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[bookmark: _Ref7476982]Introduction 
At RAN plenary meeting #92-e, the revised work item (WI) for the enhancement of dynamic spectrum sharing (DSS) was agreed [1], the following objective was identified. 

· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· [bookmark: _Hlk27038352]Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation

In last RAN1 meetings, the following agreements were made, 

	Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
0. self-scheduling on PCell/PSCell is allowed
0. cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
0. self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
0. cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
0. cross-carrier scheduling from another serving cell to the ‘SCell used for scheduling PCell/PSCell’ is not allowed
· FFS: Search space and DCI format handling for the allowed cases above
 
Agreements:
· Configuring 2 or more Scells to schedule the PCell/PSCell is not allowed

Agreements:
· When CCS from an SCell (sSCell) to PCell/PSCell is configured, UE monitors Type 0/0A/1/2 CSS sets (for the DCI formats associated with those SS sets) only on the PCell/PSCell and not on the sSCell
· Note: UE monitors Type 0/0A/2 CSS only on PCell while Type 1 CSS can be monitored on PCell/PSCell
Conclusion
· When CCS from sSCell to PCell/PSCell is configured, the configuration of Type 3 CSS set for DCI formats 2_0, 2_1, 2_2, 2_3, 2_4 and applicability of the information in the DCI formats are the same as in Rel-15/Rel-16
· FFS: DCI format 2_5 and DCI Format 2_6 handling
· Note: The SCell configured with CCS to Pcell/PSCell is referred to as ‘sSCell’

[bookmark: _Hlk55846865]Conclusion
· When the PCell/PSCell and sSCell use different numerologies, the PDSCH reception preparation time between the PDCCH on the sSCell and the PDSCH on the PCell/PSCell is applied (i.e., as specified in TS38.214 Section 5.5).

Agreements:
· Discuss in RAN1#104-e how to handle ‘DCI formats 0_1,1_1,0_2,1_2 scheduling PDSCH/PUSCH on PCell/PSCell’ from USS set(s), when CCS from sSCell to PCell/PSCell is configured.. Below alternatives can be considered in the discussion (other alternatives are not precluded)
· Below alternatives can be considered in the discussion (other alternatives are not precluded)
· Alt 1: When CCS from sSCell to PCell/PSCell is configured, UE cannot be configured to monitor DCI formats 0_1,1_1,0_2,1_2 on PCell/PSCell USS set(s), and can be configured to monitor them only on the sSCell USS set(s)
· Alt 2: 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 on PCell/PSCell USS set(s), and/or on sSCell USS set(s). The PDCCH monitoring is based on following alternatives (other alternatives are not precluded)
· 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
· FFS activation/deactivation of scheduling from sSCell to PCell/PSCell
· 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
· FFS: Details of switching mechanism (e.g. based on SS group switching, based on BWP switching,…)
· 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
· FFS following aspects
· Impact of sSCell activation/deactivation and sSCell dormancy
· Impact on BD/CCE limit handling including considering PDCCH monitoring on CSS sets and PDCCH monitoring of ‘DCI formats 0_0, 1_0 scheduling PUSCH/PDSCH on PCell/PSCell’
· Whether PDCCH overbooking on sSCell is supported or not supported and impact (if any) on overbooking handling on PCell/PSCell 
· Impact from different numerologies between PDCCH on the PCell/PSCell and that on the sSCell
· Whether or not to have mechanism for activation/deactivation of scheduling from sSCell to PCell/PSCell
· USS configuration details (e.g. handling of USS type (self-scheduling, cross carrier scheduling) for a configured USS set configured for scheduling of in 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

Agreement
Specification supports dormant BWP operation on sSCell for a UE is configured CCS from sSCell to P(S)Cell. 

