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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 aspects

At the RAN1#104-e meeting, following agreements have been made:
	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



The working assumption enables allowing both types of UEs:
· (Type-1) supporting USS set(s) for non-fallback DCI formats only on the sSCell and 
· (Type-2) supporting USS set(s) for non-fallback DCI formats on both the sCell and the PCell/PSCell.


2.1	Handling USS set(s) for fallback DCI formats

Whether/how to support USS set(s) for fallback DCI formats has not yet been addressed. There were extensive discussions on (1) complexity due to blind monitoring for multiple DCI formats across multiple scheduling cells for a given scheduled cell, and (2) complexity due to BD/CCE distribution with possible PDCCH overbooking across multiple scheduling cells for a given scheduled cell. Since USS set(s) for fallback DCI formats still has the issue of (2), we consider that monitoring USS set(s) for fallback DCI formats for PDSCH/PUSCH on PCell/PSCell monitored on PCell/PSCell should be treated similar to the USS set(s) for non-fallback DCI formats. More specifically, whether to support it on the PCell/PSCell should be up to the UE capability. This can be included in the working assumption made in the last meeting.

Proposal 1: 
· Add the following into the working assumption:
· When CCS from sSCell to PCell/PSCell is configured, UE can be configured to monitor DCI formats 0_0/1_0 that schedule PDSCH/PUSCH on PCell/PSCell on PCell/PSCell USS set(s)
· Specs also allow UEs that cannot be configured to monitor DCI formats 0_0/1_0 that schedule PDSCH/PUSCH on PCell/PSCell on PCell/PSCell USS set(s). Capability signaling details, if any, can be handled during the UE capability discussion for Rel17

With the above, the Type-1 and Type-2 UEs can be rephrased as follows.
· (Type-1) supporting USS set(s) only on sSCell and 
· (Type-2) supporting USS set(s) on both sSCell and PCell/PSCell.
· FFS: whether sub-types are to be introduced for USS set(s) for fallback DCI formats


2.2	BD/CCE determination and PDCCH overbooking for Type-1 UE
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Fig. 1	Example configuration for a UE not supporting USS set(s) on the PCell/PSCell.

According to the spec, PDCCH overbooking is not supported for CSS set(s) and for USS set(s) for PDCCH candidates scheduling PDSCH/PUSCH on a SCell. With this, for Type-1 UE, PDCCH overbooking is not allowed at all for any search space sets. Network has to configure search space sets to the UE so that the number of BDs and non-overlapping CCEs for PDCCH candidates for scheduling PDSCH/PUSCH on the PCell/PSCell within a slot or within a PDCCH monitoring span do not exceed the predetermined values.

For Type-1 UE, it is sufficient to reserve a minimum number of PDCCH candidates for CSS set(s) on the PCell/PSCell. The maximum available numbers of BDs and non-overlapping CCEs for PDCCH candidates for USS set(s) on the sSCell scheduling PDSCH/PUSCH on the PCell/PSCell can be the remaining ones other than those reserved for CSS sets. In order to realize this without requiring UE to dynamically distribute PDCCH processes across scheduling cells, semi-static determination of the numbers of BD/CCE for each scheduling cell should be adopted. Figure 2 illustrates an example where the number of BDs available for PDCCH candidates for USS set(s) on the sSCell scheduling PDSCH/PUSCH on the PCell/PSCell is determined as {total BD limit – max BD number on the PCell/PSCell across all the slots}. In the example, the “max BD number on the PCell/PSCell across all the slots” occurs on slot #2. Network shall configure USS set(s) on the sSCell for scheduling PDSCH/PUSCH on the PCell/PSCell so that the numbers of BD/CCE for PDCCH candidates for USS set(s) on the sSCell scheduling PDSCH/PUSCH on the PCell/PSCell does not exceed the value on any of the slots.
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Fig. 2	Numbers of BDs across slots for PCell/PSCell and for sSCell for PDCCH candidates for scheduling PDSCH/PUSCH on PCell/PSCell for Type-1 UE.

