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1. [bookmark: _Toc120549591]Introduction
[bookmark: _Hlk67418396]In last RAN1#104 and #104b e-meeting [1][2], some agreements and conclusion about CCS from sSCell to PCell/PSCell are made, and some details about PDCCH monitoring, BD/CCE limit and CCS configuration will be discussed in this contribution.
2. Discussion
2.1 PDCCH monitoring behaviour
Non-fallback DCI formats
In the discussion of RAN1#103 e-meeting [3], there are several alternatives about the non-fallback DCI formats monitoring behaviour. And in RAN1#104 e-meeting, we agreed the working assumption about that 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), i.e., Alt 2 series.
Then we need the selection among four Alt 2 series alternatives, 
· Alt 2-1: UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously;
· Alt 2-2: Dynamic switching of PDCCH monitoring of DCI formats 0_1,1_1,0_2,1_2 between monitoring on PCell/PSCell USS sets and monitoring on sSCell USS sets is supported. UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously;
· Alt 2-3: UE does not monitor the same DCI format on both PCell USS set(s) and sSCell USS sets simultaneously. UE can monitor some DCI formats on sSCell USS sets and other DCI formats on PCell/PSCell USS sets simultaneously;
· Alt 2-4: The USS set(s) on PSCell/PCell and the USS set(s) on sSCell are configured such that UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS set(s) simultaneously.
As the working assumption in RAN1#104-e meeting, UE has the capability to monitor the USS set(s) scheduling PCell/PSCell both on PCell/PSCell and sSCell, and Alt 2-1 also gives NW more scheduling flexibility.
For Alt 2-2, there is no need to restrict UE cannot monitor on both PCell USS set(s) and sSCell USS sets simultaneously if we confirmed the working assumption.
For Alt 2-3, the division of DCI formats is meaningless, e.g., the introduction of DCI format x_2 is used to improve the PDCCH detection performance but has no relationship with the serving cell is a PCell/PSCell or a SCell, it is hard to say which serving cell is suitable for specific DCI format(s).
For Alt 2-4, we think it is a fallback or simplified Alt 2-1, which the USS set(s) on PCell/PSCell and sSCell are configured in TDM may. And if UE can support Alt 2-1, it can support Alt 2-4 naturally.
Therefore, we think Alt 2-1 can be supported in Rel-17 CCS and Alt 2-4 can also be supported as the baseline capability.
Proposal 1. Support Alt 2-1: UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously.
Proposal 2. Also support Alt 2-4: The USS set(s) on PSCell/PCell and the USS set(s) on sSCell are configured such that UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS set(s) simultaneously, which is the special case of Alt 2-1.

USS fallback DCI formats
Except the non-fallback DCI formats, when CCS from sSCell to PCell/PSCell is configured, the UE monitoring behaviour of fallback DCI formants 0_0 and 1_0 from USS set(s) should also be discussed. We think UE can monitor DCI formats 0_0,1_0 on PCell/PSCell USS set(s) only but not on sSCell USS set(s) because there is no CIF field in DCI format 0_0 and 1_0, which cannot be used as cross-carrier scheduling DCI formats. 
[bookmark: _Hlk71185228]Proposal 3. DCI formats 0_0,1_0 for scheduling PCell/PSCell PDSCH/PUSCH can only be monitored on PCell/PSCell.

DCI format 2_5/2_6
In Rel-16, DCI format 2_5 can be monitored PCell/PSCell or SCell and DCI format 2_6 can be monitored only on PCell/PSCell, we think these rules can be reused in Rel-17 CCS.
Proposal 4. DCI format 2_5 can be monitored on PCell/PSCell or SCell as Rel-16. DCI format 2_6 can only be monitored on PCell/PSCell as Rel-16.

