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[bookmark: _GoBack]In the last RAN1 meetings, the following agreements were made for supporting cross-carrier scheduling from SCell to PCell/PSCell motivated by the NR DSS scenario [1, 2]:
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 our view on remaining issues on SCell-to-PCell/PSCell scheduling including BD/CCE limit handing, DCI size alignment, and activation/deactivation of sSCell-to-P(S)Cell scheduling.

Discussion
BD/CCE limit handling
In the last meeting, there were discussions on details about BD/CCE limit handling options for sSCell-to-P(S)Cell scheduling and the following proposal was drawn [3]:
	Proposal 4v3
· For at least Type B UE, downselect from one of the BD/CCE limit handling options below 
· [based on Option A/C] When 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 ()
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot 
· UE is not required to monitor more than
· Alt1
·  PDCCH BD candidates per P(S)Cell slot
· Alt2
·  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  PDCCH BD candidates per slot of sSCell
· UE is not required to monitor more than
· Alt1
·  PDCCH BD candidates per P(S)Cell slot 
· Alt2:
·  PDCCH BD candidates per P(S)Cell slot 
· At least case of  is supported.
· FFS case of   
· FFS multi-TRP case
· FFS following
· Selection between Alt1 vs. Alt2 above
· Whether separate  and   are configured by RRC or if  and only   is configured
· How the PDCCH BD candidates are distributed between multiple sSCell slots overlapping a P(S)Cell slot when and whether the BD limits for sSCell are specified per sSCell slot or per P(S)Cell slot
· [based on Option B] When UE is configured for CCS from sSCell to P(S)Cell and when when P(S)Cell SCS () is less than or equal to sSCell SCS ()
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per slot of P(S)Cell 
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per slot of sSCell
· Considering both PDCCH BD candidates for P(S)Cell self-scheduling on P(S)Cell and PDCCH BD candidates for sSCell to P(S)SCell cross-carrier scheduling on sSCell
· UE is not required to monitor more than
· Alt 1
·  PDCCH BD candidates per P(S)Cell slot 
· Alt 2
·  PDCCH BD candidates per P(S)Cell slot
· FFS: selection between Alt-1 and Alt-2
· FFS: whether/how the definition of  or  is modified compared to Rel16 when UE is configured with CCS from sSCell to P(S)Cell



First of all, it is aimed to down-select between Option A/C and Option B. One advantage of Option B is that it allows to fully utilize the BD/CCE monitoring capability. However, given that the PDCCH overbooking on sSCell USS set(s) is prohibited, with Option B gNB should configure CSS/USS sets on PCell and sSCell very carefully not to overbook on sSCell. This may limit the benefit of PCell overbooking as well. In contrast, Option A/C is simpler because overbooking on PCell is affected by a separate BD/CCE limit for PCell, not the total limit. To resolve the issue of wasted BD/CCE capability in Option A/C,  (under conditions  and ) can be allowed. In that case,  and  can be configured by separate RRC parameters.
Proposal 1: Support Option A/C for BD/CCE limit handling when sSCell-to-P(S)Cell CCS is configured.
Proposal 2: For Option A/C,  and  can be configured by separate RRC parameters (under constraints of  and ).

Secondly, the exact values for per-cell BD/CCE limit for P(S)Cell and sSCell need to be defined. For P(S)Cell (self-scheduling), it is clear that Alt. 2, i.e.,  per P(S)Cell slot, should be applied if our intention is not to increase the per-scheduled cell monitoring capability in the CA case.
For sSCell (cross-carrier scheduling to P(S)Cell), from the same context, a simple approach is to adopt Alt. 2, i.e.,  per P(S)Cell slot. However, there are more options in this case. For example, we can consider Rel-16 cross-carrier scheduling rule where the BD/CCE limit for the scheduled cell is defined per slot of the scheduling cell and determined based on the numerology of the scheduling cell. By following such principle, the BD/CCE limit for sSCell can be specified per sSCell slot and can be based on subcarrier spacing . Accordingly, the BD limit for sSCell can be  per sSCell slot.
Proposal 3: For Option A/C, 
· On P(S)Cell (self-scheduling), UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot (Alt. 2 in Proposal 4v3).
· On sSCell (cross-carrier scheduling to P(S)Cell), choose between:
· Alt. 1: UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot (Alt. 2 in Proposal 4v3).
· Alt. 2: UE is not required to monitor more than  PDCCH BD candidates per sSCell slot.

