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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



BD/CCE handling will be discussed in the next section and hence will not be handled in this section.

For Type A, handling of Type-0/0A/1/2-CSS sets has not been concluded. One option is that Type-0/0A/1/2-CSS sets and search space sets on sSCell for cross-carrier scheduling to P(S)Cell are configured such that they are NOT monitored in overlapping [slot/symbol] of P(S)Cell and sSCell. From a UE complexity point of view, this has no problem. However, this configuration is restrictive to the network side. Monitoring occasions of Type-0/0A/1/2-CSS sets are typically based on MIB-config/SSB-index (for SS#0) and/or SIB config (for non-SS#0). Disallowing monitoring SS sets on sSCell and Type-0/0A/1/2-CSS sets in overlapping [slot/symbol] requires either or both of (1) losing PDCCH monitoring opportunities on sSCell for cross-carrier scheduling to P(S)Cell and/or (2) restrictive MIB/SIB configuration just because of some UEs enabling cross-carrier scheduling from sSCell to P(S)Cell in the cell, which must be undesirable. Considering that the NR is designed such that processes for “broadcast PDCCH/data” and “unicast PDCCH/data” can be separated and parallel, the second option should be appropriate.
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Fig. 1	Examples of PDCCH monitoring configurations for Type A UEs

Regarding the time-scale described as “overlapping [slot/symbol] of P(S)Cell and sSCell” in the agreement, it should be a P(S)Cell slot. More importantly, we think that the PDCCH monitoring occasion for any search space sets on P(S)Cell and sSCell for scheduling P(S)Cell PDSCH/PUSCH should be in a single span of 3 consecutive OFDM symbols of a P(S)Cell slot when a UE is configured with cross-carrier scheduling from sSCell to P(S)Cell. When sSCell SCS is higher than P(S)Cell SCS, multiple SCell slots fall within a P(S)Cell slot duration. Monitoring PDCCH for cross-carrier scheduling to P(S)Cell on every sSCell slot for this case is equivalent to monitoring PDCCH multiple times within a P(S)Cell slot, which is effectively same as “PDCCH monitoring case 2”. The case 2 is not the feature intended/necessary for DSS. 

In addition, we further consider that the single span where PDCCH is monitored should be the first 3 OFDM symbols of a P(S)Cell slot. In Rel-15, PDCCH monitoring case 1-1 and case 1-2 have been supported, where for case 1-1, PDCCH monitoring is within the first 3 consecutive OFDM symbols of a slot and for case 1-2, PDCCH monitoring is within any 3 consecutive OFDM symbols of a slot. According to the motivation papers and WID of Rel-17 DSS enhancement WI, the scenarios where the cross-carrier scheduling from sSCell to P(S)Cell is demanded are the case where LTE-PDCCH + LTE-CRS spans on the first 1-2 OFDM symbols of a subframe, and NR-PDCCH is mapped on the 3rd (or 2nd + 3rd) OFDM symbol of the slot, which is PDCCH monitoring case 1-1. Cross-carrier scheduling from sSCell to P(S)Cell resolves the PDCCH capacity issue of PDCCH monitoring case 1-1. For DSS scenario, system can choose one of the two options – either PDCCH monitoring case 1-2 without cross-carrier scheduling from sSCell to P(S)Cell, or PDCCH monitoring case 1-1 with cross-carrier scheduling from sSCell to P(S)Cell. Examples of cross-carrier scheduling from sSCell to P(S)Cell where the PDCCH monitoring is within the first 3 OFDM symbols of the P(S)Cell slot are illustrated in Fig. 2. 
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Fig. 2	Examples of PDCCH monitoring configurations once per P(S)Cell slot when SCSs are different

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 monitoring on P(S)Cell is supported 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”, this could be discussed as part of UE feature unless specific RAN1 specification impact is expected for unaligned CA. Regarding “FFS: Whether the above applies for multicast PDSCH”, this can be discussed under MBS WI if demanded but not here. 

Proposal 1: Update the above RAN1#105-e agreement as follows.
	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 fFollowing 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
· There is no restriction on Type-0/0A/1/2-CSS sets configurations
· In overlapping 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 search space sets on sSCell, 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
· 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 both Type A and Type B UE
· All search space configurations monitored on sSCell for cross-carrier scheduling to P(S)Cell and these monitored on the P(S)Cell are within a single span of 3 consecutive OFDM symbols of a P(S)Cell slot
· The single span is the first 3 OFDM symbols of a P(S)Cell slot
· 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



3. BD/CCE handling
At the RAN1#105-e meeting, following FL proposal has been captured in the Chairman’s note [1]:
	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