Proposal 2: For the UE supporting USS set(s) for PDSCH/PUSCH on PCell/PSCell only on sSCell:
· Total numbers of BDs and non-overlapping CCEs for PDCCH candidates across PCell/PSCell and sSCell for scheduling PDSCH/PUSCH on PCell/PSCell do not exceed the per-cell limits.
· The definition of per-cell limits is the same as legacy releases, except for the case where different SCSs are used for PDCCH on PCell/PSCell and on sSCell
· If different SCSs are used for PDCCH on PCell/PSCell and on sSCell, the lower SCS between the two SCSs is used as the reference SCS for determining the per-cell limits.
· Maximum numbers of BDs and non-ovelapping CCEs for PDCCH candidates for USS set(s) on sSCell scheduling PDSCH/PUSCH on PCell/PSCell are determined by {per-cell limits} – {Maximum numbers of BDs and non-overlapping CCEs for PDCCH candidates on PCell/PSCell across all the slots}.
· PDCCH overbooking is not allowed on any search space sets


2.3	BD/CCE determination and PDCCH overbooking for Type-2 UE
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Fig. 3	Example configuration for a UE supporting USS set(s) on the PCell/PSCell and on the sSCell.

For Type-2 UE, USS sets for scheduling PDSCH/PUSCH on the PCell/PSCell can be configured on both the PCell/PSCell and the sSCell. RAN1 needs to clarify whether/how to perform PDCCH overbooking for USS set(s). Looking back to the legacy PDCCH monitoring procedure, PDCCH overbooking for the PCell/PSCell has been implemented in a way that per-cell limits are semi-statically determined based on the higher-layer configurations based on the number of DL cells and UE capability signalling, and then PDCCH overbooking for the PCell/PSCell is performed using the per-cell limits. There was no case where the available numbers of BDs and non-overlapping CCEs for a scheduling cell is impacted by the numbers for the other scheduling cell. This principle should be kept unchanged even for the Rel.17 DSS cross-carrier scheduling. BD/CCE number determination with possibly PDCCH overbooking across multiple scheduling cells over different slots should not be allowed.

[bookmark: _Hlk67076163]Therefore, we propose to introduce an RRC parameter that provides “virtual per-cell limits” for numbers of BDs and non-overlapping CCEs on the PCell/PSCell. The “virtual per-cell limits” is configurable but shall be in the range from {maximum numbers of BDs and non-overlapping CCEs for PDCCH candidates for CSS set(s) on PCell/PSCell across all the slots} to {the per-cell limits derived as min{single-cell limits, CA limits} based on the number of DL cells for CA, the reported UE capability pdcch-BlindDetectionCA, and the reference SCS (e.g., 15kHz)}. Once it is configured, the PDCCH overbooking for USS set(s) on the PCell/PSCell could occur with the “virtual per-cell limits” as the cap for the maximum numbers of BDs and non-overlapping CCEs on the PCell/PSCell. Figure 4 illustrates an example of BD distribution. The RRC configured “virtual per-cell limit” can be the value between the max number of BDs on the PCell/PSCell across the slots that occurs on slot #2, and the total BD limit for the PCell/PSCell. Network can configure USS set(s) on the PCell/PSCell so that PDCCH overbooking based on the “virtual per-cell limit” can occur. UE performs PDCCH overbooking based on this limit, regardless of how many BDs are carried out on the sSCell. Network shall configure USS set(s) on the sSCell so that the value does not exceed {total BD limit for PCell/PSCell} – {virtual per-cell limit, i.e., RRC configured BD limit on PCell/PSCell}. 
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Fig. 4	An example of numbers of BDs across slots for PCell/PSCell and for sSCell for PDCCH candidates for scheduling PDSCH/PUSCH on PCell/PSCell for Type-2 UE.

The above solution is a unified solution for Type-1 UE and Type-2 UE in a sense that the BD/CCE limits on the PCell/PSCell is determined using higher-layer configurations/parameters firstly, and then the remaining BD/CCE numbers are available on the sSCell, where PDCCH overbooking could occur only for USS set(s) on the PCell/PSCell for Type-2 UE. 

