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1. Introduction
In RAN1 #104e [1], it is agreed that 
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 

In this contribution, we focus on the discussions for Rel-17 cross-carrier scheduling from SCell to PCell/PSCell for NR. 
2. Cross-Carrier Scheduling from SCell to PCell/PSCell
In Rel-15/16 CA, there is only one scheduling cell for a scheduled cell, and the BD/CCE limit on the scheduling cell for the scheduled cell is determined based on the numerology of the scheduling cell. 
In Rel-17 DSS (dynamic spectrum sharing), there are two scheduling cells for PCell/PSCell according to the RAN1 #104e [1] working assumption:
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) 



In this case, the determination of BD/CCE limit (/  and / ) would need further study when the SCS of the two scheduling cells (sSCell and PCell) are different. 

2.1 BD/CCE limit on sSCell and PCell/PSCell 
In current spec, the BD limit is determined by  (similar concept for CCE limit). There is a per scheduling cell SCS (µ) BD/CCE limit from 38.213 [2] 10.1:
· 
If a UE is configured with  downlink cells, UE is not required to monitor more than (assuming without M-TRP and span based monitoring)
· 
  PDCCH candidates (similar formula for )

per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells.

and a per scheduled cell BD/CCE limit from 38.213 [2] 10.1:
· For each scheduled cell from the  downlink cells, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per slot.
 is defined in the table below as in 38.213 [2].
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When the SCS of the two scheduling cells (sSCell and PCell) for PCell are different, and if UE has to monitor PDCCH from both cells in the same slot, it is not clear how to derive  in that slot (similarly for ).

One solution to this issue is to exclude the possibility that UE has to monitor PDCCH from both cells in the same slot. However, from the following spec in 38.331 [3] related to the search space usage under cross-carrier scheduling:
· searchSpaceId
In case of cross carrier scheduling, search spaces with the same searchSpaceId in scheduled cell and scheduling cell are linked to each other. The UE applies the search space for the scheduled cell only if the DL BWPs in which the linked search spaces are configured in scheduling cell and scheduled cell are both active.
Each search space is associated with one ControlResearchSet. For a scheduled cell in the case of cross carrier scheduling, except for nrofCandidates, all the optional fields are absent

it implies that, on the sSCell, UE would monitor the PDCCH of self-scheduling for sSCell and the PDCCH of cross-carrier scheduling for PCell in the same slot according to current spec.

To solve the ambiguity of deriving  when the SCS of the two scheduling cells (sSCell and PCell) for PCell are different under R17 DSS feature, we have the following proposal:

Proposal 1: When CCS from sSCell to PCell/PSCell is configured, UE does not expect to monitor PDCCH from both PCell/PSCell and sSCell for PCell/PSCell scheduling in the same slot.
· The slot is defined using the smallest SCS between PCell/PSCell and sSCell
· For the linked search space in the scheduled cell (PCell/PSCell), additional IEs under the IE SearchSpace other than searchSpaceId and nrofCandidates need to be present and treated as valid configurations, so the PDCCH monitoring timing between PCell/PSCell and sSCell can be staggered, e.g. monitoringSlotPeriodicityAndOffset, duration, monitoringSymbolsWithinSlot.

As another alternative, if UE needs to monitor PDCCH on both PCell and sSCell for PCell scheduling in the same slot as shown in Figure 1~3, the following proposals 2 to 5 are proposed to define the per scheduled cell BD/CCE limit for PCell/PSCell:
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Figure 1
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Figure 2
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Figure 3

Proposal 2: When CCS from sSCell to PCell/PSCell is configured, and PCell/PSCell and sSCell have numerologies µp and µs
· For the scheduled PCell/PSCell,  UE is not required to monitor on the active DL BWP with SCS configuration  more than  PDCCH candidates or more than  non-overlapped CCEs per SCS=15K* slot

For Proposals 3, it is an alternative to Proposal 2.


Proposal 3: When CCS from sSCell to PCell/PSCell is configured, and PCell/PSCell and sSCell have numerologies µp and µs, with ,
· For the scheduled PCell/PSCell, UE is not required to monitor on the active DL BWP of PCell/PSCell with more than  PDCCH candidates or more than  non-overlapped CCEs per SCS=15K* slot and 
· For the scheduled PCell/PSCell, UE is not required to monitor on the active DL BWP of sSCell with more than  PDCCH candidates or more than  non-overlapped CCEs per SCS=15K* slot.


