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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 corresponding specification impact on UE procedure for receiving control information needs to be discussed. At the RAN1 #105-e meeting, two types of UEs (Type A and Type B) are agreed to be supported. At the RAN1 #106b-e meeting, BD/CCE limit handling Option A is agreed at least for Type B UE. In this contribution, we mainly discuss some details of the BD/CCE limit handling Option A, as well as some other remaining issues. 
Discussion
Type A UE
At the RAN1 #105-e meeting, two types of UEs (Type A and Type B) are agreed to support CCS from sSCell to PCell as follows:
· Type A UE: at least USS sets/Type3-CSS sets on PCell and USS sets on sSCell are configured so that the UE does not monitor them in overlapping [slot/symbol] of PCell and sSCell 
· Type B UE: monitors PDCCHs in overlapping [slot/symbol] of PCell and sSCell
A remaining issue for Type A UE is how to monitor Type-0/0A/1/2-CSS sets on PCell and USS sets on sSCell. 
At the RAN1 #106b-e meeting, two possible approaches are discussed: 
	· Possible Approach 1
· BD/CCE limits for Type B UEs are applicable for all UEs supporting cross-carrier scheduling from sSCell to P(S)Cell
· Additional simplifications to PDCCH monitoring can be discussed during UE capabilities discussions including the following
· Type A UE as per RAN1#105-e agreement and
· simultaneous monitoring of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell’ 
· Type A UE as per RAN1#105-e agreement and
· no simultaneous monitoring between ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for DCI formats with CRC scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’ 
· simultaneous monitoring of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for DCI formats with CRC not scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’
· Possible Approach 2 
· All UEs (supporting cross-carrier scheduling from SCell to Pcell) can be configured with Type 0/0A/1/2/CSS sets on P(S)Cell that overlap with sSCell USS sets (for P(S)Cell scheduling)
· Type A UEs drop the USS set(s) on sSCell (for P(S)Cell scheduling) that overlap in same [symbol/slot] as Type 0/0A/1/2/CSS sets on P(S)Cell
· Separate UE capability is introduced for the Type A UEs
· BD/CCE limit for Type A UE is based on one of the following approaches
· Option B (discussed earlier for Type B UEs)
· Option D
· In a slot, if the PDCCH candidates are only configured on P(S)Cell, the BD/CCE limit on this slot is determined based on the P(S)Cell configurations
· In a slot, if the PDCCH candidates are configured only on sSCell, the BD/CCE limit on this slot is determined based on the sSCell configurations
· The limit of Rel-16 UE capability is applied without further restrictions
· Option E
· No per-slot change in  and 



In current specification, except for overbooking handling, the BD/CCE limit handling has nothing to do with the type of SS sets (CSS sets or USS sets). The UE BD/CCE capability has nothing to do with the type of SS sets and RNTI either. 
On one hand, from UE/gNB operation point of view, further differentiation based on SS sets and/or RNTI increases the UE complexity (at least, will not relax) and complicate gNB scheduling. On the other hand, a UE can drop USS sets as Possible Approach 2 without impact on the scheduling/configuration of PDCCH on PCell. Having separate UE capabilities is not motivated with any benefits from either gNB scheduling or UE implementation, and fragments the feature.
As for the BD/CCE limit for Type A UE, although the BD/CCE limit need to be per-slot changed, Option D can provide more scheduling opportunities for gNB. 
Proposal 1: For Type A UE, in overlapping [symbol/slot] of PCell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on PCell and configured to monitor search space sets on sSCell (for scheduling PCell), the UE drops the overlapped USS sets on sSCell, i.e. Possible Approach 2 is preferred.
Type B UE
At the RAN1 #106b-e meeting, Option A is agreed to be supported for BD/CCE limit handling in Rel-17 at least for Type B UE. Since UE may choose different implementations to support cross carrier scheduling from sSCell to PCell, in the following, we will discuss how to design option A in detail to adapt to different UE implementations. 
In order to illustrate the different BD/CCE limit design requirements for the different UE implementations, the typical case of PCell SCS 15 kHz and sSCell SCS 30 kHz is taken as an example. 
For discussion simplicity, 
	denote the two different implementations as Capability B-1 UE and Capability B-2 UE, abbreviated as Cap B-1 UE and Cap B-2 UE respectively. 
The main difference of Cap B-1 UE and Cap B-2 UE is the source of BDs/CCEs process capability for cross carrier scheduling from sSCell to PCell. Cap B-1 UE use BDs/CCEs for 15KHz CC group for both cross carrier scheduling from sSCell to PCell and self-scheduling of PCell. Cap B-2 UE uses BDs/CCEs for 15KHz CC group for self-scheduling of PCell and additionally/separately uses BDs/CCEs for 30KHz CC group for cross carrier scheduling from sSCell to PCell.



