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1. Introduction

In RAN1#104-e, RAN1#104bis-e, and RAN1#105-e meetings [1]-[2], the following agreements and working assumption were made for cross-carrier scheduling from sSCell to PCell/PSCell.
	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

Agreement
When CCS from sSCell to PCell/PSCell is configured
· CIF=0 used for sSCell self-scheduling, and CIF for sSCell to PCell cross-carrier scheduling is explicitly configured using RRC signalling

Agreement
PDCCH overbooking on sSCell USS set(s) is not allowed

Agreement
Two types of UEs (Type A and Type B) can support CCS from sSCell to P(S)Cell 
· For Type A UE
· At least following search space sets on P(S)Cell and search space sets on sSCell are configured so that the UE does not monitor them in overlapping [slot/symbol] of P(S)Cell and sSCell
· search space sets on P(S)Cell 
· USS sets for DCI formats 0_1,1_1,0_2,1_2 (if supported for Type A UE)
· USS sets for DCI formats 0_0,1_0
· Type3-CSS set(s) for DCI formats 1_0/0_0 with C-RNTI/CS-RNTI/MCS-C-RNTI 
· search space sets on sSCell 
· USS set(s) for scheduling P(S)Cell
· FFS: BD/CCE handling
· For Type B UE
· Following search space sets on P(S)Cell and search space sets on sSCell can be configured so that the UE monitors them in overlapping [slot/symbol] of P(S)Cell and sSCell
· search space sets on P(S)Cell 
· USS sets for DCI formats 0_0,1_0
· Type3-CSS set(s) for DCI formats 1_0/0_0 with C-RNTI/CS-RNTI/MCS-C-RNTI 
· search space sets on sSCell 
· USS set(s) for scheduling P(S)Cell
· For handling ‘USS sets for scheduling P(S)Cell’ on P(S)Cell and/or on sSCell for DCI formats 0_1,1_1,0_2,1_2
· Alt 2-1 is adopted
· There is no restriction on Type-0/0A/1/2-CSS sets configurations
· FFS: BD/CCE handling
· For Type A and/or Type B UE
· FFS: switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated
· FFS: Whether Type A is specified or is Type-B with restrictions (as part of UE features discussion)
· FFS: Whether the UE can be configured with unaligned CA
· FFS: Whether the above applies for multicast PDSCH


In this contribution, we discuss and provide our views on the support of cross-carrier scheduling from sSCell to P(S)Cell.

2. Discussion
DSS WI is mainly motivated from the scenario where gNB operates LTE and NR on the same carrier and that carrier is configured as NR P(S)Cell to a UE. In this case, if always-on signals such as LTE CRS and reserved region for LTE PDCCH are taken into account, a resource to carry NR PDCCH on that carrier may not be sufficient. To overcome this problem, it would be beneficial to allow cross-carrier scheduling from SCell to P(S)Cell. However, since NR system hasn’t supported yet cross-carrier scheduling where P(S)Cell is configured as scheduled cell, several issues need to be resolved to support P(S)Cell as scheduled cell.

The first aspect to be considered to support cross-carrier scheduling where P(S)Cell is configured as scheduled cell is which type of search space sets configured on P(S)Cell can be offloaded to sSCell. Our view is summarized as follows:
· Type0/0A/2-PDCCH CSS set: As in Rel-15, that is, can be configured only in PCell, as agreed in RAN1#103-e
· Type1-PDCCH CSS set: As in Rel-15/16, that is, can be configured only in P(S)Cell, as agreed in RAN1#103-e
· Type3-PDCCH CSS set: As in Rel-15/16, that is, can be configured in either of P(S)Cell and SCell, for DCI formats 2_0, 2_1, 2_2, 2_3, 2_4 as agreed in RAN1#103-e, also for DCI formats 2_5 and 2_6, applicability of the information in DCI formats 2_5 and 2_6 are the same as in Rel-15/Rel-16
· USS set associated with fallback DCI formats (i.e., DCI format 0_0/1_0): FFS whether it remains in P(S)Cell regardless of cross-carrier scheduling, or it can be configured in SCell scheduling P(S)Cell (e.g., by replacing one of the USS sets configured on SCell)
· USS set associated with non-fallback DCI formats (e.g., DCI format 0_1/0_2/1_1/1_2): Alt 2-1, i.e., UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously based on SS set configuration for which cross-carrier scheduling or self-carrier scheduling can be configured per each USS set
Furthermore, if USS sets are configured on the active DL BWP of the scheduling SCell and their indices exist in the USS sets configured on scheduled P(S)Cell, the USS sets can be monitored for cross-carrier scheduling from SCell to P(S)Cell. However, it is necessary to discuss further whether to also support PDCCH monitoring for USS sets, if the USS sets are configured on the active DL BWP of the scheduling SCell but their indices exist in the CSS sets configured on scheduled P(S)Cell. In addition, it can be considered how to handle the case where USS set index for the active DL BWP of scheduling SCell corresponding to a search space set configured for P(S)Cell does not exist.