Agreement
· When CCS from sSCell to P(S)Cell is configured for a UE
· at least the number of PDCCH monitoring candidates monitored on sSCell (for scheduling P(S)Cell) is indicated to the UE using the SS set linking approach as in Rel16
· FFS: If any modifications to Rel16 approach are introduced for monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration for the PDCCH monitoring candidates monitored on sSCell (for scheduling P(S)Cell)
Agreement
· 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, down select one from [based on Option A/C] or [based Option C] below
· [based on Option A/C]
· 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 (Note: this is assumed per Rel16)
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·   and   are based on RRC configuration and at least cases of  are supported
· FFS the following for [based on Option A/C]
· Distribution of PDCCH BD candidates between multiple sSCell slots overlapping a P(S)Cell slot including whether the above additional BD limitation is defined per sSCell slot or per P(S)Cell slot.
· Discuss further using following alternatives as starting point (other alternatives/further refinement of alternatives not precluded)
·  Alt1
· The additional BD limitation is per sSCell slot with further limitation that UE is not required to monitor more than  PDCCH BD candidates per sSCell slot
· Alt 2
· The additional BD limitation is per P(S)Cell slot and no further restrictions
· Alt 3
· The additional BD limitation is per P(S)SCell slot with below further limitation
· 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
· Whether/how the definition of  or is modified compared to Rel16 when UE is configured with CCS from sSCell to P(S)Cell
· Whether separate  and   are configured by RRC or if  and only   is configured
· [based on Option C]
· 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  PDCCH BD candidates per sSCell slot
· When determining  and 
· P(S)Cell self-scheduling is counted by applying scaling factor s1, 
· sSCell to PCell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
·   and    
· FFS the following
· Allowed combinations of s1 and s2 , and whether they are fixed or configured via RRC
· Whether/how the definition of  or is modified compared to Rel16 when UE is configured with CCS from sSCell to P(S)Cell
· FFS the following
· Multi-TRP handling
· PDCCH BD handling when monitoringCapabilityConfig = r16monitoringcapability is configured for any cell




In this contribution, we provide our further views on PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell. 
CSS/USS set handling
According to the agreement made in last meeting, two types of UEs can be supported for CCS from sSCell to P(S)Cell. Type A UE is low end, which cannot be configured with Type3 CSS sets or USS sets in the overlapping [slot/symbol] of P(S)Cell and sSCell. On the other hand, Type B UE can support more flexible scheduling since there is no restriction the configuration on any search space set in the overlapping [slot/symbol] of P(S)Cell and sSCell. Since the PDCCH monitoring capability is defined per slot, the PDCCH monitoring impacts to each other even when the SS sets on P(S)Cell and sSCell are configured in non-overlapping symbols in the overlapping slot. Therefore, ‘overlapping [slot/symbol]’ in the definition should be elaborated as ‘overlapping slot’. 

For each UE type, a USS set with DCI format 0_0/1_0 cannot be configured on sSCell, since there is no CIF field in DCI format 0_0/1_0. Further, for each UE type, a single USS set can be only configured on either P(S)Cell or sSCell but not both. If there are heavy LTE transmissions on the frequency of a DL BWP of P(S)Cell, one, multiple or all USS sets scheduling P(S)Cell transmissions could be configured/offloaded to the sSCell. On the other hand, for a frequency of a DL BWP of P(S)Cell without LTE traffic or with only limited LTE transmissions, a USS set scheduling P(S)Cell transmission can be configured on either P(S)Cell or sSCell. 

Proposal 1: 
· In the definition of Type A UE and Type B UE, replace ‘overlapping [slot/symbol]’ with ‘overlapping slot’.
· A USS set with DCI format 0_0/1_0 is not configured on sSCell. 
· A USS set with DCI format 0_1/1_1/0_2/1_2 is only configured either on P(S)Cell or on sSCell. 