The CC group limits and the limit of cross carrier scheduling from sSCell to PCell per sSCell slot will be different in terms of the following:
Determining  and 
When determining CC group limits  and , since Cap B-1 UE use BDs/CCEs for 15KHz CC group not for 30KHz CC group for scheduling from two scheduling cells, it is reasonable to count s1=1 for 15KHz CC group and count s2=0 for 30KHz CC group. 
Considering Cap B-2 UE, BDs/CCEs for 15KHz CC group are used for self-scheduling and BDs/CCEs for 30KHz CC group are used for cross carrier scheduling, it is reasonable to set  for 15KHz CC group and  for 30KHz CC group accounting for resource sharing among CCs with different SCSs. Further because s1 and s2 express the offloading ratio of PDCCH monitoring on the PCell to sSCell, and have the same functions as  and , they can be unified for simplicity, that is, s1=, s2=.
Determining limit for cross carrier scheduling per sSCell slot
When determining the PDCCH BD limit on sSCell for cross carrier scheduling PCell per sSCell slot, since Cap B-1 UE doesn’t use BDs/CCEs for 30KHz CC group for cross carrier scheduling,  shall not be considered as a limit. In fact, because Cap B-1 UE uses the BDs/CCEs for 15KHz not 30KHz for cross carrier scheduling,  can also be omitted for the limit per sSCell slot. In other words, for Cap B-1 UE, there is no need to define a limit on sSCell for cross carrier scheduling per sSCell slot at all.
Considering Cap B-2 UE, since BDs/CCEs for 30KHz CC group are used for cross carrier scheduling, both  and  need to be considered, then  needs to be ensured.
As for the capability/incapability indication “All search space configurations monitored on sSCell for cross-carrier scheduling to P(S)Cell are within a single span of [3] consecutive OFDM symbols within a duration spanning P(S)Cell slot”, the UE implementation of Cap B-1 UE would fit it.
Determining limit for self-scheduling and cross carrier scheduling per PCell slot
It is agreed that UE is not required to monitor more than  PDCCH BD candidates per PCell slot On PCell for self-scheduling, and UE is not required to monitor more than  PDCCH BD candidates per PCell slot On sSCell for cross-carrier scheduling to PCell. These two limits are suitable for Cap B-1 UE. 
While for Cap B-2 UE, the BDs/CCEs for 15KHz CC group are not used for cross carrier scheduling, so  should be removed from these two limit: UE is not required to monitor more than  PDCCH BD candidates per PCell slot on PCell for self-scheduling, and UE is not required to monitor more than  PDCCH BD candidates per PCell slot on sSCell for cross-carrier scheduling to PCell. 
Implementation difference illustration
Below we use an example to analyze the implementation difference of Cap B-1 UE and Cap B-2 UE. Assume the scenario that the UE is configured with 5 CCs: 4 CCs with SCS 15KHz (including the PCell) and 1 CC with SCS 30KHz (sSCell) and the UE reports pdcch-BlindDetectionCA = 4. PCell and sSCell are configured to schedule PCell, and the sSCell and other sSCells are configured to self-schedule. The target PDCCH offloading ratio is 50%, which means the network aims to offload about 50% BD/CCEs for scheduling PCell by using sSCell. No cell is configured with M-TRP operation.
[image: ]
Figure 1. CA configuration with multiple CCs using SCS of 15KHz

When the factors s1=1 and s2=0 (i.e., Cap B-1 UE)
· , . 

When the factors s1=0.5 and s2=0.5 (offloading ratio is 50%) (i.e., Cap B-2 UE)
· , . 

As can be seen, when the self-scheduling of sSCell and the cross carrier scheduling from sSCell to PCell share 43 BDs, which significantly increases the gNB scheduling flexibility with Cap B-2 UE. On the other hand, when the current agreed factors s1=1 and s2=0 are used in line with Cap B-1 UE implementation, the BDs/CCEs for 30KHz CC group  will be only 28, which is the same as legacy CA operation. This case does not really ‘offload’ any BD from PCell to the sSCell, rather, it utilize the existing sSCell PDCCH processing capability to carry the traffic load from PCell, which penalize the SCell self-scheduling (and potentially scheduling of other SCells from this sSCell).
Another example is provided below. Assume the scenario that the UE is configured with 5 CCs: 1 CCs with SCS 15KHz (the PCell) and 4 CC with SCS 30KHz (including the sSCell). Other conditions are the same as the previous example.
[image: ]
Figure 2. CA configuration with multiple CCs using SCS of 30KHz

When the factors s1=1 and s2=0 (i.e., Cap B-1 UE)
· , . 

When the factors s1=0.5 and s2=0.5 (offloading ratio is 50%) (i.e., Cap B-2 UE)
· , .

