
3GPP TSG RAN WG1 Meeting #105-e 	R1-2104232
E-meeting, May 10th - 27th, 2021

Agenda Item:	8.13.1
Source:	Huawei, HiSilicon
Title:	Discussion on SCell PDCCH scheduling P(S)Cell PDSCH or PUSCH
Document for:	Discussion and Decision

Introduction
When a PCell can be cross-carrier scheduled by an SCell, there may be the possibility that two cells are configured to schedule one cell. The specification impact on UE procedure for receiving control information needs to be discussed. In this contribution, we focus on the BD/CCE limit handling and overbooking.
Discussion
In RAN1#104b-e, three BD/CCE limit handling options were proposed and it is agreed that PDCCH overbooking on sSCell USS set(s) is not supported [5].  In order to further discuss BD/CCE limit handling and overbooking, we first review the BD/CCE limit handling in current specification. For simplicity, we take the BD limit handling based on slot limits as an example. Non-overlapped CCEs limit handling is similar. 
When a UE reports BD/CCE capability corresponding to  downlink cells, and is configured with  scheduling cells having SCS configuration  and only one CORESET pool, and  scheduling cells having SCS configuration  and two CORESET pools.
More specifically,
· If , the UE is not required to monitor PDCCH candidates more than the below BD limits per slot for each scheduled cell, on the active DL BWP of the scheduling cell
-	 when the scheduling cell is from the  cells, or
-	 when the scheduling cell is from the  cells
-	  for each CORESET pool when the scheduling cell is from the  cells
· If 
· the UE is not required to monitor PDCCH candidates more than the below BD limit per slot, on the active DL BWP(s) of scheduling cell(s) from the  cells
-	  
· and for each scheduled cell
-	 when the scheduling cell is from the  cells, or
-	 when the scheduling cell is from the  cells
-	 for each CORESET pool when the scheduling cell is from the  cells
·  is the number of cells with SCS configuration of  and configured with two CORESET pools

Where  is indicated by BDFactorR related to the UE reported blind detection factor R value. The blind detection factor R is reported per UE support of multi-DCI multi-TRP operation where the PDCCH can be received from multiple points within a carrier. Also, the limit is related to SCS for the corresponding scheduling cell(s)/point(s). Thus, we can see
Observation 1: The BD/CCE capability is related to the number of sources that PDCCH can be transmitted from as scaled from one cell and the SCS of the scheduling PDCCH(s). 
For determining the BD/CCE capability/distribution in the case that PCell is scheduled by PDCCHs on both PCell and SCell, the effect on the BD/CCE capability/distribution is similar to the case of serving cells with multi-TRP operation, which was specified with the use of blind detection factor. The difference is that the SCSs of two TRPs of a serving cell are always the same, while the SCSs of PCell and SCell can be same or different. 
Case 1: same SCS between PCell and SCell
BD/CCE limit handling
When the SCSs of PCell and SCell are the same, the mechanism to determine the number of downlink cells corresponding to BD/CCE capability of a UE or distribute of BD/CCE capability in the downlink cells of the UE in multiple TRPs can be referred to. A single BDFactorR value can be configured which is used for scaling the BD/CCE limit per number of serving cells. Regarding the UE capability and gNB scheduling, the value of BDFactorR may be 1 or 2. Also in this case, assume  scheduling cells having SCS configuration  without sSCell configuration, and scheduling sSCell having the same SCS configuration  as well as PCell. For simplicity, multi-TRP operation is not assumed but can be simply added later since the general framework is the same. 
Then, according to the agreed restriction that there would be only one sSCell used for scheduling the PCell, and the observation 1 above, the number of scheduling sources in this case will be scaled from 1 cell which is the PCell only. Thus,  with the same framework as the current specification for determining the BD limit for cells with SCS configuration of  (otherwise  ). 
More specifically, we could summarize
· If , the UE is not required to monitor PDCCH candidates more than the below BD limits per slot for each scheduled cell, on the active DL BWPs of the scheduling cells
-	 when the scheduling cell is from the  cells, or
-	 for the two cells scheduling PCell
-	 for each of the two cells scheduling PCell 
· If  
· the UE is not required to monitor PDCCH candidates more than the below BD limits per slot, on the active DL BWPs of scheduling cell(s) from the  cells and the scheduling cells for scheduling PCell
-	  
· and  for each scheduled cell
-	 when the scheduling cell is from the  cells, or
-	 for the two cells scheduling PCell 
-	 for each of the two cells scheduling PCell
·  for the cells scheduling PCell with SCS configuration of , otherwise   (in line with current specifications)

Note, the above BD/CCE limit handling is similar/same as Option B, where x1(m)+x2(m)+y(m) is less than or equal to an upper bound based on only the slot of SCS configuration of PCell.