According to the email discussions in RAN1#106-e, it was commonly agreed that there is no limitation on the configuration of Type-0/0A/1/2-CSS sets. For the case that Type-0/0A/1/2/-CSS sets on P(S)Cell overlaps with USS sets on sSCell in a [symbol/slot], three alternatives were identified. The benefit of Alt 1 is not clear, since the UE may anyway need to the decode the PDCCH candidates in Type-0/0A/1/2/-CSS sets. The only complexity reduction of Alt 1 is to avoid checking C-RNTI in addition to SI/RA/P-RNTI which doesn’t provide any meaningful gain. Alt 2 is workable, however, handling maximum BD/CCE for P(S)Cell needs to be clarified. We think at least following two options can be considered. 
· Option A1: the PDCCH monitoring on P(S)Cell is considered as one cell with numerology of P(S)Cell + the PDCCH monitoring on sSCell is considered as one more cell with numerology of sSCell
· Option A2: the PDCCH monitoring on P(S)Cell is considered as  cell with numerology of P(S)Cell + the PDCCH monitoring on sSCell is considered as  cell with numerology of sSCell, . 
Option A1 is not preferred since it means a Type A UE, targeting low complexity, needs to be equipped with the module for PDCCH decoding of two cells for P(S)Cell, which may be even more complicated than Type B UE. On the other hand, option A2 results in similar maximum BD/CCEs as Type B UE. Alt 3 is the most flexible among the 3 alternatives. The similar maximum BD/CCEs handling as Type B UE is applicable to Alt 3 too. Based on above analysis, there is not much difference in maximum BD/CCE handling between Alt 2 and Alt 3. Therefore, Alt 3 is preferred. 

	Proposal 2v3 - from R1-2108661 [3]
· For Type A UE, there is no restriction on Type-0/0A/1/2-CSS sets configurations
· FFS the following for Type A UE
· Alt1: 
· 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
· Alt2: 
· 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.



Proposal 2: For Type A UE, Alt 3 is selected to handle the overlap of Type-0/0A/1/2/-CSS sets on P(S)Cell and USS sets on sSCell in a [symbol/slot].
Max BD/CCE handling
In RAN1#104bis-e, it was agreed that PDCCH overbooking is not applied to sSCell. On the other hand, since both CSS sets and USS sets can be configured in same slot on P(S)Cell for both Type A UE and Type B UE, it is straightforward that PDCCH overbooking is supported on P(S)Cell for both two UE types. 

Proposal 3: For both Type A UE and Type B UE, PDCCH overbooking is supported on P(S)Cell.

NR supports two sets of maximum number of BD/CCE, i.e.  and  as well as   and .  and  are maximum numbers for a single serving cell.  and  are maximum numbers for a group of CA cells with same numerology . Three options are identified to handle the maximum numbers of BD/CCE in P(S)Cell and/or sSCell in RAN1#104bis-e [3], which are further elaborated in last RAN1 meeting for Type B UEs [4]. The three options only mention the maximum number for PDCCH monitoring candidates. It is understood that a similar rule can be applied to derive the maximum of non-overlapped CCEs too. Based on the agreement in RAN1#106-e, the follow down-selection should be between the solutions in ‘[based on Option A/C]’ and ‘[based on Option C]’. 

The commonality of the two solutions is that separate maximum numbers of BDs/CCEs are defined for P(S)Cell and sSCell, which are controlled by two scaling factors, i.e.,  and  in ‘[based on Option A/C]’, or s1 and s2 in ‘[based on Option C]’. For simplicity,  and  are used in both solutions in the following discussions. The P(S)Cell is treated as  cell with numerology  and the sSCell is treated as  cell (for CCS from sSCell to P(S)Cell) with numerology . In a typical case, . On the other hand, since the hard split of max BD/CCE to two cells (P(S)Cell and sSCell), it losses the flexibility on BD/CCE sharing of PDCCH transmission for P(S)Cell. Consequently, it would be helpful to allow . On the other hand, we don’t think  is a meaningful case since P(S)Cell should be at least not deprioritized than other SCells. The amount of PDCCHs that needs to be offloaded from P(S)Cell to sCell is dependent on the traffic load on the LTE cell which may not easily predict, therefore, we prefer to allow high layer configuration for  and  .

Proposal 4: The maximum numbers of BDs/CCEs on P(S)Cell and sSCell are controlled by two scaling factors  and , . The values  can be configured by high layer signalling for a UE. 

The difference between the two solutions‘[based on Option A/C]’ and ‘[based on Option C]’ is whether the maximum BD/CCE for sSCell (for CCS from sSCell to P(S)Cell) is dependent on the numerology of P(S)Cell. 