2.2 BD/CCE limit
In last RAN1 meeting, there were some discussion about BD/CCE limit handling, and the following alternatives are used as the starting point in this meeting.
For RAN1#105-e, companies are encouraged to consider:
· Further discuss PDCCH monitoring and BD/CCE limit handling in RAN1#105e considering below BD/CCE limit handling options
· Option A
· At least when P(S)Cell SCS is not higher than sSCell SCS, PDCCH monitoring candidates on P(S)Cell and/or sSCell are configured such that max of (x1(m1)+x2(m1))+max of y(m2) corresponding to any P(S)Cell slots m1 and m2 is less than or equal to Z1
· At least the case of Z1 = 44 is supported for P(S)Cell SCS 15kHz
· FFS if Z1 larger than above can also be supported based on UE capability (e.g. similar to BDFactorR in Rel16)
· FFS signalling details on how the limit Z1 is realized, e.g.
· RRC configured BD limit/scaling factor-based limit for max(x1(m)+x2(m))
· Separate RRC configured BD limits/scaling factor-based limits for max(x1(m)+x2(m)) and max(y(m)) 
· separate BdfactorR for P(S)Cell and sSCell
· SS configuration-based BD limit for max(x1(m)+x2(m)) and max(y(m))
· RRC configured BD limit/scaling factor-based limit for max(x1(m)+x2(m))+ max(y(m))
· Counting ‘sSCell-to-P(S)Cell’ scheduling as an additional scheduling cell with numerology given by sSCell numerology in determining the BD/CCE limits
· FFS reference SCS to use when P(S)Cell has higher SCS than sSCell (if supported)
· For sSCell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the sSCell more than PDCCH candidates per slot of sSCell.
· FFS how limit is computed and applied when CCS from sSCell to P(S)Cell is configured
· Option B
· At least when P(S)Cell SCS is not higher than sSCell SCS, For P(S)Cell slot m, PDCCH monitoring candidates on P(S)Cell and/or sSCell are configured such that x1(m)+x2(m)+y(m) is less than or equal to BD limit Z2
· At least the case of Z2 = 44 is supported for P(S)Cell SCS 15kHz
· FFS if Z2 larger than above can also be supported based on UE capability (e.g. similar to BDFactorR in Rel16)
· max of (x1(m1)+x2(m1)) + max of y(m2) corresponding to any P(S)Cell slots m1 and m2 can is allowed to be larger than BD limit Z2
· FFS signalling details on how the limit Z2 is realized 
· FFS reference SCS to use when P(S)Cell has higher SCS than sSCell (if supported)
· For sSCell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the sSCell more than PDCCH candidates per slot of sSCell.
· FFS how limit is computed and applied when CCS from sSCell to P(S)Cell is configured
· Option C
· PDCCH monitoring candidates on P(S)Cell are configured such that max of (x1(m1)+x2(m1)) is less than or equal to Z3
· Z3 is derived by the PDCCH monitoring capability of PCell
· PDCCH monitoring candidates on sSCell are configured such that max of y(m2) is less than or equal to Z4
· Z4 is derived by the PDCCH monitoring capability of sSCell
· FFS details to define Z3 and Z4, e.g.
· Separate RRC configured BD limits/scaling factor-based limits for max(x1(m)+x2(m)) and max(y(m))
· For sSCell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the sSCell more than Z4 PDCCH candidates per slot of sSCell
· Note
· x1(m) is #BDs for PDCCH CSS(s) candidates monitored on P(S)Cell slot m 
· x2(m) is #BDs for PDCCH USS(s) candidates monitored on P(S)Cell slot m 
· y(m) is #BDs for PDCCH USS(s) candidates monitored on sSCell in all sSCell slot(s) that overlap slot m of P(S)Cell
· USS(s) => USS(s) that can schedule PDSCH/PUSCH on P(S)Cell)
Let’s consider the following typical DSS case as in Figure 1, which the SCS of PCell/PSCell is 15kHz in FDD band and the SCS of sSCell is 30kHz in TDD band. For PCell/PSCell, the BD/CCE x1(m)+x2(m)=n1 for DL slot#0 and n2 for DL slot#1. For sSCell, y(m)=p1_1+p1_2 for DL slot#0 corresponding to PCell/PSCell, and y(m)=p2_1 for DL slot#1 corresponding to PCell/PSCell.


