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1. Background
In this contribution, we share our views on remaining issues for cross-carrier scheduling from an SCell to the PCell/PSCell. 

2. PDCCH monitoring
At the RAN1#105-e meeting, following agreements have been made [1]. The yellow highlights are the remaining issues on the agreements.
	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



For Type A, following has been proposed by FL at the RAN1#106-e meeting:
	Proposal:
· 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.



We believe that limiting unicast PDCCH only on one of the scheduling cells at a given time is essential for Type A UE and hence either Alt.1 or Alt.2 is necessary. Between them, Alt.2 is more restrictive for the network side, since the USS sets on the sSCell is not available in all slots as long as the UE monitors Type-0/0A/1/2-CSS sets on P(S)Cell. Moreover, the behavior “UE drops the overlapped USS sets on sSCell” is unclear in various aspects, e.g., whether BDs/CCEs in the dropped USS sets on sSCell are counted, whether the dropped USS sets on sSCell are different from the USS sets dropped due to other reasons (PDCCH overbooking, beam misalignment, conflict with TDD UL-DL configuration, etc) and so on. With Alt.1, broadcast PDCCHs are still available in Type-0/0A/1/2-CSS sets at every slots, and unicast PDCCHs are also available at every slots (either in CSS/USS sets of PCell/PSCell or in USS sets of sSCell). In other words, with Alt.1, there is no loss of scheduling flexibility for both broadcast and unicast on P(S)Cell. Alt.3 is quite unclear and should not be an option. Therefore, we propose the following.

Proposal 1:
· For Type A UE, there is no restriction on Type-0/0A/1/2-CSS sets configurations
· Alt.1 is adopted:
· 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

The example outlook of how a Type A UE monitors PDCCH on PCell/PSCell and sSCell is in Figure 1.
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Fig. 1	Example of PDCCH monitoring configurations for Type A UEs

Regarding “FFS: switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated” for Type A and Type B UEs, we do not think support of this switching is essential considering that unicast PDCCH is available on P(S)Cell for both types of UEs.

Regarding “FFS: Whether Type A is specified or is Type B with restrictions (as part of UE features discussion)”, RAN1 do not need to conclude this for now. 

Regarding “FFS: Whether the UE can be configured with unaligned CA”, we consider that the frame boundary shall be aligned between P(S)Cell and sSCell since they share the scheduled cell. Unaligned CA could be possible between carriers other than P(S)Cell and sSCell, or between P(S)Cell + sSCell and the other carrier(s).

Regarding “FFS: Whether the above applies for multicast PDSCH”, this can be discussed under MBS WI if demanded but not here. 

3. BD/CCE handling
On BD/CCE handling, following agreement has been made [2].
	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



First of all, we think it is necessary to clarify that basic PDCCH monitoring should be slot-level, same as for Case 1-1 and Case 1-2 of Rel-15 PDCCH monitoring. When sSCell SCS is higher than P(S)Cell SCS, multiple sSCell slots fit within a P(S)Cell slot duration. Monitoring PDCCH for cross-carrier scheduling to P(S)Cell on every sSCell slots for this case is equivalent to “PDCCH monitoring case 2”, which is not the feature intended/necessary for DSS. Therefore, the basic operation for Rel-17 DSS should be slot-level monitoring, as in Figure 2. With this understanding, the alternative described as “[based on Option C]” is not preferable.
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Fig. 2	Example of PDCCH monitoring configurations once per P(S)Cell slot when SCSs are different

The alternative “[based on Option A/C]” is as follows.
· 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)
· [bookmark: _Hlk83289348]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

For this yellow part, we consider  is the appropriate choice. For the SCS configuration m1, the UE has a SCS BD limit across all the CCs. The UE reports pdcch-BlindDetectionCA taking into account its hardware limit on the number of BDs for the given SCS and hence, requiring  BDs is not preferable. 

As for the configurations of a and b, a couple of levels (e.g., 3 levels = 0.25, 0.5, 0.75) for a can be considered. We do not prefer to enable excessively high resolution, e.g., splitting the budget of 56 CCEs as 1 CCE on sSCell and 55 CCEs on P(S)Cell is not preferred. For b, b = 1 - a should be sufficient.

Proposal 2: 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 (), for both Type A and Type B, on each P(S)Cell slot:
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates 
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates
· UE is not required to monitor more than  PDCCH BD candidates
· Consider to support an RRC parameter 

Regarding FFS on multi-TRP handling, operation of “multi-DCI multi-TRP” using two CORESETPoolIndex values when the scheduling cell and scheduled cell are different is generally not supported in Rel-16 and Rel-17 MIMO WIs. With this, it is observed that two CORESETPoolIndex values cannot be configured on the CORESET(s) on sSCell for cross-carrier scheduling to P(S)Cell. It would still be possible to consider supporting two CORESETPoolIndex values to CORESETs on the P(S)Cell. However, this should be far from the desired operation of DSS scenario – multi-DCI multi-TRP operation only on P(S)Cell is an opposite approach from PDCCH offloading from P(S)Cell to sSCell. We have a view that if multi-DCI multi-TRP is desired for cross-carrier scheduling from sSCell to P(S)Cell, then it should be addressed as part of the general support for multi-DCI multi-TRP with cross-carrier scheduling. 