Proposal 3: For the UE supporting USS set(s) for PDSCH/PUSCH on PCell/PSCell on both PCell/PSCell and sSCell:
· Total numbers of BDs and non-overlapping CCEs for PDCCH candidates across PCell/PSCell and sSCell for scheduling PDSCH/PUSCH on PCell/PSCell do not exceed the per-cell limits.
· The definition of per-cell limits is the same as legacy releases, except for the case where different SCSs are used for PDCCH on PCell/PSCell and on sSCell
· If different SCSs are used for PDCCH on PCell/PSCell and on sSCell, the lower SCS between the two SCSs is used as the reference SCS for determining the per-cell limits.
· Maximum numbers of BDs and non-overlapping CCEs for PDCCH candidates monitored on PCell/PSCell are determined based on a RRC parameter
· The values shall be in the range from {maximum numbers of BDs and non-overlapping CCEs for PDCCH candidates for CSS set(s) on PCell/PSCell across all the slots} to {the per-cell limits derived as min{single-cell limits, CA limits} based on the number of DL cells for CA, the reported UE capability pdcch-BlindDetectionCA, and a reference SCS (e.g., 15kHz)}.
· PDCCH overbooking is allowed on USS set(s) on PCell/PSCell so that the number of BDs and non-overlapping CCEs for PDCCH candidates on PCell/PSCell do not exceed the configured values
· Maximum numbers of BDs and non-ovelapping CCEs for PDCCH candidates for USS set(s) on sSCell scheduling PDSCH/PUSCH on PCell/PSCell are determined by {per-cell limits} – {the values derived from the RRC parameter}.
· PDCCH overbooking is not allowed on these USS set(s)


2.4	Carrier indication field

The use of carrier indication field for the scheduled cell determination and hash function is a common baseline of cross-carrier scheduling since Rel.10 LTE. This should be maintained in this new form of cross-carrier scheduling. In particular, the following aspects should be the same as in the legacy cross-carrier scheduling operations.
· Cross-carrier scheduling from the sSCell to the PCell/PSCell is only for non-fallback DCI formats monitored on USS set(s) and having the CIF field.
· The CIF field in the DCI is used to indicate to which serving cell the DCI schedules PDSCH/PUSCH. The UE identifies PDCCH candidates for the DCI scheduling from the sSCell to the PCell/PSCell based on the value of nCI of the hash function unless search space sharing is enabled, where the nCI is the value of the CIF.

Proposal 4: CIF-based cross-carrier scheduling is re-used:
· Cross-carrier scheduling from the sSCell to the PCell/PSCell is only for non-fallback DCI formats with CIF field that are monitored on USS set(s)
· Cross-carrier scheduling uses the CIF field in the DCI to indicate to which carrier the DCI schedules PDSCH/PUSCH. The UE identifies PDCCH candidates for the DCI scheduling from the sSCell to the PCell/PSCell based on the value of nCI of the hash function unless search space sharing is enabled, where nCI is the value of the CIF.


2.5	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. For example, if the PDCCH monitoring for the USS set on the sSCell for self-scheduling is configured as once per sSCell slot, then the PDCCH candidates on the sSCell for cross-carrier scheduling to all the scheduled cells, including the PCell/PSCell, are also once per sSCell slot. 

This configuration is not flexible and would cause BD/CCE budget shortage, especially when the scheduling cell and the scheduled cell(s) use different SCSs. Taking the Fig. 5 below as an example, PDCCH monitoring once per sSCell slot corresponds to PDCCH monitoring twice per PCell slot. Unless multiple PDCCH monitoring occasions per PCell slot is intended, this configuration requires unnecessary frequent PDCCH monitoring from the PCell timeline viewpoint. In order to address this inflexibility, independent/different configurations of monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in the RRC IE SearchSpace should be allowed for each scheduled cell from the same scheduling cell. 
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Fig. 5	TDD-FDD CA with cross-carrier scheduling from an SCell to the PCell/PCell.

Proposal 5: Support independent configurations of the parameters for PDCCH monitoring occasions (monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in the RRC IE SearchSpace) for different scheduled cells from the same scheduling cell.