As can be seen, with DSS enhancement as Cap B-2 UE implementation, it allows the UE to offload its PDCCH capability from PCell to SCell therefore that for PCell is reduced from 35 to 17 and that for SCell is increased. With Cap B-1 operation, the PCell PDCCH capability is not changed; however as those BDs cannot be scheduled efficiently anyway on a carrier shared with LTE due to e.g. LTE-CRS and/or spectrum limit, those BDs are likely wasted.
For distribution of scheduling for each carrier, as we mentioned before, for Cap B-1 UE, there is no need to introduce a PDCCH BD limit on sSCell for cross carrier scheduling PCell per sSCell slot. It is agreed the BD limit on sSCell for cross carrier scheduling PCell per PCell slot is , which also means UE is not required to monitor more than  PDCCH BD candidates per sSCell slot. 
However for Cap B-2 UE, since BDs/CCEs for 30KHz CC group are used for cross carrier scheduling,  is reasonable to be the PDCCH BD limit on sSCell for cross carrier scheduling PCell per sSCell slot, which means the BD limit on sSCell for cross carrier scheduling PCell per PCell slot still needs to be met. 
TP for Type B UE
The proposed change also have might additional specification impact compared to specifying that for Cap B-1 UE, which can be given as below:
	If , the UE determines  and , and determines  and , by including counting the primary cell onlyas s1 in the  downlink cells and counting the primary cell as s2 in the  downlink cells in , as described in clause 10.1. If , the UE determines  and  by including the primary cell once in the  downlink cells in , as described in clause 10.1.



In summary, we propose to introduce two UE capabilities for cross carrier scheduling from sSCell to PCell, namely Cap B-1 UE and Cap B-2 UE. The target operation for Type B UE would be as below:

	Option A is supported in Rel-17
· At least for Type B UE, when the 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 (),[and at least when UE is not provided monitoringCapabilityConfig for any cell]
· Option A
· On P(S)Cell (for self-scheduling)
· Cap B-1 UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
· Cap B-2 UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· Cap B-2 UE is not required to monitor more than [ or ] PDCCH BD candidates per sSCell slot
· Cap B-1 UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
· Cap B-2 UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·   is based on RRC configuration 
·   is used for P(S)Cell overbooking procedure
· When determining  and  
· P(S)Cell self-scheduling is counted by applying scaling factor s1 
· sSCell to P(S)Cell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
· s1=1 and s2=0 for Cap B-1 UE,FFS other s1 and s2 s1= and s2=1- for Cap B-2 UE
· Cap B-1 UE capability/incapability indication for below to be discussed as part of UE features discussion
· All search space configurations monitored on sSCell for cross-carrier scheduling to P(S)Cell are within a single span of [3] consecutive OFDM symbols within a duration spanning P(S)Cell slot
· Same approach as above is used for CCE limits
· FFS: Separate vs. same RRC configured scaling factors (corresponding to ) for BD and CCE limits.
· When P(S)Cell SCS () is larger than sSCell SCS (), for CCS from sSCell to P(S)Cell and, it is not supported Rel-17 DSS.



Again, it is worth noting a Cap B-2 UE needs to support cross carrier scheduling first, while a Cap B-1 UE does not need to support cross carrier scheduling. A UE san choose support only Cap B-1 or only Cap B-2 based on implementations. This is important as there are legacy UEs supporting cross-carrier scheduling already and implementation change to be minimized to those UEs for generalizing new devices is always highly preferable, even though the design of DSS enhancement based on Option A could optionally be built based on single cell BD/CCE budget. In a long term, having BD/CCE limit only in a manner of subjecting to single cell budget without compatibility with the implementation of existing designs enabling cross-carrier scheduling from PCell to SCell would significantly penalize the deployment of this feature, or make it non-future proof to be further evolved.
Proposal 2: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of an SCell and the PCell, two UE capabilities are introduced for determining the UE BD/CCE capability for Type B UE with additional support of s1=α and s2=1-α.
PDCCH monitoring handling when sSCell is deactivated
At the RAN1 #105-e meeting, it is agreed to support CA activation/deactivation operation for the sSCell. In order to offload PDCCH from PCell to sSCell, USS sets for DCI formats 0_1, 1_1, 0_2, 1_2 may be configured so that the UE only monitors them on sSCell. In this case, once sSCell is deactivated, there is only fallback DCI scheduling PDSCH/PUSCH on PCell, which degrades the scheduling efficiency compared to even Rel-16. Therefore, in this case, UE can be configured/enabled additional USS sets for DCI formats 0_1, 1_1, 0_2, 1_2 on PCell, and once sSCell is deactivated, the additional USS sets on PCell are activated/valid. 
Proposal 3: Additional USS sets for DCI formats 0_1, 1_1, 0_2, 1_2 on PCell are activated when sSCell is deactivated in the case that the UE only monitors DCI formats 0_1, 1_1, 0_2, 1_2 on sSCell.
Conclusion
According to the above discussions, we have the following observation and proposals:
Proposal 1: For Type A UE, in overlapping [symbol/slot] of PCell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on PCell and configured to monitor search space sets on sSCell (for scheduling PCell), the UE drops the overlapped USS sets on sSCell, i.e. Possible Approach 2 is preferred.
[bookmark: _GoBack]Proposal 2: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of an SCell and the PCell, two UE capabilities are introduced for determining the UE BD/CCE capability for Type B UE with additional support of s1=α and s2=1-α.
Proposal 3: Additional USS sets for DCI formats 0_1, 1_1, 0_2, 1_2 on PCell are activated when sSCell is deactivated in the case that the UE only monitors DCI formats 0_1, 1_1, 0_2, 1_2 on sSCell.
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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:
	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:
	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:
	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:
	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)




