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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 and BD/CCE limit handling
At the RAN1#104-e meeting, following agreements have been made [1]:
	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



For Alt.2, details have been clarified at the RAN1#104bis-e meeting as follows [2]:
	· Further discuss PDCCH BD/CCE limit handling and down-select from following PDCCH monitoring alternatives in RAN1#105e
· Alt 2-1
· From RAN1#103 agreement
· Alt 2-2
· From RAN1#103 agreement
· Alt 2-4
· From RAN1#103 agreement
· Al 2-4a
· A UE does not expect to monitor PDCCH (including CSS and USS candidates) for primary cell scheduling on both the primary cell and the sSCell in a same slot
· Alt 2-5
· 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 
· UE may does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously in certain scenarios, e.g. when the UE falls back to monitoring USS set on the PCell, it is not forbidden from monitoring the USS set on the sSCell.
· Alt 2-6
· 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
· SS Group Swithcing is employed for dynamic switching mechanism



For this discussion, it is necessary to clarify how the BD/CCE limit is handled. This aspect has also been discussed at the RAN1#104bis-e meeting and three Options have been clarified [2]:
	· Further discuss PDCCH monitoring and BD/CCE limit handling in RAN1#105e considering below BD/CCE limit handling options
· Option A
· [bookmark: _Hlk71289952]At least when P(S)Cell SCS is not higher than sSCell SCS, PDCCH monitoring candidates on P(S)Cell and/or sSCell are configured such that max of (x1(m1)+x2(m1))+max of y(m2) corresponding to any P(S)Cell slots m1 and m2 is less than or equal to Z1
· At least the case of Z1 = 44 is supported for P(S)Cell SCS 15kHz
· FFS if Z1 larger than above can also be supported based on UE capability (e.g. similar to BDFactorR in Rel16)
· FFS signalling details on how the limit Z1 is realized, e.g.
· RRC configured BD limit/scaling factor-based limit for max(x1(m)+x2(m))
· Separate RRC configured BD limits/scaling factor-based limits for max(x1(m)+x2(m)) and max(y(m)) 
· separate BdfactorR for P(S)Cell and sSCell
· SS configuration-based BD limit for max(x1(m)+x2(m)) and max(y(m))
· RRC configured BD limit/scaling factor-based limit for max(x1(m)+x2(m))+ max(y(m))
· Counting ‘sSCell-to-P(S)Cell’ scheduling as an additional scheduling cell with numerology given by sSCell numerology in determining the BD/CCE limits
· FFS reference SCS to use when P(S)Cell has higher SCS than sSCell (if supported)
· For sSCell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the sSCell more than PDCCH candidates per slot of sSCell.
· FFS how limit is computed and applied when CCS from sSCell to P(S)Cell is configured
· Option B
· At least when P(S)Cell SCS is not higher than sSCell SCS, For P(S)Cell slot m, PDCCH monitoring candidates on P(S)Cell and/or sSCell are configured such that x1(m)+x2(m)+y(m) is less than or equal to BD limit Z2
· At least the case of Z2 = 44 is supported for P(S)Cell SCS 15kHz
· FFS if Z2 larger than above can also be supported based on UE capability (e.g. similar to BDFactorR in Rel16)
· max of (x1(m1)+x2(m1)) + max of y(m2) corresponding to any P(S)Cell slots m1 and m2 can is allowed to be larger than BD limit Z2
· FFS signalling details on how the limit Z2 is realized 
· FFS reference SCS to use when P(S)Cell has higher SCS than sSCell (if supported)
· For sSCell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the sSCell more than PDCCH candidates per slot of sSCell.
· FFS how limit is computed and applied when CCS from sSCell to P(S)Cell is configured
· Option C
· PDCCH monitoring candidates on P(S)Cell are configured such that max of (x1(m1)+x2(m1)) is less than or equal to Z3
· Z3 is derived by the PDCCH monitoring capability of PCell
· PDCCH monitoring candidates on sSCell are configured such that max of y(m2) is less than or equal to Z4
· Z4 is derived by the PDCCH monitoring capability of sSCell
· FFS details to define Z3 and Z4, e.g.
· Separate RRC configured BD limits/scaling factor-based limits for max(x1(m)+x2(m)) and max(y(m))
· For sSCell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the sSCell more than Z4 PDCCH candidates per slot of sSCell
· Note
· x1(m) is #BDs for PDCCH CSS(s) candidates monitored on P(S)Cell slot m 
· x2(m) is #BDs for PDCCH USS(s) candidates monitored on P(S)Cell slot m 
· y(m) is #BDs for PDCCH USS(s) candidates monitored on sSCell in all sSCell slot(s) that overlap slot m of P(S)Cell
· USS(s) => USS(s) that can schedule PDSCH/PUSCH on P(S)Cell)