For Proposals 4~5, each proposal is one alternative to assign the values of X1/X2 introduced in Proposals 3.

Proposal 4: When CCS from sSCell to PCell/PSCell is configured, and PCell/PSCell and sSCell have different numerologies µp and µs, the number X1/X2 for PCell/PSCell are RRC configured, and UE reports the maximum value X1/X2 depending on the SCS combination of PCell/PSCell and sSCell. The values of X1/X2 are RRC configured to ensure that the total PDCCH blind decoding budget is not changed as regulated in the R17 DSS WID [3].

Proposal 5: When CCS from sSCell to PCell/PSCell is configured, and PCell/PSCell and sSCell have different numerologies µp and µs, the values of X1/X2 for PCell are determined as fixed number depending on the SCS combination of PCell/PSCell and sSCell. The values of X1/X2 are assigned to ensure that the total PDCCH blind decoding budget is not changed as regulated in the R17 DSS WID [3].


If UE needs to monitor PDCCH on both PCell and sSCell for PCell scheduling in the same slot as shown in Figure 1 to 3, the following proposals 6 and 7 are proposed to define the per scheduling cell SCS (µ) BD/CCE limit.

Proposal 6: When CCS from sSCell to PCell/PSCell is configured, and PCell/PSCell and sSCell have different numerologies µp and µs, the scheduled cell (PCell/PSCell) with two scheduling cells (PCell and sSCell) should be counted as T1 for the calculation of  and T2 for the calculation of , where T1+T2=1.
· Proposal 7: T1 = 1, and T2 = 0


2.2 Overbooking handling

In Rel-15/Rel-16, overbooking is only applied to PCell/PSCell self-scheduling on USS search space. For Rel-17 DSS, the PCell/PSCell USS search space would be partially or fully moved to sSCell and overbooking needs new rules to be properly defined. Hence, we have the following proposals:


Proposal 8: When CCS from sSCell to PCell/PSCell is configured, overbooking on sSCell is not allowed for PCell/PSCell scheduling.
· If the SCS of sSCell is smaller than the SCS of PCell/PSCell, and UE monitors PDCCH from both sSCell and PCell/PSCell in the same slot
· overbooking on PCell/PSCell is also not allowed.
· Otherwise, overbooking on PCell/PSCell is allowed. If UE monitors PDCCH from both sSCell and PCell/PSCell in the same slot, the USS PDCCH monitoring candidates for PCell/PSCell scheduling on sSCell needs to be additionally subtracted when applying the legacy overbooking rules on PCell/PSCell.

The following Proposal 9, 10 are alternatives to Proposal 8.

Proposal 9: Overbooking on sSCell is allowed for PCell/PSCell scheduling. To make overbooking on sSCell properly defined for PCell/PSCell scheduling, we propose the following three alternatives:
· Alt 1: Applying Proposal 1
· Alt 2: BD/CCE limits for PCell/PSCell scheduling on sSCell and PCell/PSCell are separately defined. For example, applying Proposal 3.

Proposal 10: Overbooking on sSCell and PCell/PSCell is allowed for PCell/PSCell scheduling. To make overbooking on sSCell and PCell/PSCell properly defined for PCell/PSCell scheduling, we propose the following method:
· When determining overbooking on sSCell and PCell/PSCell over a slot, using Cell ID, Slot index, and search space ID in ascending or descending order to decide whether one USS search space for PCell/PSCell scheduling is dropped.


2.3 Dynamic switching of PDCCH monitoring of DCI formats 0_1, 1_1, 0_2, 1_2 between sSCell and PCell/PSCell 

It should not be assumed that a UE is able to dynamically allocate DCI processing capabilities of PDCCH monitoring across the sSCell and PCell/PSCell. Besides, introducing dynamic switching of PDCCH monitoring between sSCell and PCell/PSCell would involve designing a new DCI or MAC-CE format, and designing the dynamic switching time under various SCS combinations. This kind of work can become tedious and the benefit is not well justified. We hence have the following proposal.

Proposal 11: Do not support 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.

