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Introduction
In this contribution, we discuss some further details of the BD/CCE limit handling, as well as some other remaining issues. 
Discussion
BD/CCE limits
According to the agreements of RAN1 #106b-e meeting and RAN1 #107-e meeting, if no additional set of (s1, s2) except for (s1=1, s2=0) is introduced, the BD/CCE handling is as follows:
	Option A is supported in Rel-17
· 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 ()
· 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
· 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



The necessity of introducing Cap B-1 UE and Cap B-2 UE
UE may choose different implementations to support cross-carrier scheduling from sSCell to PCell. Here we discuss two implementations. One implementation is suitable for UEs that do not support cross-carrier scheduling, and the other implementation is suitable for UEs that support cross-carrier scheduling.
The typical case of PCell SCS 15 kHz and sSCell SCS 30 kHz in DSS is taken as an example.
For discussion simplicity, 
	We 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 15 kHz CC group for both cross-carrier scheduling from sSCell to PCell and self-scheduling of PCell. Cap B-2 UE uses BDs/CCEs for 15 kHz CC group for self-scheduling of PCell and additionally/separately uses BDs/CCEs for 30 kHz CC group for cross-carrier scheduling from sSCell to PCell, in the example.



First of all, we want to clarify the note in WID (highlighted in yellow below), which has been cited many times in previous meetings and misunderstanding of it could lead to significant design difference, resulting in unnecessary performance degradation. 
	Objective in WID:
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



'The total PDCCH blind decoding budget' for a scheduled cell is determined by the SCS configuration of the related scheduling cell according to the current standard. Therefore,
· For a Rel-15 UE supporting basic CA operation without cross-carrier scheduling, 'the total PDCCH blind decoding budget' is determined by the SCS configuration of the scheduling cell, which is also the scheduled cell which does not differ any BD/CCE limit. For example, for a 15 kHz self-scheduling cell, 'the total PDCCH blind decoding budget' is determined by 15 kHz. The BD budget is 44 per 15 kHz slot and the CCE budget is 56 per 15 kHz slot. Based on this type of UE implementation, if a UE that does not support cross-carrier scheduling wish to support cross-carrier scheduling from sSCell to PCell (Cap B-1 UE), then the note means ‘the total PDCCH blind decoding budget’ of PCell, that is 44 BDs per 15 kHz slot and the 56 CCEs per 15 kHz slot, should not be changed.
· On the other hand, for UEs that support cross-carrier scheduling, 'the total PDCCH blind decoding budget' is determined by the SCS configuration of the scheduling cell, not the SCS configuration of the scheduled cell. For example, for a 15 kHz scheduled cell scheduled by a 30 kHz scheduling cell, 'the total PDCCH blind decoding budget' is determined by the SCS configuration of the scheduling cell, which is 30 kHz, not the SCS configuration of the scheduled cell, which is 15 kHz. The BD budget is 36 per 30 kHz slot and the CCE budget is 56 per 30 kHz slot.
[image: ] 
Figure 1. 'The total PDCCH blind decoding budget' of a scheduled cell with SCS configuration 15 kHz

Given the above, if a UE that supports Rel-16 cross-carrier scheduling operation also supports cross-carrier scheduling from sSCell to PCell (Cap B-2 UE), the unchanged UE capability can be guaranteed by either looking at the scheduling cells without exceeding their BD/CCE limit respectively, i.e. in the example, not exceeding 44*offloading ratio for PDCCHs on 15 kHz PCell and 36*(1-offloading ratio) for PDCCHs on 30 kHz sSCell, or, by checking the total sum of BD/CCE limits from two cells together if a UE shares their hardware resources across two scheduling cells (but not limited to be used by one cell at a time). 
The following figure shows the BD/CCE limits when offloading ratio is 50%.
[image: ]
Figure 2. The BD/CCE limits for Cap B-1 UE and Cap B-2 UE when offloading ratio is 50%

Observation: The described Cap B-2 UE does not exceed the WID requirements and follow an existing UE implementation as one type of UE capability.

