand, fallback scheduling is maintained as fallback mechanism when scheduling SCell is broken. Therefore, CSS type 0/0A/1/2 should remain in PCell. 
· CSS type 3
Group common DCI is transmitted using CSS type 3. Since cell list information is configured for each group common DCI by high layer signaling, there is no ambiguity about information contained in group common DCI even the group common DCI is transmitted in SCell. However, if CSS type 3 is transmitted in SCell, the following issues should be considered:
If the fallback DCI is used to schedule PCell, the ambiguity which cell is scheduled by the fallback DCI may exist. For example, a USS associated with the SCell overlaps with CSS type 3, a fallback DCI without CIF is received in the overlapping region, the UE may not know whether the SCell or PCell is scheduled by the fallback DCI.
If the fallback DCI is used to schedule the PCell, impact on DCI size alignment can be expected. 
If CSS type3 is transmitted in SCell, UE needs to monitor CSS in both PCell and Scell. The monitoring procedure for CSS is changed and enhancement for PDCCH monitoring capability is needed.
Considered with the impact on both specification and UE implementation, CSS type3 should be configured in PCell.
Proposal 1: CSS need to be configured in PCell.

· USS
USS associated with PCell can be configured in SCell to reduce the PDCCH overhead in PCell. Whether and how to off-load USS from PCell to SCell need to be discussed:
Off-load all of USS to the scheduling SCell
Non-fallback DCI in USS in scheduling SCell, including carrier indication, can be used to cross-scheduling PDSCH/PUSCH in PCell or other SCells. Fallback DCI is used only for self-scheduling in SCell to avoid the ambiguity caused by default CFI field.  If the scheduling SCell is invalid, fallback DCIs in CSS can be used for self-scheduling for PCell.
Off-load partial of USS to scheduling SCell
                                     


Figure 1. Off-load partial USS from PCell to SCell
To ensure the feasible of flexible self-scheduling for PCell, partial of USS can be remained in PCell. The remained USS is used for self-scheduling, as shown in Figure 1. It will be more flexible and effective to support unicast transmission during reconfiguration of cross-carrier scheduling, reconfiguration of SCell and SCell dormancy. 
Furthermore, the off-loaded partial of USS can be regarded as power saving option. When scheduling SCell is invalid, the partial of USS in SCell is not monitored, the reduction of the total monitored PDCCH candidates is achieved, i.e. only self-scheduling on PCell is applied. 

Proposal 2: USS can be configured in both on PCell and SCell.
b. Whether a scheduling SCell can be deactivated and dormant, if PCell/PSCell is scheduled by the SCell?
In Rel-15/16, deactivation or dormancy is allowed for SCell and it should be regarded as baseline. 
· Deactivation for scheduling SCell 
If scheduling SCell need to be deactivated, USS in SCell cannot be used and cross-scheduling for PCell is not applied. However,according to Proposal 1 and 2, CSS and remaining USS in PCell achieves fallback scheduling. So it is allowed for data transmission and reconfiguration procedure in PCell. 

· Dormancy for scheduling SCell
Dormancy is used for power saving in CA scenario. It is also meaningful for cross-scheduling case. When scheduling SCell is dormant, the PDCCH monitoring in SCell stops, and self-scheduling for PCell shall be used.

Proposal 3: Both deactivation and dormancy are allowed for scheduling SCell.
Conclusions
In this contribution, we show our views on cross-carrier scheuling with following observations and proposals:
Proposal 1: CSS need to be configured in PCell.
Proposal 2: USS can be configured in scheduling SCell.
Proposal 3: Both deactivation and dormancy are allowed for scheduling SCell.
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