2.1	Handling USS set(s) for fallback DCI formats
In order to discuss overall PDCCH monitoring procedure, it is necessary to clarify whether/how to support USS set(s) for fallback DCI formats for scheduling PDSCH/PUSCH on PCell/PSCell as well.
In the previous meetings, 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 the spec should allow a UE to support/non-support USS set(s) for fallback DCI formats for scheduling PDSCH/PUSCH on PCell/PSCell. This is similar to the handling of USS set(s) for non-fallback DCI formats for scheduling PDSCH/PUSCH on PCell/PSCell. 

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

For the sake of convenience, in this paper, we define two types of UEs below:
· (Type-1) supporting USS set(s) for scheduling P(S)Cell PDSCH/PUSCH only on sSCell, and;
· (Type-2) supporting USS set(s) for scheduling P(S)Cell PDSCH/PUSCH on both sCell and PCell/PSCell.

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 number of BDs 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 on the PCell/PSCell. In order to realize this without requiring UE to dynamically distribute PDCCH processes across scheduling cells, semi-static determination of maximum numbers of BDs 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 number of BDs 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. The similar handling is necessary for the number of non-overlapped CCEs.
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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 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 (i.e., 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)), 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 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 for PDCCH candidates on PCell/PSCell across all the slots}.
· Maximum number of non-overlapping CCEs should be handled similarly


2.3	BD/CCE determination and PDCCH overbooking for Type-2 UE

[image: ]
Fig. 3	Example configuration for a UE supporting USS set(s) on the PCell/PSCell and on the sSCell.

[bookmark: _Hlk67076163]For Type-2 UE, USS sets for scheduling PDSCH/PUSCH on PCell/PSCell can be configured on both PCell/PSCell and sSCell. In order to allow some flexibility for this setup, we propose to introduce an RRC parameter that provides “virtual scheduling-cell limit” for numbers of BDs on the PCell/PSCell. The “virtual scheduling-cell limit” is configurable in the range from {maximum numbers of BDs 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). Figure 4 illustrates an example of BD distribution. The RRC configured “virtual scheduling-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 shall configure USS set(s) on the sSCell for scheduling the PCell/PSCell so that the value does not exceed {total BD limit for PCell/PSCell} – {virtual scheuling-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 limit on the PCell/PSCell is determined using higher-layer configurations/parameters firstly, and then the remaining BD number are available on the sSCell. 

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 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 (i.e., 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)), 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 number of BDs for PDCCH candidates monitored on PCell/PSCell are determined based on a RRC parameter
· The values shall be in the range from {maximum number of BDs 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)}.
· Maximum number of BDs 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}.
· Maximum number of non-overlapping CCEs should be handled similarly


2.4	Consideration on Option A vs Option B
The proposal 3 in Section 2.3 is aligned with Option A of BD/CCE limit handling combined with Alt.2-1. This can be applied to a UE supporting only functionalities of Alt.1 that is in the working assumption as seen in Section 2.2. 

