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1. [bookmark: _Toc120549591]Introduction
In last RAN1 #105 e-meeting [1], two types of UE were defined as the following:
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 will further discuss BD/CCE limit handling and CCS configuration.
2. Discussion
2.1 BD/CCE limit handling
In last RAN1 meeting, there were some discussions about BD/CCE limit handling, and the following proposal in FL summary [2] is used for further discuss in this meeting.
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

Let’s consider the following typical DSS case as in Figure 1. We assume the UE has one PCell/PSCell with 15kHz SCS in FDD band and four SCell(s) with 30kHz SCS in TDD band which one is used as sSCell. UE reports its BD capability pdcch-BlindDetectionCA = 4. The n1 and n2 are the BD limits for P(S)Cell self-scheduling and p1_1, p1_2 and p2_1 are the BD limits for sSCell cross-carrier scheduling P(S)Cell.


Figure 1. Illustration of BD/CCE limits handling in CCS

The BD limits about P(S)Cell self-scheduling and sSCell cross-carrier scheduling P(S)Cell based on Option A/C and Option B is calculated as the following Table 1.
Table 1. BD limits based on Option A/C and Option B
	BD limits (scheduling)
	Option A/C based
	Option B based

	n1 
(P(S)Cell self-scheduling)
	n1 <= 35; 
n1<= *[44 or 35]
	n1 <= 35;
n1+ p1_1+p1_2 <= [44 or 35]

	n2 
(P(S)Cell self-scheduling)
	n2 <= 35; 
n2<= *[44 or 35]
	n2 <= 35;
n2+ p2_1 <= [44 or 35]

	p1_1 
(sSCell cross-carrier scheduling P(S)Cell)
	p1_1 <= 36; 
p1_1+p1_2 <= *[44 or 35]
	p1_1 <= 36; 
n1+ p1_1+p1_2 <= [44 or 35]

	p1_2 
(sSCell cross-carrier scheduling P(S)Cell)
	p1_2 <= 36;
p1_1+p1_2 <= *[44 or 35]
	p1_2 <= 36;
n1+ p1_1+p1_2 <= [44 or 35]

	p2_1 
(sSCell cross-carrier scheduling P(S)Cell)
	p2_1 <= 36;
p2_1 <= *[44 or 35]
	p2_1 <= 36;
n2+ p2_1 <= [44 or 35]



The most difference between Option A/C and Option B is whether the BD/CCE limits for scheduling P(S)Cell can be semi-statically split (Option A/C based) or dynamically split (Option B based).
If Option A/C based BD/CCE limits handling is used, p1_1, p1_2 and p2_1 are the same with the upper bound [44 or 35], which causes the scheduling opportunity of CCS from sSCell to PCell/PSCell in DL slot#1 corresponding to PCell/PSCell is restricted. For example, with the assumption of  and Alt-2, n1=n2=17, p1_1=p1_2=p2_1=8. That is the CCS scheduling opportunity in DL slot#1 corresponding to P(S)Cell is reduced than DL slot#0.
But if Option B based BD/CCE limits handling is used, the number of p2_1 can be larger than p1_1/p1_2, because only the total upper bound of BD/CCE limits across P(S)Cell and sSCell is defined. For example, with the assumption of Alt-2, n1=n2=17, p1_1=p1_2=9, but p2_1=18 which is larger than Option A/C based solution.
In comparison, Option B based solution should be supported which is more flexible and can also avoid the scheduling opportunity reduction issue in Option A/C based solution. As whether Alt-1 or Alt-2 in Option B, we think Alt-2 is much reasonable, which is aligned with current BD/CCE limits on each serving cell and will not increase UE’s total BD/CCE capability. 
Proposal 1. For at least Type B UE, support BD/CCE limit handling option B with Alt-2.
2.2 CCS configuration
In RAN1# 104b-e meeting, it was agreed that CIF for sSCell to PCell cross-carrier scheduling is explicitly configured using RRC signalling. 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 Type B UE, partial USS set(s) of DCI formats 0_1,1_1,0_2,1_2 are used for self-scheduling on PCell/PSCell, but other USS set(s) are used for cross-carrier scheduling by sSCell, the current cross-carrier scheduling framework is not suitable. 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 2. 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.
Another issue is about two alternatives of the search space configuration about CCS search space set(s) scheduling PCell/PSCell but monitored on sSCell:
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 3. 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
2.3 CCS application scenario
In this section, we will discuss some FFS issues about CSS application scenario.
UE behaviour when sSCell is deactivated
If sSCell is deactivated, there is no motivation and possibility of offloading PDCCH monitoring on sSCell. That is when sSCell is deactivated, both Type A and Type B UE should switch to ‘normal’ PDCCH monitoring on P(S)Cell.
Proposal 4. Both Type A and Type B UE should switch to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated.
Whether the UE can be configured with unaligned CA
In current spec, the CA offset parameter is used to determine the scheduling offset and has no restriction on whether it is P(S)Cell or sSCell. From this point of view, there is no additional spec impact to support CCS from sSCell on P(S)Cell in unaligned CA scenario. Therefore, we think UE can be configured with unaligned CA. 
Proposal 5. Both Type A and Type B UE can be configured with unaligned CA.
Whether the above applies for multicast PDSCH
Considering the CSS type for GC-PDCCH of multicast, e.g., whether it is a Type-3 CSS, whether can be monitored on SCell and detailed DCI formats, e.g., whether containing CIF filed, are still under discussion in Rel-17 NR MBS WI, we think the discussion of whether CCS from sSCell on P(S)Cell for multicast PDSCH can be applied should be postponed.
Proposal 6. Further to discuss whether CCS from sSCell on P(S)Cell for multicast PDSCH can be applied after more detailed design about DCI format and search space of GC-PDCCH for multicast.
2.4 Other DCI monitoring behaviour
DCI format 2_5
In Rel-16, DCI format 2_5 can be monitored PCell/PSCell or SCell, we think this rule can be reused in Rel-17 CCS.
DCI format 2_6
In Rel-16, DCI format 2_6 can be monitored only on PCell/PSCell, we think this rule can also be reused in Rel-17 CCS.
Proposal 7. DCI format 2_5 can be monitored on PCell/PSCell or SCell as Rel-16. 
Proposal 8. DCI format 2_6 can only be monitored on PCell/PSCell as Rel-16.
3. Conclusions
In this contribution, BD/CCE handling and CCS configuration framework is discussed, and the following proposals are made.
Proposal 1. For at least Type B UE, support BD/CCE limit handling option B with Alt-2.
Proposal 2. 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 3. 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
Proposal 4. Both Type A and Type B UE should switch to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated.
Proposal 5. Both Type A and Type B UE can be configured with unaligned CA.
Proposal 6. Further to discuss whether CCS from sSCell on P(S)Cell for multicast PDSCH can be applied after more detailed design about DCI format and search space of GC-PDCCH for multicast.
Proposal 7. DCI format 2_5 can be monitored on PCell/PSCell or SCell as Rel-16. 
Proposal 8. DCI format 2_6 can only be monitored on PCell/PSCell as Rel-16.
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