Figure 1. Illustration of BD/CCE handling in CCS

For Option A, any combination n1+ p1_1+p1_2, n1+ p2_1, n2+ p1_1+p1_2, n2+ p2_1 should be less than or equal to Z1, e.g., n1=n2=22, p1_1=p1_2=p2_1=11. In this option, the opportunity of CCS from sSCell to PCell/PSCell in DL slot#1 corresponding to PCell/PSCell is restricted, because there is a UL slot in sSCell overlaps with DL slot in PCell/PSCell.
For Option B, we only need to restrict n1+p1_1+p1_2 and n2+p2_1 less than or equal to Z2, e.g., n1=n2=22, p1_1=p1_2=11, p2_1=22, which the total BD/CCE of scheduling PCell/PSCell in DL slot#1 is increased compared with Option A.
For Option C, the difference from Option B is that the upper bound for PCell/PSCell self-scheduling and sSCell cross-carrier scheduling is configured respectively.
In comparison, Option B and Option C are much flexible and can also avoid the scheduling opportunity reduction issue in Option A. But the Option C is more complicated and needs more spec effort than Option B, e.g., whether to define the upper bound of Z3+Z4. In a summary, Option B is a simple way to be supported to give gNB much flexibility of CCS configuration and scheduling and not reduce the scheduling opportunity on PCell/PSCell.  
Proposal 5. Support BD/CCE limit handling option B.
2.3 CCS configuration
In last meeting, it was agreed that CIF for sSCell to PCell cross-carrier scheduling is explicitly configured using RRC signalling.
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
[bookmark: _Hlk68114847]The furthermore discussion issue is that how RRC signalling configures the CIF value. In current NR design, the cross-carrier scheduling framework is configured at serving cell configuration level, that is one cell can be configured as self-scheduling cell or cross-carrier scheduled cell. But for Rel-17 CCS from SCell to PCell/PSCell, USS set(s) can be monitored on PCell/PSCell and/or sSCell, therefore the current cross-carrier scheduling framework is not suitable. In addition, as the discussion in section 2.1, partial USS set(s) is used for self-scheduling on PCell/PSCell, but other USS set(s) is used for cross-carrier scheduling by sSCell. Therefore, the cross-carrier configuration can be configured per USS set for PCell/PSCell, for example, some USS set(s) are configured as self-scheduling and other USS set(s) are configured as cross-carrier scheduling and the configuration contents including the CIF value and sSCell index. 
Proposal 6. The cross-carrier configuration can be configured per USS set for PCell/PSCell, e.g., the information about whether this USS set is self-scheduling or cross-carrier scheduling, the CIF value and sSCell index if the USS set is used for cross-carrier scheduling.
In addition, there was also some discussion about two alternatives of the search space configuration about CCS search space set(s) scheduling PCell/PSCell but monitored on sSCell in last meeting:
Alt 1:
· nrofCandidates is derived from search space configuration on PCell/PSCell
· monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration are derived from search space configuration on sSCell and same parameters are also used for self-scheduling on sSCell (i.e., same approach as in Rel16)
Alt 2:
· nrofCandidates is derived from search space configuration on PCell/PSCell
· monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration are configured independently from the parameters used for self-scheduling on sSCell
The difference between two alternatives is whether for a same search space set index, the parameters of monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration are different or same with CCS and self-scheduling on sSCell. Alt 1 can reuse the Rel-15/16 rule, but Alt 2 is more flexible. Considering the TDD configuration of sSCell is different from PCell/PSCell, which the typical case is that PCell/PSCell is in a FDD band and sSCell is in a TDD band, it should give gNB the flexibility to configure different PDCCH monitoring occasions for sSCell self-scheduling and sSCell cross-carrier scheduling PCell/PSCell.
Proposal 7. Support the following configuration of search space set(s) scheduling PCell/PSCell monitored on sSCell:
· nrofCandidates is derived from search space configuration on PCell/PSCell
· monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration are configured independently from the parameters used for self-scheduling on sSCell
3. Conclusions
In this contribution, BD/CCE handling and CCS configuration framework is discussed, and the following proposals are made.
Proposal 1. Support Alt 2-1: UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously.
Proposal 2. Also support Alt 2-4: The USS set(s) on PSCell/PCell and the USS set(s) on sSCell are configured such that UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS set(s) simultaneously, which is the special case of Alt 2-1.
Proposal 3. DCI formats 0_0,1_0 for scheduling PCell/PSCell PDSCH/PUSCH can only be monitored on PCell/PSCell.
Proposal 4. DCI format 2_5 can be monitored on PCell/PSCell or SCell as Rel-16. DCI format 2_6 can only be monitored on PCell/PSCell as Rel-16.
Proposal 5. Support BD/CCE limit handling option B.
Proposal 6. The cross-carrier configuration can be configured per USS set for PCell/PSCell, e.g., the information about whether this USS set is self-scheduling or cross-carrier scheduling, the CIF value and sSCell index if the USS set is used for cross-carrier scheduling.
Proposal 7. Support the following configuration of search space set(s) scheduling PCell/PSCell monitored on sSCell:
· nrofCandidates is derived from search space configuration on PCell/PSCell
· monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration are configured independently from the parameters used for self-scheduling on sSCell
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