Option B does not have a fixed/semi-static cap for PDCCH candidates for each scheduling cell, other than the per-scheduled-cell limit. In other words, for Option B, the UE has to be able to split PDCCH process capabilities including parallel/serial channel estimators and decoders across two scheduling cells slot-by-slot that is originally on/within PCell/PSCell. If we take the approach of Option B, there should be following restrictions:
· Option B should be combined with Alt.2-4a (PDCCH monitoring is fully TDM)
· A switching gap should be defined between a PCell/PSCell slot having PDCCH candidates on PCell/PSCell (with no candidate on sSCell) and a PCell/PSCell slot having PDCCH candidates on sSCell (with no candidate on PCell/PSCell) similar to search space set group switching for NR-U

However, with the restrictions, Option B (with Alt.2-4a) has following issues.
· On a PCell/PSCell slot, if the UE monitors PDCCH candidates on sSCell, the UE does not monitor even CSS sets on PCell/PSCell at all. The network is required to take care of this restriction so that the UE can receive broadcast PDCCHs appropriately.
· The working assumption has a bullet “Specs also allow UEs supporting functionality of only Alt-1”. If Option B with the restrictions is combined with Alt.1, there are PCell/PSCell slots the UE does not monitor non-fallback DCI formats for PDSCH/PUSCH scheduling on PCell/PSCell at all. This is a significant scheduling restriction and hence should be avoided. Therefore, if we take the approach of Option B, this should be only for a UE supporting Alt.2; for a UE supporting only functionalities of Alt.1, still Opt.A should be adopted.

Proposal 4: 
Regarding Option A vs Option B and PDCCH monitoring alternatives,
· Option A should be adopted for a UE supporting Alt.2-1 and also for a UE supporting only Alt.1.


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. 

[image: ]
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.


2.6	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 Type-2 UE may monitor non-fallback DCI formats on both PCell/PSCell and sSCell. The above agreement mentioned only about non-fallback DCI format on the sSCell and hence, a clarification is necessary on CIF for non-fallback DCI format on the PCell/PSCell. 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 PCell/PSCell. 

Proposal 6: 
· When CCS from sSCell to PCell/PSCell is configured
· For non-fallback DCI formats monitored on the PCell/PSCell, CIF is present and is set to 0 for PCell/PSCell self-scheduling

2.7	Numerology of PCell/PSCell

At the RAN1#105-e meeting, it was pointed out that for the target DSS scenarios, PCell/PSCell SCS must be 15kHz and hence, RAN1 should not consider the case where PCell/PSCell SCS is higher than sSCell SCS. This should be clear so that redundant effort can be avoided.

Proposal 7: 
· For CCS from sSCell to PCell/PSCell, the PCell/PSCell SCS is 15kHz in this work item.
· The case where PCell/PSCell SCS is higher than sSCell SCS is not considered.

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

Proposal 1: 
· Agree the following 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 PCell/PSCell PDSCH/PUSCH on PCell/PSCell USS set(s)
· Specs also allow UEs that cannot be configured to monitor DCI formats 0_0/1_0 that schedule PCell/PSCEll PDSCH/PUSCH 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 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 (i.e., 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)), 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 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 for PDCCH candidates on PCell/PSCell across all the slots}.
· Maximum number of non-overlapping CCEs should be handled similarly

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 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 (i.e., 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)), 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 number of BDs for PDCCH candidates monitored on PCell/PSCell are determined based on a RRC parameter
· The values shall be in the range from {maximum number of BDs 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)}.
· Maximum number of BDs 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}.
· Maximum number of non-overlapping CCEs should be handled similarly

Proposal 4: 
Regarding Option A vs Option B and PDCCH monitoring alternatives,
· Option A should be adopted for a UE supporting Alt.2-1 and also for a UE supporting only Alt.1.

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.

Proposal 6: 
· When CCS from sSCell to PCell/PSCell is configured
· For non-fallback DCI formats monitored on the PCell/PSCell, CIF is present and is set to 0 for PCell/PSCell self-scheduling

Proposal 7: 
· For CCS from sSCell to PCell/PSCell, the PCell/PSCell SCS is 15kHz in this work item.
· The case where PCell/PSCell SCS is higher than sSCell SCS is not considered.
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