Proposal 1: When cross-carrier scheduling from sSCell to P(S)Cell is configured,
· For Type3-PDCCH CSS set, the configuration for DCI formats 2_5 and 2_6 and applicability of the information in the DCI formats are the same as in Rel-15/Rel-16.
· For USS set associated with fallback DCI formats (i.e., DCI format 0_0/1_0) scheduling P(S)Cell: FFS whether it remains in P(S)Cell regardless of cross-carrier scheduling configuration, or it can be monitored in the sSCell
· For USS set associated with non-fallback DCI formats (e.g., DCI format 0_1/0_2/1_1/1_2) scheduling P(S)Cell, UE can monitor DCI formats 0_1, 1_1, 0_2, 1_2 on both PCell USS set(s) and sSCell USS sets simultaneously (i.e., Alt 2-1 as per previous agreement).
Proposal 2: When cross-carrier scheduling from sSCell to P(S)Cell is configured, the scheduling cell to be monitored for a USS set scheduling P(S)Cell is configured per each USS set index.

Next, regarding PDCCH monitoring and BD/CCE limit handling, several options were captured in [4]. According to current 38.213 specification, BD/CCE limit per slot is derived by the following steps:
· Step 1:  (the maximum number of monitored PDCCH candidates per slot for a UE in a DL BWP with SCS configuration  for operation with a single serving cell) determination based on tables
· Step 2: 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  which is determined depending on whether  (Case 1) or  (Case 2)
· Step 3: 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 .

At least Step 2 should be modified considering that both of P(S)Cell and sSCell can be the scheduling cell for a single P(S)Cell.
For Case 1 (),  for P(S)Cell and sSCell can be computed such that
· On P(S)Cell for self-carrier scheduling,  where P(S)Cell SCS configuration  and 
· On sSCell for cross-carrier scheduling to P(S)Cell,  where sSCell SCS configuration , , and 
[bookmark: _Hlk530114396]For Case 2 (), when  is calculated,  for sSCell numerology  can be increased by one (alternatively, P(S)Cell is counted by X and sSCell is counted by 1+Y where X + Y =1).
With the above modification to Step 2, we can additionally consider revise Step 3. To be specific, the UE is not required to monitor on the active DL BWP with SCS configuration  of P(S)Cell more than  and not required to monitor on the active DL BWP with SCS configuration  of sSCell scheduling P(S)Cell more than  where .

Proposal 3: When cross-carrier scheduling from sSCell to P(S)Cell is configured (for single TRP case), the UE is not required to monitor on the active DL BWP with SCS configuration  of P(S)Cell more than  and not required to monitor on the active DL BWP with SCS configuration  of sSCell scheduling P(S)Cell more than , where  and  are derived such that,
· For Case 1 (),
·  on P(S)Cell for self-carrier scheduling where P(S)Cell SCS configuration  and , and
·  on sSCell for cross-carrier scheduling to P(S)Cell where sSCell SCS configuration , , and 
· For Case 2 (),
·  by counting 2 for sSCell to determine , or by counting 1+Y for sSCell and counting X for P(S)Cell to determine  and  respectively, where X < 1, Y < 1, and X + Y = 1
·  by counting 2 for sSCell to determine , or by counting 1+Y for sSCell and counting X for P(S)Cell to determine  and  respectively, where X < 1, Y < 1, and X + Y = 1
· FFS additional adjustment for  and 