Regarding FFS on PDCCH BD handling when monitoringCapabilityConfig = r16monitoringcapability is configured for any cell, we think enabling r16monitoringcapability for this cross-carrier scheduling operation is unnecessary optimization. There are various options to enable Rel-16 span-based PDCCH monitoring even when a DSS carrier is part of the CA configuration; (1) r16monitoringcapability is enabled on any carrier(s) without cross-carrier scheduling from sSCell to P(S)Cell, (2) P(S)Cell change before enabling r16monitoringcapability, etc. 

4. Search space monitoring configuration
According to the legacy cross-carrier scheduling, PDCCH monitoring occasions for cross-carrier scheduling is determined based on the higher-layer parameters (monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in the RRC IE SearchSpace) configured on a scheduling cell for any of the scheduled cells from the scheduling cell. For each scheduled cell, RRC IE SearchSpace having the same index as the SearchSpace for the scheduling cell is configured, just for providing the number of PDCCH candidates per AL. In other words, there is no way to control the PDCCH monitoring occasions for different scheduled cells.
For cross-carrier scheduling from sSCell to P(S)Cell when the P(S)Cell and the sSCell use different SCSs, as discussed in Section 2, PDCCH monitoring on sSCell for P(S)Cell cross-carrier scheduling should be once per P(S)Cell slot duration. In order to enable different monitoring periodicities for sSCell self-scheduling and P(S)Cell cross-carrier scheduling (as in Fig. 2), independent/different configurations of monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in the RRC IE SearchSpace, should be allowed for scheduling P(S)Cell from sSCell. This does not require ASN.1 change – only updating description of RRC IE SearchSpace is necessary.
Note that on P(S)Cell, some SearchSpace are configured for actual PDCCH monitoring and some other SearchSpace are configured just for providing parameters to the linked sSCell SearchSpace. The spec should clearly distinguish them. Simple way is to specify that SearchSpace on P(S)Cell having linkage with SearchSpace on sSCell in the same cell-group/PUCCH-group is not monitored on P(S)Cell.

Proposal 3: 
· Support independent configurations of the parameters for PDCCH monitoring occasions (monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in the RRC IE SearchSpace) for scheduling P(S)Cell from the sSCell
· Clarify that SearchSpace configured on P(S)Cell having linked SearchSpace on sSCell in the same cell-group/PUCCH-group is not monitored on the P(S)Cell


5. Carrier indication field
At the RAN1#105-e meeting, following agreement have been made:
	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



A UE may monitor non-fallback DCI formats on both P(S)Cell and sSCell. The above agreement mentioned only about non-fallback DCI format on the sSCell and hence, a clarification is necessary on CIF value for non-fallback DCI format on the P(S)Cell. Three options can be considered:
· Opt.1: No CIF field is present
· Opt.2: CIF field is present and the value of the CIF is fixed to 0
· Opt.3: CIF field is present and the value of the CIF is same as the value configured for the CIF for sSCell to PCell cross-carrier scheduling

Opt.1 causes different DCI format sizes for the same non-fallback DCI format in different scheduling cells for the given scheduled cell and hence is not preferred. Between Opt.2 and Opt.3, Opt.2 is preferred since Opt.3 causes nCI > 0 in the hash function of USS set(s) monitored on the P(S)Cell. 

Proposal 4: 
· When CCS from sSCell to P(S)Cell is configured
· DCI size budget “3+1” is kept unchanged across search space sets monitored on P(S)Cell and on sSCell for cross-carrier scheduling to P(S)Cell
· For non-fallback DCI formats monitored on the P(S)Cell, CIF is present and is set to 0 for P(S)Cell self-scheduling

6. Numerology of P(S)Cell
At the RAN1#105-e meeting, it was pointed out that for the target DSS scenarios, P(S)Cell SCS must be 15kHz and hence, RAN1 should not consider the case where P(S)Cell SCS is higher than sSCell SCS. This should be clear so that redundant effort can be avoided.

Proposal 5: 
· For CCS from sSCell to P(S)Cell, the P(S)Cell SCS is 15kHz in this work item.
· The case where P(S)Cell SCS is higher than sSCell SCS is not supported.

7. Conclusion
In this contribution, we discussed cross-carrier scheduling from an SCell to the P(S)Cell and proposed following.

Proposal 1:
· For Type A UE, there is no restriction on Type-0/0A/1/2-CSS sets configurations
· Alt.1 is adopted:
· 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

Proposal 2: 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 (), for both Type A and Type B, on each P(S)Cell slot:
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates 
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates
· UE is not required to monitor more than  PDCCH BD candidates
· Consider to support an RRC parameter 

Proposal 3: 
· Support independent configurations of the parameters for PDCCH monitoring occasions (monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in the RRC IE SearchSpace) for scheduling P(S)Cell from the sSCell
· Clarify that SearchSpace configured on P(S)Cell having linked SearchSpace on sSCell in the same cell-group/PUCCH-group is not monitored on the P(S)Cell

Proposal 4: 
· When CCS from sSCell to P(S)Cell is configured
· DCI size budget “3+1” is kept unchanged across search space sets monitored on P(S)Cell and on sSCell for cross-carrier scheduling to P(S)Cell
· For non-fallback DCI formats monitored on the P(S)Cell, CIF is present and is set to 0 for P(S)Cell self-scheduling

Proposal 5: 
· For CCS from sSCell to P(S)Cell, the P(S)Cell SCS is 15kHz in this work item.
· The case where P(S)Cell SCS is higher than sSCell SCS is not supported.
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