Overbooking
Since overbooking is not allowed on USS set(s) of SCell, that is to say, to any slot of  PCell, UE will drop some PDCCH candidates on USS set(s) of PCell according to the dropping rules to guarantee x1(m)+x2(m) is less than or equal to BD limit. After the dropping handling of PCell, the BD limit of x1(m)+x2(m)+y(m) shall be guaranteed based on PDCCH candidates configuration of PCell and SCell. 

Case 2: different SCSs between PCell and SCell
BD/CCE limit handling
When the SCSs of PCell and SCell are different, as observed that the UE implementation is differentiated per each SCS, separate BDFactorR values for respective PCell and SCell should be considered. Slightly different from the case of same SCS between PCell and SCell where a single BD factor is used to scale the BD limit for one TRP with same SCS as another TRP, the two BDFactorR values for different SCS case will be used in distributing of total BD/CCE capability among serving cells per SCS and determining the maximum BD/CCE limit, which provides the network with more flexibility to control the BD for each cell while still ensures the total BD under UE capability given each of the BDFactorR value no larger than 1. 
For simplicity, we still explain the BD limit handling based on slot limits for the cells without multi-TRP operation as baseline and, and  denote the separate BDFactorR values for PCell with SCS configuration  and SCell with SCS configuration  respectively. As explained above, the value of may not exceed 1 such that the BD limit for each of the two scheduling cell is a fraction of the original UE BD limit for one cell. If advanced UE capability is enabled by a UE, different R can be considered.
· If , the UE is not required to monitor PDCCH candidates more than the below BD limits per slot for each scheduled cell, on the active DL BWPs of the scheduling cells
-	 when the scheduling cell is from the  cells, or
-	 for each of the two cells scheduling the PCell 
· If 
· the UE is not required to monitor PDCCH candidates more than the below BD limits per slot, on the active DL BWPs of scheduling cell(s) 
-	  
· and for each scheduled cell,
-	 when the scheduling cell is from the  cells, or
-	 for each of the two cells scheduling the PCell 
·  for the above for the cells scheduling PCell with SCS configuration of  or , otherwise  .

The above BD/CCE limit handling is actually Option C:
· On every PCell slot m1, x1(m1)+x2(m1) is less than or equal to  , where  is configured for the PCell with SCS configuration  
· On every SCell slot m2, y(m2) is less than or equal to  , where  is configured for the SCell with SCS configuration  
Overbooking
In this case, since separate BDFactorR values are configured to determine separate BD/CCE limits for PCell and sSCell respectively, it is rather easier for network to control the BD limit on PCell only as existing has done. 

In summary,
Proposal 1: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of an SCell and the PCell, for determining the UE BD/CCE capability:
-	if the SCS of the two cells are the same, a single BDFactorR is applied to both cells
-	if the SCSs of two cells are different, separate BDFactorR values should be configured respectively for the PCell and the SCell. 
-	PDCCH overbooking is maintained only for USS set(s) on PCell.

Conclusion
According to the above discussions, we have the following proposals:
Proposal 1: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of an SCell and the PCell, for determining the UE BD/CCE capability:
-	if the SCS of the two cells are the same, a single BDFactorR is applied to both cells
-	if the SCSs of two cells are different, separate BDFactorR values should be configured respectively for the PCell and the SCell. 
-	PDCCH overbooking is maintained only for USS set(s) on PCell.
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Annex: RAN1 agreements on cross carrier scheduling from SCell to PCell
WID[1]: 
	This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation



RAN1 #102-e [2]:
	Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
· self-scheduling on PCell/PSCell is allowed
· cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
· self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
· cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
· cross-carrier scheduling from another serving cell to the ‘SCell used for scheduling PCell/PSCell’ is not allowed
· FFS: Search space and DCI format handling for the allowed cases above
Agreement:
· Configuring 2 or more Scells to schedule the PCell/PSCell is not allowed.