RAN1 #105-e:
	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



RAN1 #106-e:
	Agreement
Specification supports dormant BWP operation on sSCell for a UE is configured CCS from sSCell to P(S)Cell. 
Agreement
· When CCS from sSCell to P(S)Cell is configured for a UE
· at least the number of PDCCH monitoring candidates monitored on sSCell (for scheduling P(S)Cell) is indicated to the UE using the SS set linking approach as in Rel16
Agreement
· At least for Type B UE, when the 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 (), and at least when UE is not provided monitoringCapabilityConfig for any cell, down select one from [based on Option A/C] or [based Option C] below
· [based on Option A/C]
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  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 [ or ] PDCCH BD candidates per sSCell slot (Note: this is assumed per Rel16)
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·   and   are based on RRC configuration and at least cases of  are supported
· FFS the following for [based on Option A/C]
· Distribution of PDCCH BD candidates between multiple sSCell slots overlapping a P(S)Cell slot including whether the above additional BD limitation is defined per sSCell slot or per P(S)Cell slot.
· Discuss further using following alternatives as starting point (other alternatives/further refinement of alternatives not precluded)
·  Alt1
· The additional BD limitation is per sSCell slot with further limitation that UE is not required to monitor more than  PDCCH BD candidates per sSCell slot
· Alt 2
· The additional BD limitation is per P(S)Cell slot and no further restrictions
· Alt 3
· The additional BD limitation is per P(S)SCell slot with below further limitation
· All search space configurations monitored on sSCell for cross-carrier scheduling to P(S)Cell are within a single span of 3 consecutive OFDM symbols within a duration spanning P(S)Cell slot
· Whether/how the definition of  or is modified compared to Rel16 when UE is configured with CCS from sSCell to P(S)Cell
· Whether separate  and   are configured by RRC or if  and only   is configured
· [based on Option C]
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  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 sSCell slot
· When determining  and 
· P(S)Cell self-scheduling is counted by applying scaling factor s1, 
· sSCell to PCell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
·   and    
· FFS the following
· Allowed combinations of s1 and s2 , and whether they are fixed or configured via RRC
· Whether/how the definition of  or is modified compared to Rel16 when UE is configured with CCS from sSCell to P(S)Cell

· FFS the following
· Multi-TRP handling
· PDCCH BD handling when monitoringCapabilityConfig = r16monitoringcapability is configured for any cell
Agreement
· Endorse below TP to 38.300 from RAN1 perspective
· Send LS to RAN2 with the TP and list of RAN1 agreements, to update Stage 2 spec are needed to reflect the RAN1 agreements



RAN1 #106b-e:
	Agreement
Option A is supported in Rel-17
· At least for Type B UE, when the 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 (),[and at least when UE is not provided monitoringCapabilityConfig for any cell]
· Option A
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  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 [ or ] PDCCH BD candidates per sSCell slot
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·   is based on RRC configuration 
·   is used for P(S)Cell overbooking procedure
· When determining  and  
· P(S)Cell self-scheduling is counted by applying scaling factor s1 
· sSCell to P(S)Cell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
· s1=1 and s2=0, FFS other s1 and s2
· UE capability/incapability indication for below to be discussed as part of UE features discussion
· All search space configurations monitored on sSCell for cross-carrier scheduling to P(S)Cell are within a single span of [3] consecutive OFDM symbols within a duration spanning P(S)Cell slot
· Same approach as above is used for CCE limits
· FFS: Separate vs. same RRC configured scaling factors (corresponding to ) for BD and CCE limits.
· When P(S)Cell SCS () is larger than sSCell SCS (), for CCS from sSCell to P(S)Cell and, it is not supported Rel-17 DSS.
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