Another issue is how to count P(S)Cell and sSCell for CA scaling calculation, and there was a relevant discussion in the last meeting:
	Discussion Point 4
· When CCS from sSCell to P(S)Cell is configured for the UE, how should the ‘CA scaling calculation’ be specified to derive  ?
· Alt1
· P(S)Cell is counted once
· sSCell is counted once
· Alt 2
· P(S)Cell is counted once
· sSCell is counted twice (with same SCS as sSCell)
· Alt 3
· Use scaling factors and  with SCS configuration  and  respectively for P(S)Cell and sScell (the scaling factors may be less than 1)



In our view, Alt. 1 would work and is simple. Thus Alt. 1 can be considered as baseline, and Alt. 3 with limited scaling values can be further considered to provide flexibility. For Alt. 3, candidate values for , , and  need to be decided. For example, the possible values can be .

DCI size determination/alignment
Basically, the same Rel-16 DCI size alignment procedure can be applied for P(S)Cell when sSCell-to-P(S)Cell CCS is configured. UE determines the sizes of ‘DCI formats for P(S)Cell’ on P(S)Cell and sSCell, and if the number of the determined DCI sizes exceeds the DCI size budget, some of their sizes are aligned by zero-padding. On the other hand, the following was agreed in a past meeting.
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
As an outcome of the agreement, the size of ‘DCI format 0_1/1_1/0_2/1_2 that schedule PDSCH/PUSCH on P(S)Cell’ can be different across P(S)Cell and sSCell, because those DCI formats monitored on P(S)Cell do not include the CIF. Two solutions can be considered.
· Opt. 1: Align their DCI sizes across P(S)Cell and sSCell (e.g., by zero-padding on the DCI of the smaller size).
· Opt. 2: UE monitors two different DCI sizes on P(S)Cell and sSCell.
In Opt. 1, the total DCI sizes may not be increased. Therefore, there is no need to revisit the Rel-16 DCI size budget ‘3+1’. While, for Opt. 2, the DCI size budget may need to be increased to maintain the same DCI monitoring capability effectively.
Proposal 4: Discuss whether/how to handle potential DCI size difference between P(S)Cell and sSCell for DCI format 0_1/1_1/0_2/1_2 due to presence/absence of CIF.

Activation/deactivation of sSCell-to-P(S)Cell CCS
In the DSS scenario, the demand of PDCCH offloading from PCell/PSCell to sSCell may change in time depending on LTE/NR traffic status. Hence, it is beneficial to support dynamic activation and deactivation of sSCell-to-P(S)Cell CCS. To this end, the concept of SCell dormancy indication introduced in Rel-16 can be reused. For example, for the sSCell, UE can be configured one set of BWPs configured to apply sSCell-to-P(S)Cell CCS and another set of BWPs not configured to apply the sSCell-to-P(S)Cell CCS. Then, the sSCell-to-P(S)Cell CCS can be enabled or disabled based on BWP switching indicated by DCI from P(S)Cell.
Proposal 5: Support dynamic activation/deactivation of sSCell-to-P(S)Cell CCS based on a Rel-16 BWP switching mechanism.

Conclusion
In this contribution, we discuss remaining issues on cross-carrier scheduling enhancements for NR DSS, from which the following proposals are drawn:
Proposal 1: Support Option A/C for BD/CCE limit handling when sSCell-to-P(S)Cell CCS is configured.
Proposal 2: For Option A/C,  and  can be configured by separate RRC parameters (under constraints of  and ).
Proposal 3: For Option A/C, 
· On P(S)Cell (self-scheduling), UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot (Alt. 2 in Proposal 4v3).
· On sSCell (cross-carrier scheduling to P(S)Cell), choose between:
· Alt. 1: UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot (Alt. 2 in Proposal 4v3).
· Alt. 2: UE is not required to monitor more than  PDCCH BD candidates per sSCell slot.
Proposal 4: Discuss whether/how to handle potential DCI size difference between P(S)Cell and sSCell for DCI format 0_1/1_1/0_2/1_2 due to presence/absence of CIF.
Proposal 5: Support dynamic activation/deactivation of sSCell-to-P(S)Cell CCS based on a Rel-16 BWP switching mechanism.
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