2.4 Support of 0_0/1_0 USS on PCell/PSCell or not

There is already 0_1/1_1/0_2/1_2 USS monitoring on sSCell and/or PCell/PSCell, and 0_0/1_0 CSS on PCell/PSCell, so we do not see a strong sue case for support of 0_0/1_0 USS on PCell/PSCell.

Proposal 12: Do not support 0_0/1_0 USS monitoring on PCell/PSCell.

2.5 DCI format 2_5 and DCI Format 2_6 handling

DCI format 2_6 is wake-up signal which is used outside active time. Therefore, DCI 2_6 should stay in PCell/PSCell only. DCI 2_6 is used for IAB and should also stay in PCell/PSCell only.

Proposal 13: DCI format 2_5 and DCI Format 2_6 should stay in PCell/PSCell only.

2.6 DCI processing capabilities (FG 3-1 and FG 3-5b)

In Rel-15 NR, FG 3-1 is defined for per slot PDCCH monitoring limit and FG 3-5b is defined for per span PDCCH monitoring limit as shown in Figure 4 below. In Rel-17 DSS there are two scheduling cells (sSCell and PCell/PSCell) for PCell/PSCell and the SCS of the two scheduling cells (sSCell and PCell/PSCell) can be different. Hence, introducing per span limit for Rel-17 DSS can be very complicated and we think following the definition of FG 3-1 is adequate.

Proposal 14: For the scheduled PCell/PSCell, UE can process 1D1U unicast DCI for FDD PCell/PSCell and 1D2U unicast DCI for TDD PCell/PSCell per SCS=15K slot.
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Figure 4

3. Summary 
In this contribution, we focus on the discussions for Rel-17 cross-carrier scheduling from SCell to PCell/PSCell for NR and have the following proposals:

Proposal 1: When CCS from sSCell to PCell/PSCell is configured, UE does not expect to monitor PDCCH from both PCell/PSCell and sSCell for PCell/PSCell scheduling in the same slot.
· The slot is defined using the smallest SCS between PCell/PSCell and sSCell
· For the linked search space in the scheduled cell (PCell/PSCell), additional IEs under the IE SearchSpace other than searchSpaceId and nrofCandidates need to be present and treated as valid configurations, so the PDCCH monitoring timing between PCell/PSCell and sSCell can be staggered, e.g. monitoringSlotPeriodicityAndOffset, duration, monitoringSymbolsWithinSlot.

As another alternative, if UE needs to monitor PDCCH on both PCell and sSCell for PCell scheduling in the same slot as shown in Figure 1~3, the following proposals 2 to 5 are proposed to define the per scheduled cell BD/CCE limit for PCell/PSCell:

Proposal 2: When CCS from sSCell to PCell/PSCell is configured, and PCell/PSCell and sSCell have numerologies µp and µs
· For the scheduled PCell/PSCell,  UE is not required to monitor on the active DL BWP with SCS configuration  more than  PDCCH candidates or more than  non-overlapped CCEs per SCS=15K* slot

For Proposals 3, it is an alternative to Proposal 2.

Proposal 3: When CCS from sSCell to PCell/PSCell is configured, and PCell/PSCell and sSCell have numerologies µp and µs, with ,
· For the scheduled PCell/PSCell, UE is not required to monitor on the active DL BWP of PCell/PSCell with more than  PDCCH candidates or more than  non-overlapped CCEs per SCS=15K* slot and 
· For the scheduled PCell/PSCell, UE is not required to monitor on the active DL BWP of sSCell with more than  PDCCH candidates or more than  non-overlapped CCEs per SCS=15K* slot.


For Proposals 4~5, each proposal is one alternative to assign the values of X1/X2 introduced in Proposals 3.

Proposal 4: When CCS from sSCell to PCell/PSCell is configured, and PCell/PSCell and sSCell have different numerologies µp and µs, the number X1/X2 for PCell/PSCell are RRC configured, and UE reports the maximum value X1/X2 depending on the SCS combination of PCell/PSCell and sSCell. The values of X1/X2 are RRC configured to ensure that the total PDCCH blind decoding budget is not changed as regulated in the R17 DSS WID [3].

Proposal 5: When CCS from sSCell to PCell/PSCell is configured, and PCell/PSCell and sSCell have different numerologies µp and µs, the values of X1/X2 for PCell are determined as fixed number depending on the SCS combination of PCell/PSCell and sSCell. The values of X1/X2 are assigned to ensure that the total PDCCH blind decoding budget is not changed as regulated in the R17 DSS WID [3].