Solution 1: ‘[based on Option A/C]’

In this solution, the maximum numbers of BDs/CCEs of the sSCell (for CCS from sSCell to P(S)Cell) are determined by both numerology of P(S)Cell and numerology of sSCell. Following this logic, two alternatives can be considered

Alt 1a: the PDCCH monitoring on P(S)Cell and sSCell (scheduling P(S)Cell transmissions) are considered as  cell with numerology of P(S)Cell. The total number of BDs/CCEs for cells with same numerology as P(S)Cell,  is determined by assuming a number of cells with same numerology as P(S)Cell , where P is number of SCells same numerology as P(S)Cell. To model the scaling factors  and ,  applies to P(S)Cell per P(S)Cell slot and  applies to sSCell per P(S)Cell slot. On the other hand, it is straightforward that the per-cell limit of maximum BD/CCEs should be scaled by factors  and , i.e.  applies to P(S)Cell per P(S)Cell slot and  applies to sSCell per P(S)Cell slot. Further, to reflect a practical limit of PDCCH decoding capability which depends on the numerology of sSCell, an additional limit  should be applied to sSCell per sSCell slot since the sSCell is considered as a fraction number  cell. In summary, 

· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot.  is calculated assuming .
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot 
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot

There is a proposal to use  as the additional limit for sSCell. However, it may result in higher requirement on UE capability. As shown in Figure 1, assuming the P(S)Cell is modelled as  cell, the maximum number M= are split and  is allocated to sSCell in a P(S)Cell slot. Figure 1A is applicable since the BD/CCE is evenly distributed in two SCell slots, i.e.,  is normally smaller than . Therefore, the PDCCH monitoring on sSCell is controlled as  cell of sSCell numerology. On the other hand, the BD/CCE may be cumulated to one of the two sSCell slots corresponding to one P(S)Cell slot as shown in Figure 1B. In this case,  can be larger than . Consequently, the maximum BD/CCE in the sScell slot is , which is exactly the full decoding capability of one cell with numerology of sSCell. Effectively, the PDCCH decoding for PCell in Figure 1B becomes  cells, i.e., one cell with numerology of sSCell plus  cell with numerology of P(S)Cell. 



Figure 1: Split of BD/CCE to P(S)Cell and sSCell (M=

Alt 1b: the PDCCH monitoring on P(S)Cell is considered as  cell with numerology of P(S)Cell + the PDCCH monitoring on sSCell (scheduling P(S)Cell transmissions) is considered as  cell with numerology of sSCell. The total number of BDs/CCEs for cells with same numerology as P(S)Cell,  is determined by assuming a number of cells with same numerology as P(S)Cell , where P is number of SCells same numerology as P(S)Cell. Note: Since P(S)Cell is already modelled as a fractional number of  cell, no further scaling to  is needed.  is not applicable to sSCell since the impact of sSCell, i.e. a fraction number  cell is not included to calculate . On the other hand, it is straightforward that the per-cell limit of maximum BD/CCEs should be scaled by factors  and , i.e.  applies to P(S)Cell per P(S)Cell slot and  applies to sSCell per P(S)Cell slot. The total number of BDs/CCEs for cells with same numerology as sSCell per sSCell slot (including PDCCH on sSCell scheduling a PCell transmission),  is determined by assuming a number of cells with same numerology as sSCell , where S is number of SCells same numerology as sSCell. Similarly, no further scaling to  is needed. Further, the per-cell limit of maximum BD/CCEs should be scaled by factor , i.e.  applies to sSCell per sSCell slot. In summary, 

· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot.  is calculated assuming .
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot.  is calculated assuming .
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot

Observation 1: For the solution ‘[based on Option A/C]’, the following two alternatives can be considered, 
· Alt 1a: the PDCCH monitoring on P(S)Cell and sSCell are considered as  cell with numerology of P(S)Cell. 
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot.  is calculated assuming .
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot 
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
· Alt 1b: the PDCCH monitoring on P(S)Cell is considered as  cell with numerology of P(S)Cell + the PDCCH monitoring on sSCell is considered as  cell with numerology of sSCell. 
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot.  is calculated assuming .
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot.  is calculated assuming .
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot

Solution 2: ‘[based on Option C]’

The solution ‘[based on Option C]’ keeps the same principle as legacy NR. That is, the maximum numbers of BDs/CCEs that applied to the PDCCHs transmitted P(S)Cell and sSCell should be derived by the numerology  of P(S)Cell and sSCell respectively. The PDCCH monitoring on P(S)Cell is considered as  cell with numerology of P(S)Cell, and the PDCCH monitoring on sSCell (scheduling P(S)Cell transmissions) is considered as  cell with numerology of sSCell.