As a high level principle, for both Type A and Type B, on a P(S)Cell slot where a UE monitors PDCCH on both P(S)Cell and sSCell, we would like to make sure that the numbers of BDs and non-overlapped CCEs on each scheduling cell do not exceed a value, where the value is common across all the P(S)Cell slots. Looking at the P(S)Cell with SCS configuration m, if no cross-carrier scheduling from sSCell to P(S)Cell is configured, maximum number of BDs can be . With cross-carrier scheduling from sSCell to P(S)Cell, some BD capabilities are taken by the sSCell from this. As a result, the maximum number of BDs on the P(S)Cell for this case can be represented as , where 0 < a < 1 and the remaining  BDs can potentially be available for sSCell cross-carrier scheduling to P(S)Cell. However, there is another limiting factor on sSCell PDCCH monitoring - on the sSCell with SCS configuration m1, maximum number of BDs for a given scheduled cell does not exceed  in a sSCell slot. Combining the two aspects, maximum number of BDs for sSCell PDCCH that schedules P(S)Cell PDSCH/PUSCH in a P(S)Cell slot is the minimum between  and .

As for the granularity of a, a couple of levels (e.g., 3 levels = 0.25, 0.5, 0.75) should be sufficient. 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. 

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 

4. Wideband RS for CORESET
Wideband RS for CORESET (a CORESET with the higher layer parameter precoderGranularity set to allContiguousRB) requires a specific way of channel estimation from a UE point of view – the channel estimation process is not dependent on the number of non-overlapped CCEs for PDCCH candidates to monitor – rather, it depends on the CORESET configuration. However, for legacy cases, the channel estimation complexity for wideband RS CORESET is counted by the number of non-overlapped CCEs for monitored PDCCH candidates (i.e., same as for normal CORESET) for simplicity. For example, even if there is only one PDCCH candidate with AL=1 to be monitored in a wideband RS CORESET, the UE has to perform channel estimation using the DMRS REs of the entire CORESET while the channel estimation complexity is same as for one non-overlapped CCE in normal CORESET. For Rel-17 cross-carrier scheduling from sSCell to P(S)Cell, UEs are required to be able to process PDCCHs for scheduling P(S)Cell on two scheduling cells at the same time. Wideband RS for CORESET on one or both of P(S)Cell and sSCell may require extra processes for channel estimation, especially when the number of non-overlapped CCEs within the wideband RS CORESET is small. RAN1 should consider relaxation of the UE complexity for channel estimation with wideband RS CORESET on sSCell and/or P(S)Cell when the UE is configured with cross-carrier scheduling from sSCell to P(S)Cell, e.g., a fixed number of CCEs is assumed for a wideband RS CORESET.

Proposal 3: Relax UE complexity for channel estimation with wideband RS CORESET on sSCell and/or P(S)Cell when a UE is configured with cross-carrier scheduling from sSCell to P(S)Cell

5. 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.
This configuration is not feasible for cross-carrier scheduling from sSCell to P(S)Cell when the P(S)Cell and the sSCell use different SCSs. In order to enable configuring USS set(s) on sSCell for cross-carrier scheduling to P(S)Cell with monitoring periodicity of once per P(S)Cell slot while those for self-scheduling on sSCell with monitoring periodicity of once per sSCell slot, independent/different configurations of monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in the RRC IE SearchSpace should be allowed for scheduling P(S)Cell from sSCell. 

Proposal 4: 
· 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
· No change for ASN.1 signalling or for search space ID based linkage between scheduling cell and scheduled cell is necessary

6. 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 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 5: 
· When CCS from sSCell to P(S)Cell is configured
· 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

7. 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 6: 
· 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 considered.

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

Proposal 1: Update the above RAN1#105-e agreement as follows.
	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 fFollowing 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
· There is no restriction on Type-0/0A/1/2-CSS sets configurations
· In overlapping 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 search space sets on sSCell, 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
· 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 both Type A and Type B UE
· All search space configurations monitored on sSCell for cross-carrier scheduling to P(S)Cell and these monitored on the P(S)Cell are within a single span of 3 consecutive OFDM symbols of a P(S)Cell slot
· The single span is the first 3 OFDM symbols of a P(S)Cell slot
· 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



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: Relax UE complexity for channel estimation with wideband RS CORESET on sSCell and/or P(S)Cell when a UE is configured with cross-carrier scheduling from sSCell to P(S)Cell

Proposal 4: 
· 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
· No change for ASN.1 signalling or for search space ID based linkage between scheduling cell and scheduled cell is necessary

Proposal 5: 
· When CCS from sSCell to P(S)Cell is configured
· 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 6: 
· 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 considered.
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