Proposal 6: When CCS from sSCell to PCell/PSCell is configured, and PCell/PSCell and sSCell have different numerologies µp and µs, the scheduled cell (PCell/PSCell) with two scheduling cells (PCell and sSCell) should be counted as T1 for the calculation of  and T2 for the calculation of , where T1+T2=1.
· Proposal 7: T1 = 1, and T2 = 0


Proposal 8: When CCS from sSCell to PCell/PSCell is configured, overbooking on sSCell is not allowed for PCell/PSCell scheduling.
· If the SCS of sSCell is smaller than the SCS of PCell/PSCell, and UE monitors PDCCH from both sSCell and PCell/PSCell in the same slot
· overbooking on PCell/PSCell is also not allowed.
· Otherwise, overbooking on PCell/PSCell is allowed. If UE monitors PDCCH from both sSCell and PCell/PSCell in the same slot, the USS PDCCH monitoring candidates for PCell/PSCell scheduling on sSCell needs to be additionally subtracted when applying the legacy overbooking rules on PCell/PSCell.

The following Proposal 9, 10 are alternatives to Proposal 8.

Proposal 9: Overbooking on sSCell is allowed for PCell/PSCell scheduling. To make overbooking on sSCell properly defined for PCell/PSCell scheduling, we propose the following three alternatives:
· Alt 1: Applying Proposal 1
· Alt 2: BD/CCE limits for PCell/PSCell scheduling on sSCell and PCell/PSCell are separately defined. For example, applying Proposal 3.

Proposal 10: Overbooking on sSCell and PCell/PSCell is allowed for PCell/PSCell scheduling. To make overbooking on sSCell and PCell/PSCell properly defined for PCell/PSCell scheduling, we propose the following method:
· When determining overbooking on sSCell and PCell/PSCell over a slot, using Cell ID, Slot index, and search space ID in ascending or descending order to decide whether one USS search space for PCell/PSCell scheduling is dropped.

Proposal 11: Do not support 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.


Proposal 12: Do not support 0_0/1_0 USS monitoring on PCell/PSCell.


Proposal 13: DCI format 2_5 and DCI Format 2_6 should stay in PCell/PSCell only.

Proposal 14: For the scheduled PCell/PSCell, UE can process 1D1U unicast DCI for FDD PCell/PSCell and 1D2U unicast DCI for TDD PCell/PSCell per SCS=15K slot.
4. Reference
Chairman’s Notes, RAN1 #104e
3GPP TS 38.213 g30, ”NR; Physical layer procedures for control”
3GPP TS 38.331 g31, ”NR; Radio Resource Control (RRC) protocol specification”
5. Appendix
· Example to show the issue of “per scheduling cell SCS (µ) BD/CCE limit” under current 38.213 spec
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For 
· PCell 1 with 15K SCS + SCell 2 with 30K SCS and 
· pdcch-BlindDetectionCA () = 2 is reported
and SCell 2 schedules PCell 1
· For per unit time analysis 
· the BD#_15K () is (2*(1/2)*44) = 44 for one 15K slot
· the BD#_30K () is (2*(2/2)*36) = 72 for one 30K slot (Problematic)
for one 15K slot, the aggregation of PDCCH candidates can be up to 44+72*2=188 > 36()*4 = 144


Example that : (with spec from 38.213)
  [image: ]



For 
· 8 CC with 15K SCS + 1 CCs with 30K SCS and 
· pdcch-BlindDetectionCA () = 4 is reported


For each scheduled cell from the  downlink cells, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell more than  PDCCH candidates per slot

For self-scheduling:
= Floor(4*(8/9)*44) = 156
= 44
= Floor(4*(1/9)*36) = 16
= 36

If the 120K SCS SCell schedules the 15K PCell:
= Floor(4*(8/9)*44) = 156
= 44
= Floor(4*(2/9)*36) = 32
= 36
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image6.png
Table 10.1-2: Maximum number M5t of monitored PDCCH candidates per slot for a DL BWP
with SCS configuration u € {0, 1,2, 3} for a single serving cell

n Maximum number of monitored PDCCH candidates per slot and per serving cell ngg,:"t'ﬂ
0 44
1 36
2 22
3 20
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