3. Conclusion
In this contribution, we discussed cross-carrier scheduling from an SCell to the PCell/PSCell and proposed following.

Proposal 1: 
· Add the following into the working assumption:
· When CCS from sSCell to PCell/PSCell is configured, UE can be configured to monitor DCI formats 0_0/1_0 that schedule PDSCH/PUSCH on PCell/PSCell on PCell/PSCell USS set(s)
· Specs also allow UEs that cannot be configured to monitor DCI formats 0_0/1_0 that schedule PDSCH/PUSCH on PCell/PSCell on PCell/PSCell USS set(s). Capability signaling details, if any, can be handled during the UE capability discussion for Rel17

Proposal 2: For the UE supporting USS set(s) for PDSCH/PUSCH on PCell/PSCell only on sSCell:
· Total numbers of BDs and non-overlapping CCEs for PDCCH candidates across PCell/PSCell and sSCell for scheduling PDSCH/PUSCH on PCell/PSCell do not exceed the per-cell limits.
· The definition of per-cell limits is the same as legacy releases, except for the case where different SCSs are used for PDCCH on PCell/PSCell and on sSCell
· If different SCSs are used for PDCCH on PCell/PSCell and on sSCell, the lower SCS between the two SCSs is used as the reference SCS for determining the per-cell limits.
· Maximum numbers of BDs and non-ovelapping CCEs for PDCCH candidates for USS set(s) on sSCell scheduling PDSCH/PUSCH on PCell/PSCell are determined by {per-cell limits} – {Maximum numbers of BDs and non-overlapping CCEs for PDCCH candidates on PCell/PSCell across all the slots}.
· PDCCH overbooking is not allowed on any search space sets

Proposal 3: For the UE supporting USS set(s) for PDSCH/PUSCH on PCell/PSCell on both PCell/PSCell and sSCell:
· Total numbers of BDs and non-overlapping CCEs for PDCCH candidates across PCell/PSCell and sSCell for scheduling PDSCH/PUSCH on PCell/PSCell do not exceed the per-cell limits.
· The definition of per-cell limits is the same as legacy releases, except for the case where different SCSs are used for PDCCH on PCell/PSCell and on sSCell
· If different SCSs are used for PDCCH on PCell/PSCell and on sSCell, the lower SCS between the two SCSs is used as the reference SCS for determining the per-cell limits.
· Maximum numbers of BDs and non-overlapping CCEs for PDCCH candidates monitored on PCell/PSCell are determined based on a RRC parameter
· The values shall be in the range from {maximum numbers of BDs and non-overlapping CCEs for PDCCH candidates for CSS set(s) on PCell/PSCell across all the slots} to {the per-cell limits derived as min{single-cell limits, CA limits} based on the number of DL cells for CA, the reported UE capability pdcch-BlindDetectionCA, and a reference SCS (e.g., 15kHz)}.
· PDCCH overbooking is allowed on USS set(s) on PCell/PSCell so that the number of BDs and non-overlapping CCEs for PDCCH candidates on PCell/PSCell do not exceed the configured values
· Maximum numbers of BDs and non-ovelapping CCEs for PDCCH candidates for USS set(s) on sSCell scheduling PDSCH/PUSCH on PCell/PSCell are determined by {per-cell limits} – {the values derived from the RRC parameter}.
· PDCCH overbooking is not allowed on these USS set(s)

Proposal 4: CIF-based cross-carrier scheduling is re-used:
· Cross-carrier scheduling from the sSCell to the PCell/PSCell is only for non-fallback DCI formats with CIF field that are monitored on USS set(s)
· Cross-carrier scheduling uses the CIF field in the DCI to indicate to which carrier the DCI schedules PDSCH/PUSCH. The UE identifies PDCCH candidates for the DCI scheduling from the sSCell to the PCell/PSCell based on the value of nCI of the hash function unless search space sharing is enabled, where nCI is the value of the CIF.

Proposal 5: Support independent configurations of the parameters for PDCCH monitoring occasions (monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in the RRC IE SearchSpace) for different scheduled cells from the same scheduling cell.
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