RAN1 #103-e [3]:
	Agreements:
· When CCS from an SCell (sSCell) to PCell/PSCell is configured, UE monitors Type 0/0A/1/2 CSS sets (for the DCI formats associated with those SS sets) only on the PCell/PSCell and not on the sSCell
· Note: UE monitors Type 0/0A/2 CSS only on PCell while Type 1 CSS can be monitored on PCell/PSCell

Agreements:
· Discuss in RAN1#104-e how to handle ‘DCI formats 0_1,1_1,0_2,1_2 scheduling PDSCH/PUSCH on PCell/PSCell’ from USS set(s), when CCS from sSCell to PCell/PSCell is configured.. Below alternatives can be considered in the discussion (other alternatives are not precluded)
· Alt 1: UE cannot be configured to monitor DCI formats 0_1,1_1,0_2,1_2 on PCell/PSCell USS set(s), and can be configured to monitor them only on the sSCell USS set(s)
· Alt 2: UE can be configured to monitor DCI formats 0_1/1_1/0_2/1_2 on PCell/PSCell USS set(s), and/or on sSCell USS set(s). The PDCCH monitoring is based on following alternatives (other alternatives are not precluded)
· Alt 2-1: 
· UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously
· Alt 2-2: 
· 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 does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously
· Alt 2-3: 
· UE does not monitor the same DCI format on both PCell USS set(s) and sSCell USS sets simultaneously. UE can monitor some DCI formats on sSCell USS sets and other DCI formats on PCell/PSCell USS sets simultaneously
· Alt 2-4: 
· 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
· FFS following aspects
· Impact of sSCell activation/deactivation and sSCell dormancy
· Impact on BD/CCE limit handling
· Whether PDCCH overbooking on sSCell is supported or not supported and impact (if any) on overbooking handling on PCell/PSCell 
· Impact from different numerologies between PDCCH on the PCell/PSCell and that on the sSCell
· Whether or not to have mechanism for activation/deactivation of scheduling from sSCell to PCell/PSCell
· USS configuration details (e.g. handling of USS type (self-scheduling, cross carrier scheduling) for a USS set configured for scheduling of PCell/PSCell)



RAN1 #104-e [4]:
	Agreement
When CCS from sSCell to PCell/PSCell is configured, 
· Out of order scheduling is not allowed between a) PDSCH on PCell/PSCell scheduled by PDCCH on PCell/PSCell and b) PDSCH on PCell/PSCell scheduled by PDCCH on sSCell 
· Out of order scheduling is not allowed between a) PUSCH on PCell/PSCell scheduled by PDCCH on PCell/PSCell and b) PUSCH on PCell/PSCell scheduled by PDCCH on sSCell 
FFS: Whether this agreement requires RAN1 specification impact.

Agreement
When CCS from sSCell to PCell/PSCell is configured, 
· Simultaneous reception of a) unicast PDSCH on PCell/PSCell scheduled from PCell/PSCell and b) unicast PDSCH on PCell/PSCell scheduled from sSCell is not allowed
· Simultaneous transmission of a) PUSCH on PCell/PSCell scheduled from PCell/PSCell and b) PUSCH on PCell/PSCell scheduled from sSCell is not allowed
· Note: Simultaneous implies full/partial time overlapping
FFS: Whether this agreement requires RAN1 specification impact.

Agreement
· When CCS from sSCell to PCell/PSCell is configured, CA activation/deactivation operation for the sSCell is supported

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



RAN1 #104b-e [5]:
	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

Agreement
PDCCH overbooking on sSCell USS set(s) is not allowed

Agreement
· When CCS from sSCell to PCell/PSCell is configured, CA activation/deactivation operation for the sSCell is supported

For RAN1#105-e, companies are encouraged to consider:
Further discuss PDCCH monitoring and BD/CCE limit handling in RAN1#105e considering below BD/CCE limit handling options
· Option A
· 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 µ of the sSCell more than [image: d] PDCCH candidates per slot of sSCell.
· FFS how limit [image: d] 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 µ of the sSCell more than [image: d] PDCCH candidates per slot of sSCell.
· FFS how limit [image: d] 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 µ 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)
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