The total number of BDs/CCEs for cells with same numerology as P(S)Cell per P(S)Cell slot,  is determined by assuming a number of cells with same numerology as P(S)Cell , where P is number of SCells same numerology as P(S)Cell. Since P(S)Cell is already modelled as a fractional number of  cell, no further scaling to  is needed. The per-cell limit of maximum BD/CCEs should be scaled by factors , i.e.  applies to P(S)Cell per P(S)Cell slot. Similarly, the total number of BDs/CCEs for cells with same numerology as sSCell per sSCell slot (including PDCCH on sSCell scheduling a PCell transmission),  is determined by assuming a number of cells with same numerology as sSCell , where S is number of SCells with same numerology as sSCell. No further scaling to  is needed. Further, the per-cell limit of maximum BD/CCEs should be scaled by factor , i.e.  applies to sSCell per sSCell slot. In summary, 

· the PDCCH monitoring on P(S)Cell is considered as  cell with numerology of P(S)Cell + the PDCCH monitoring on sSCell is considered as  cell with numerology of sSCell. 
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot.  is calculated assuming .
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot.  is calculated assuming .

Observation 2: For the solution ‘[based on Option C]’,  
· the PDCCH monitoring on P(S)Cell is considered as  cell with numerology of P(S)Cell + the PDCCH monitoring on sSCell is considered as  cell with numerology of sSCell. 
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot.  is calculated assuming .
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot.  is calculated assuming .

Following the NR principle that the maximum numbers of BDs/CCEs are determined by the numerology  of the scheduling cell, the maximum numbers of BD/CCEs of sSCell should be at least mainly determined by numerology of sSCell. Therefore, our preference is ‘[based on Option C]’. Regarding the solution ‘[based on Option A/C]’, Alt 1b is more reasonable than Alt 1a. However, the application of maximum numbers of BD/CCEs determined by numerology of P(S)Cell to sSCell has negative impact the division of overall PDCCH monitoring capability of  cells.

As discussed in section 2, maximum BD/CCE handling can be common to Type A UE and Type B UE. The only difference is some limitation/simplification of search space set configuration, i.e. USS sets are configured in TDM manner on P(S)Cell and sSCell. 

Proposal 5: the maximum BDs/CCEs is determined by solution ‘[based on Option C]’,  
· the PDCCH monitoring on P(S)Cell is considered as  cell with numerology of P(S)Cell + the PDCCH monitoring on sSCell is considered as  cell with numerology of sSCell. 
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot.  is calculated assuming .
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot.  is calculated assuming .
· The maximum BD/CCE handling applies to both Type A UE and Type B UE. 
Search space set configuration
In RAN1 meeting #104bis-e [3], some details regarding the search space set configuration were discussed. It is agreed that CIF=0 will be used by sSCell and a CIF value other than 0 will be assigned to P(S)Cell. In RAN1#106-e, it is agreed that at least the number of PDCCH monitoring candidates monitored on sSCell (for scheduling P(S)Cell) is indicated to the UE using the SS set linking approach as in Rel16. One open issue that was discussed but not concluded is whether to introduce another set of parameters monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration for the PDCCH monitoring candidates monitored on sSCell (for scheduling P(S)Cell). 

No problem was identified for the NR design that only nrofCandidates is configured for a USS set of a scheduled cell in cross-carrier scheduling. Therefore, the existing behaviour should be reused as least for CCS from sSCell to another SCell. On the other hand, it is generally preferred to apply the common design to all scheduled cells (P(S)Cell and other scheduled SCells) that are scheduled by the sSCell. Our preference is to maximize reusing existing CCS behaviour. In summary, for a USS set configured for CCS from sSCell to P(S)Cell, only searchSpaceId and nrofCandidates are configured for the USS set. Accordingly, for a USS set targeting self-scheduling on P(S)Cell, all the related parameters in the search space set configuration should be provided. 