Compared to Cap B-1 UE, Cap B-2 UE has some advantages:
· More BD/CCE capability
The total BD/CCE limits per 15 kHz slot for both cross-carrier scheduling from sSCell to PCell and self-scheduling of PCell without considering the limit of carrier group are listed in the table below. As discussed above, 'the total PDCCH blind decoding budget' of PCell for Cap B-2 UEs do not need to be limited by 44 BDs and 56 CCEs per PCell slot, so when , the total BD/CCE limits per 15 kHz slot can be larger than 44/56. Obviously, the BD/CCE limits of Cap B-2 UE are much greater than the BD/CCE limits of Cap B-1 UE, especially when  takes a smaller value. Cap B-2 UE can offload the PDCCHs on PCell more effectively. 
Table 1 – BD/CCE limits per PCell slot for both cross-carrier scheduling and self-scheduling 
(15 kHz SCS for PCell, 30 kHz SCS for sSCell)
	
	Cap B-1 UE
	Cap B-2 UE

	
	
	
	
	

	total BD limit per 15 kHz slot
	44
	44
	58 (44/2+36/2*2)
	72 (36*2)

	total CCE limit per 15 kHz slot
	56
	56
	84 (56/2+56/2*2)
	112 (56*2)



· More flexible PDCCH monitoring occasions configuration
Some UEs only support USS configured within the first 3 symbols of a scheduling cell slot. Now let's consider that this type of UE supports cross-carrier scheduling from sSCell to PCell. Since Cap B-1 UE uses BDs/CCEs for 15 kHz CC group for both cross-carrier scheduling from sSCell to PCell and self-scheduling of PCell, it requires USS(s) on sSCell for cross-carrier scheduling to PCell configured within the first 3 OFDM symbols of a PCell slot, i.e., within the first 3 OFDM symbols of the first sSCell slot of the two sSCell slots overlapping with a PCell slot. 
On the other hand, Cap B-2 UE is more capable and does not require this limit. Cap B-2 UE uses BDs/CCEs for 15 kHz CC group for self-scheduling of PCell and separately uses BDs/CCEs for 30 kHz CC group for cross-carrier scheduling from sSCell to PCell. Therefore, Cap B-2 UE should be able to support USS(s) configured on sSCell within the first 3 symbols of any sSCell slot, instead of within the first 3 symbols of any first sSCell slot of the two sSCell slots overlapping with a PCell slot. Therefore, compared with Cap B-1 UE, the configuration of PDCCH monitoring occasions for Cap B-2 UE can be more flexible.

[image: ]  
Figure 3. Both cross-carrier scheduling and self-scheduling in a PCell slot

In conclusion, Cap B-2 UE has more BD/CCE capability than Cap B-1 UE, and more flexible PDCCH monitoring occasion configuration than Cap B-1 UE. 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 can 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.

BD/CCE handling for Cap B-2 UE
Determining  and 
It is reasonable to set  for 15 kHz CC group and  for 30 kHz 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
Since BDs/CCEs for 30 kHz CC group are used for cross-carrier scheduling, , offloading ratio and  need to be considered, then  needs to be ensured.

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. As discussed before, this is suitable only for Cap B-1 UE who does not support legacy cross-carrier scheduling operation, with ‘the total PDCCH blind decoding budget’ of PCell defined on PCell slot. 
While for Cap B-2 UE, ‘the total PDCCH blind decoding budget’ of PCell should be defined on sSCell slot, not necessary on PCell slot. Therefore, for Cap B-2 UE, 
· For cross-carrier scheduling PCell, the BD/CCE limit per PCell slot on sSCell can be removed. 
· For self-scheduling on PCell, , offloading ratio and  need to be considered, then needs to be ensured. 

In summary, the target operation for two types of UE can be provided as below:
	Option A is supported in Rel-17
· 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 ()
· 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-1 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 not required to monitor more than  PDCCH BD candidates per sSCell slot
·   is based on RRC configuration 
·   is used for P(S)Cell overbooking procedure for Cap B-1 UE;is used for P(S)Cell overbooking procedure for Cap B-2 UE
· 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.



An example
Assume the scenario that the UE is configured with 5 CCs: 1 CCs with SCS 15 kHz (the PCell) and 4 CC with SCS 30 kHz (including the sSCell). 
[image: ]
Figure 4. CA configuration with multiple CCs using SCS of 30 kHz

When (s1=1, s2=0) is used 
, .

According to the agreements that is suitable for Cap B-1 UE, on PCell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per PCell slot. When the target PDCCH offloading ratio is 50%, which means the network aims to keep about 50% BDs for PCell self-scheduling, i.e., 


According to Cap B-2 UE implementation
· The BD limit for 15 kHz CC group per 15 kHz slot is . Since there is only one cell with SCS configuration 15 kHz in this example, i.e., the PCell, Cap B-2 UE reserves 35 BDs on PCell per 15 kHz slot for self-scheduling. 
 
Note that when  is 0.5, 18(=35-17) of these 35 BDs that is capable by Cap B-2 UE will be wasted if requirement designed for Cap B-1 UE is implemented for the same UE. When the value of  is smaller, the number of wasted BDs will be larger.

