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1. Introduction

In RAN1#106bis-e meeting [1], the following agreements were made for cross-carrier scheduling from sSCell to PCell/PSCell.
	Agreement
Option A is supported in Rel-17
· At least for Type B UE, when the UE is configured for CCS from sSCell to P(S)Cell and when P(S)Cell SCS () is less than or equal to sSCell SCS (),[and at least when UE is not provided monitoringCapabilityConfig for any cell]
· Option A
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than [ or ] PDCCH BD candidates per sSCell slot
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·   is based on RRC configuration 
·   is used for P(S)Cell overbooking procedure
· When determining  and  
· P(S)Cell self-scheduling is counted by applying scaling factor s1 
· sSCell to P(S)Cell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
· s1=1 and s2=0, FFS other s1 and s2
·   and  are based on RRC configuration
· FFS: additional constraints on s1 and s2 e.g., 1 ≤ s1+s2 ≤ 2 or s1 + s2  1
· Note:  is as in Rel16 
· UE capability/incapability indication for below to be discussed as part of UE features discussion
· All search space configurations monitored on sSCell for cross-carrier scheduling to P(S)Cell are within a single span of [3] consecutive OFDM symbols within a duration spanning P(S)Cell slot
· Same approach as above is used for CCE limits
· FFS: Separate vs. same RRC configured scaling factors (corresponding to ) for BD and CCE limits.
· When P(S)Cell SCS () is larger than sSCell SCS (), for CCS from sSCell to P(S)Cell and, it is not supported Rel-17 DSS.

Conclusion
· When sSCell to PCell cross-carrier scheduling is configured, DCI format 2_6 (if configured) is monitored only on P(S)Cell
 
Working Assumption
· When CIF for sSCell to PCell cross-carrier scheduling is configured, non-fallback DCI formats on P(S)Cell include same number of CIF bits as the corresponding non-fallback DCI formats on sSCell that are used for sSCell to P(S)Cell scheduling

Conclusion
· A UE configured for cross-carrier scheduling from SCell to P(S)Cell can also be configured with unaligned CA (i.e., using  ca-SlotOffset ), and a non-zero value for ca-SlotOffset can be configured at least for SCells other than the sSCell
· FFS: Whether case when sSCell is configured with non-zero ca-SlotOffset is supported and any associated capability signalling
· Note: No additional L1 spec impact related to ca-SlotOffset had been identified

Conclusion
· When CCS from sSCell to P(S)Cell is configured for a UE
· monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration for the PDCCH monitoring candidates monitored on sSCell as determined per Rel16 SS linking approach


In this contribution, we discuss and provide our views on the support of cross-carrier scheduling from sSCell to P(S)Cell in Rel-17.

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, configured only in P(S)Cell for DCI format 2_6 as agreed in RAN1#106bis-e, for DCI format 2_5, applicability of the information in DCI format 2_5 is 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 format 2_5 and applicability of the information in the DCI format 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.

In RAN1#106-e, the following three alternatives were discussed as PDCCH monitoring details for Type A UE.
· Alt 1: In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell), the UE does not expect to decode DCI format(s) with CRC scrambled C-RNTI/MCS-C-RNTI/CS-RNTI on Type-0/0A/1/2-CSS sets on P(S)Cell
· Alt 2: In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell), UE drops the overlapped USS sets on sSCell
· Alt 3: In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell), UE decodes DCI format(s) on Type-0/0A/1/2-CSS sets on P(S)Cell and the overlapped USS sets on sSCell.
Among three alternatives, Alt 2 is preferred since Alt 1 or Alt 3 requires Type A UE to simultaneously monitor P(S)Cell and sSCell in overlapping [symbol/slot], which is not aligned with the motivation to specify Type A UE as low capability UE on PDCCH monitoring.

Proposal 3: In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor USS sets on sSCell (for scheduling P(S)Cell), UE drops the overlapped USS sets on sSCell.

Next, regarding the aspects of PDCCH monitoring and BD/CCE limit handling, [based on Option C] was adopted in RAN1#106bis-e. One of remaining issues is whether to support other s1/s2 values than agreed ones (i.e., s1=1, s2=0). It would be beneficial to introduce other s1/s2 values (e.g., s1=0.5, s2=0.5), in terms of PDCCH offloading from P(S)Cell to sSCell.

Proposal 4: For BD/CCE limit handling at least for Type B UE, introduce additional s1 and s2 values (e.g., s1=0.5, s2=0.5) based on RRC configuration.
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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. It is noted that this operation could be also applicable to the above Alt 2 for type A UE PDCCH monitoring, since the type A UE would monitor only one of P(S)Cell and sSCell.
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Figure 1. Example of search space set configuration for PCell and sSCell 
(for example, PCell = 15 kHz, sSCell = 30 kHz)

Proposal 5: Consider to apply Rel-15/16 BD/CCE limit for a slot where CORESET(s) are assigned on only one of P(S)Cell and sSCell.

Furthermore, it 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. To figure out this issue, the following three options can be considered and Option 1 is preferred since it doesn’t require additional signalling.
· Option 1: Fallback to P(S)Cell self-carrier scheduling as if cross-carrier scheduling from sSCell to P(S)Cell is not configured
· Option 2: New sSCell indication via DCI or MAC CE
· Option 3: Separate USS set configurations for each of activated sSCell case and deactivated sSCell case

Proposal 6: After cross-carrier scheduling from sSCell to P(S)Cell is configured, if the sSCell is deactivated or in dormant state, the following options can be considered to provide sufficient PDCCH resource and Option 1 is preferred since it doesn’t require additional signalling.
· Option 1: Fallback to P(S)Cell self-carrier scheduling as if cross-carrier scheduling from sSCell to P(S)Cell is not configured
· Option 2: New sSCell indication via DCI or MAC CE
· Option 3: Separate USS set configurations for each of activated sSCell case and deactivated sSCell case

3. Conclusion
In this contribution, we discussed and provided our views on the support of cross-carrier scheduling from sSCell to P(S)Cell, and the 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 format 2_5 and applicability of the information in the DCI format 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.
Proposal 3: In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor USS sets on sSCell (for scheduling P(S)Cell), UE drops the overlapped USS sets on sSCell.
Proposal 4: For BD/CCE limit handling at least for Type B UE, introduce additional s1 and s2 values (e.g., s1=0.5, s2=0.5) based on RRC configuration.
Proposal 5: Consider to apply Rel-15/16 BD/CCE limit for a slot where CORESET(s) are assigned on only one of P(S)Cell and sSCell.
Proposal 6: After cross-carrier scheduling from sSCell to P(S)Cell is configured, if the sSCell is deactivated or in dormant state, the following options can be considered to provide sufficient PDCCH resource and Option 1 is preferred since it doesn’t require additional signalling.
· Option 1: Fallback to P(S)Cell self-carrier scheduling as if cross-carrier scheduling from sSCell to P(S)Cell is not configured
· Option 2: New sSCell indication via DCI or MAC CE
· Option 3: Separate USS set configurations for each of activated sSCell case and deactivated sSCell case
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