Proposal 6: For the search space set configuration of P(S)Cell, 
· For a USS set configured for CCS from sSCell to P(S)Cell, only searchSpaceId and nrofCandidates are configured for the USS set. 
· For a USS set targeting self-scheduling on P(S)Cell, all the related parameters in the search space set configuration should be provided.
Other aspects
It is already agreed that both SCell activation/deactivation and dormancy operations can apply to the sSCell. In both cases, there is no PDCCH monitoring on the sSCell. An open issue is how to support the scheduling of P(S)Cell when sSCell is deactivated or dormant. 

Since it is supported to configure some USS sets on P(S)Cell for self-scheduling for both Type A UE and Type B UE, the PDSCH/PUSCH transmissions on P(S)Cell are still schedulable when sSCell is deactivated or dormant. However, there is a loss on gNB scheduling flexibility including increased PDCCH blocking. That is, the PDCCH monitoring for P(S)Cell is effectively treated as  cell since the  sSCell is unavailable. If certain enhancement is to be considered, one solution could be to apply a full PDCCH monitoring capability to P(S)Cell, i.e., , when sSCell is deactivated or dormant. By this way, if there are extra configured USS sets on P(S)Cell that are originally dropped due to PDCCH overbooking on P(S)Cell, the extra USS sets become useful hence provide better scheduling performance. Note: it is up to gNB to configure more USS sets and do overbooking for the USS sets on P(S)Cell. A further enhancement is to do implicit SSSG switching when sSCell is deactivated or dormant. The new SSSG configuration could include more USS sets for flexible self-scheduling. for efficient operation of SSSG switching, the switching to full PDCCH monitoring capability to P(S)Cell, i.e.,  is a pre-condition. 

Observation 3: when sSCell is deactivated or dormant, the PDSCH/PUSCH transmissions on P(S)Cell are still schedulable by the PDCCHs configured on P(S)Cell, however, certain limitation on scheduling flexibility is incurred. 

Proposal 7: when sSCell is deactivated or dormant, certain enhancements for the scheduling of a transmission on P(S)Cell can be considered, e.g.,
· apply a full PDCCH monitoring capability to P(S)Cell, i.e., .  
· trigger SSSG switching implicitly 

In the SCell dormancy operation in Rel-16, when CCS is configured for a UE, DCI format 0_1/1_1 on primary cell with CIF≠0’ is not used for Case 1 or 2 Scell dormancy indication. On the other hand, when CCS from sSCell to PCell/PSCell is configured, it is agreed that CIF=0 used for sSCell self-scheduling, and CIF for sSCell to PCell cross-carrier scheduling is explicitly configured using RRC signalling. Therefore, it needs to clarify which CIF values is applicable in the DCI triggering SCell dormancy when CCS from sSCell to PCell/PSCell is configured. We prefer to allow the triggering by a DCI format 0_1/1_1 on either P(S)Cell or the sSCell. The CIF value in the DCIs should be set to the CIF value of P(S)Cell. 

Proposal 8: To trigger SCell dormancy switching when CCS from sSCell to PCell/PSCell is configured,
· The triggering DCI format 0_1/1_1 can be on either P(S)Cell or the sSCell. 
· The CIF value in the DCI formats should be set to the CIF value of P(S)Cell.

One FFS point in last meetings is whether CCS from sSCell to P(S)Cell can be supported for MBS transmission on P(S)Cell. It is expected to be a simple extension to support this feature. CA with slot synchronization but unaligned frame timing is specified in Rel-16 MR-DC. It should be straightforward to extend CCS from sSCell to P(S)Cell in the scenario of the unaligned CA. 

Proposal 9:
· The DCI format scheduling MBS transmission on P(S)Cell can be configured on sSCell
· CCS from sSCell to P(S)Cell is supported for the unaligned CA.  

It was agreed that OOO is not allowed for PDCCH on P(S)Cell and/or sSCell and PDSCH/PUSCH on P(S)Cell . The existing specification on OOO handling is cited. 

	for any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.