On top of the modification for above steps, fallback operation can be considered especially when any CORESETs are not assigned for P(S)Cell slot as shown by slot k+1 in Figure 1. In this case, since any CORESETs are not assigned for PCell slot k+1, each of y(n+2) and y(n+3) needs to be less than BD/CCE limit that is determined based on 30 kHz as defined in Rel-15/16.
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Figure 1. Example of search space set configuration for PCell and sSCell (i.e., PCell = 15 kHz, sSCell = 30 kHz)

Proposal 4: Consider to apply Rel-15/16 BD/CCE limit for a slot where any CORESETs are not assigned on one of P(S)Cell and sSCell.

Furthermore, we may need to consider the case when the sSCell configured as scheduling cell for P(S)Cell can be deactivated (or dormant). UE is supposed to stop any PDCCH monitoring on a deactivated SCell. However, if the deactivated SCell was configured for cross-carrier scheduling from sSCell to P(S)Cell and PDCCH monitoring on the sSCell was turned off, gNB may not have sufficient resource for PDCCH scheduling PDSCH/PUSCH on P(S)Cell. One solution could be to allow PDCCH monitoring for P(S)Cell on sSCell, even though the corresponding sSCell is in deactivated or dormant state. Alternatively, all (or part) of USS sets that were monitored on sSCell can be changed to be monitored on PCell after sSCell is deactivated or in dormant state.

Proposal 5: Consider whether/how to handle the case when sSCell is deactivated or in dormant state.

3. Conclusion
In this contribution, we provided our views on the support of cross-carrier scheduling from sSCell to P(S)Cell and proposals are as follows.

Proposal 1: When cross-carrier scheduling from sSCell to P(S)Cell is configured,
· For Type3-PDCCH CSS set, the configuration for DCI formats 2_5 and 2_6 and applicability of the information in the DCI formats are the same as in Rel-15/Rel-16.
· For USS set associated with fallback DCI formats (i.e., DCI format 0_0/1_0) scheduling P(S)Cell: FFS whether it remains in P(S)Cell regardless of cross-carrier scheduling configuration, or it can be monitored in the sSCell
· For USS set associated with non-fallback DCI formats (e.g., DCI format 0_1/0_2/1_1/1_2) scheduling P(S)Cell, UE can monitor DCI formats 0_1, 1_1, 0_2, 1_2 on both PCell USS set(s) and sSCell USS sets simultaneously (i.e., Alt 2-1 as per previous agreement).
[bookmark: _GoBack]Proposal 2: When cross-carrier scheduling from sSCell to P(S)Cell is configured, the scheduling cell to be monitored for a USS set scheduling P(S)Cell is configured per each USS set index.
Proposal 3: When cross-carrier scheduling from sSCell to P(S)Cell is configured (for single TRP case), the UE is not required to monitor on the active DL BWP with SCS configuration  of P(S)Cell more than  and not required to monitor on the active DL BWP with SCS configuration  of sSCell scheduling P(S)Cell more than , where  and  are derived such that,
· For Case 1 (),
·  on P(S)Cell for self-carrier scheduling where P(S)Cell SCS configuration  and , and
·  on sSCell for cross-carrier scheduling to P(S)Cell where sSCell SCS configuration , , and 
· For Case 2 (),
·  by counting 2 for sSCell to determine , or by counting 1+Y for sSCell and counting X for P(S)Cell to determine  and  respectively, where X < 1, Y < 1, and X + Y = 1
·  by counting 2 for sSCell to determine , or by counting 1+Y for sSCell and counting X for P(S)Cell to determine  and  respectively, where X < 1, Y < 1, and X + Y = 1
· FFS additional adjustment for  and 
Proposal 4: Consider to apply Rel-15/16 BD/CCE limit for a slot where any CORESETs are not assigned on one of P(S)Cell and sSCell.
Proposal 5: Consider whether/how to handle the case when sSCell is deactivated or in dormant state.
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