For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.



The above specification applies to the case that PDCCH for a cell is transmitted in the same scheduling cell. On the other hand, it is necessary to clarify the definition of ‘symbol i’ and ‘symbol j’ when P(S)Cell and sSCell have different SCS. 

Proposal 10: It is necessary to clarify the definition of ‘symbol i’ and ‘symbol j’ in OOO handling when P(S)Cell  and sSCell have different SCS. 
Conclusion
In this contribution, we provide our views on SCell scheduling P(S)Cell transmissions. we make the following observations and proposals. 
Observation 1: For the solution ‘[based on Option A/C]’, the following two alternatives can be considered, 
· Alt 1a: the PDCCH monitoring on P(S)Cell and sSCell are considered as  cell with numerology of P(S)Cell. 
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot.  is calculated assuming .
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot 
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
· Alt 1b: the PDCCH monitoring on P(S)Cell is considered as  cell with numerology of P(S)Cell + the PDCCH monitoring on sSCell is considered as  cell with numerology of sSCell. 
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot.  is calculated assuming .
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot.  is calculated assuming .
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot

Observation 2: For the solution ‘[based on Option C]’,  
· the PDCCH monitoring on P(S)Cell is considered as  cell with numerology of P(S)Cell + the PDCCH monitoring on sSCell is considered as  cell with numerology of sSCell. 
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot.  is calculated assuming .
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot.  is calculated assuming .

Observation 3: when sSCell is deactivated or dormant, the PDSCH/PUSCH transmissions on P(S)Cell are still schedulable by the PDCCHs configured on P(S)Cell, however, certain limitation on scheduling flexibility is incurred. 

Proposal 1: 
· In the definition of Type A UE and Type B UE, replace ‘overlapping [slot/symbol]’ with ‘overlapping slot’.
· A USS set with DCI format 0_0/1_0 is not configured on sSCell. 
· A USS set with DCI format 0_1/1_1/0_2/1_2 is only configured either on P(S)Cell or on sSCell. 

Proposal 2: For Type A UE, Alt 3 is selected to handle the overlap of Type-0/0A/1/2/-CSS sets on P(S)Cell and USS sets on sSCell in a [symbol/slot].

Proposal 3: For both Type A UE and Type B UE, PDCCH overbooking is supported on P(S)Cell.

Proposal 4: The maximum numbers of BDs/CCEs on P(S)Cell and sSCell are controlled by two scaling factors  and , . The values  can be configured by high layer signalling for a UE. 

Proposal 5: the maximum BDs/CCEs is determined by solution ‘[based on Option C]’,  
· the PDCCH monitoring on P(S)Cell is considered as  cell with numerology of P(S)Cell + the PDCCH monitoring on sSCell is considered as  cell with numerology of sSCell. 
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot.  is calculated assuming .
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot.  is calculated assuming .
· The maximum BD/CCE handling applies to both Type A UE and Type B UE. 

Proposal 6: For the search space set configuration of P(S)Cell, 
· For a USS set configured for CCS from sSCell to P(S)Cell, only searchSpaceId and nrofCandidates are configured for the USS set. 
· For a USS set targeting self-scheduling on P(S)Cell, all the related parameters in the search space set configuration should be provided.

Proposal 7: when sSCell is deactivated or dormant, certain enhancements for the scheduling of a transmission on P(S)Cell can be considered, e.g.,
· apply a full PDCCH monitoring capability to P(S)Cell, i.e., .  
· trigger SSSG switching implicitly 

Proposal 8: To trigger SCell dormancy switching when CCS from sSCell to PCell/PSCell is configured,
· The triggering DCI format 0_1/1_1 can be on either P(S)Cell or the sSCell. 
· The CIF value in the DCI formats should be set to the CIF value of P(S)Cell.

Proposal 9:
· The DCI format scheduling MBS transmission on P(S)Cell can be configured on sSCell
· CCS from sSCell to P(S)Cell is supported for the unaligned CA.  

Proposal 10: It is necessary to clarify the definition of ‘symbol i’ and ‘symbol j’ in OOO handling when P(S)Cell  and sSCell have different SCS. 
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