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:
	[bookmark: _Toc12021483][bookmark: _Toc20311595][bookmark: _Toc26719420][bookmark: _Toc29894855][bookmark: _Toc29899154][bookmark: _Toc29899572][bookmark: _Toc29917309][bookmark: _Toc36498183][bookmark: _Toc45699210][bookmark: _Toc83289682]10.1.1	Self-carrier and cross-carrier scheduling on the primary cell
A UE can be configured for scheduling on the primary cell from the primary cell and from a secondary cell [12, TS 38.331]. The UE is either not provided monitoringCapabilityConfig or the UE is provided only monitoringCapabilityConfig = r15monitoringcapability for the primary cell and for the secondary cell. The UE is not provided coresetPoolIndex on the primary cell or on the secondary cell.
The SCS configuration  for the active DL BWP on the primary cell is smaller than or equal to the SCS configuration  for the active DL BWP on the secondary cell.
If , UE determines  and , and determines  and , by includingcounting 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.
For scheduling on the primary cell from the primary cell, when s1=1, the UE is not required to monitor more than  PDCCH candidates per slot or more than  non-overlapping CCEs per slot on the active DL BWP of the primary cell, where  is provided by PCell-CCSscaling. For scheduling on the primary cell from the primary cell, when , the UE is not required to monitor more than  PDCCH candidates per slot or more than  non-overlapping CCEs per slot on the active DL BWP of the primary cell.
For scheduling on the primary cell from the secondary cell, when s1=1, the UE is not required to monitor on the active DL BWP of the secondary cell more than
-	 PDCCH candidates per slot or more than  non-overlapping CCEs per slot of the active DL BWP of the secondary cell
-	 PDCCH candidates per slot or more than  non-overlapping CCEs per slot of the active DL BWP of the primary cell
For scheduling on the primary cell from the secondary cell, when , the UE is not required to monitor on the active DL BWP of the secondary cell more than
-	 PDCCH candidates per slot or more than  non-overlapping CCEs per slot of the active DL BWP of the secondary cell
If , when s1=1, the UE does not count PDCCH candidates and non-overlapping CCEs that the UE monitors for scheduling on the primary cell from the secondary cell towards  and , respectively. 
If , when s1=1, the UE counts PDCCH candidates and non-overlapping CCEs that the UE monitors for scheduling on the primary cell from the secondary cell towards  and , respectively. 

For allocation of PDCCH candidates and non-overlapping CCEs to search space sets for scheduling on the primary cell from the primary cell, when s1=1, the UE applies the procedure in clause 10.1 using  instead of , and using  instead of  for the primary cell.
For allocation of PDCCH candidates and non-overlapping CCEs to search space sets for scheduling on the primary cell from the primary cell, when, the UE applies the procedure in clause 10.1 using  instead of , and using  instead of  for the primary cell.



Proposal 1: 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.
[bookmark: _GoBack]
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 with additional USS sets for DCI formats 0_1, 1_1, 0_2, 1_2 (if supported by the UE) on PCell, and once sSCell is deactivated, the additional USS sets on PCell are activated/valid. 
Proposal 2: Additional USS sets for DCI formats 0_1, 1_1, 0_2, 1_2 on PCell are activated/available 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:
Observation: The described Cap B-2 UE does not exceed the WID requirements and follow an existing UE implementation as one type of UE capability.

Proposal 1: 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 2: Additional USS sets for DCI formats 0_1, 1_1, 0_2, 1_2 on PCell are activated/available when sSCell is deactivated in the case that the UE only monitors DCI formats 0_1, 1_1, 0_2, 1_2 on sSCell.

References
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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.



RAN1 #107-e:
	Agreement
If no additional set of (s1, s2) is introduced, 
· For Option A BD/CCE limit handling and (s1=1, s2=0) agreed in RAN1#106bis-e,
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot
Agreement
BD/CCE limits for Type B UEs are applicable for Type A UEs supporting cross-carrier scheduling from sSCell to P(S)Cell.

Agreement
· Following approaches for PDCCH monitoring and BD limit handling is supported for Type A UE
· Additional simplifications to PDCCH monitoring 
· 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’

Agreement
Confirm the WA from RAN1#106bis-e with addition of below Note (shown in blue)
Working Assumption
· [bookmark: _Hlk87469634]When CIF for sSCell to Pcell cross-carrier scheduling is configured, non-fallback DCI formats on P(S)Cell include same number of CIF bits as the corresponding non-fallback DCI formats on sSCell that are used for sSCell to P(S)Cell scheduling 
· Note: per RAN1#102-e agreement, when sSCell to P(S)Cell scheduling is configured for the UE, cross-carrier scheduling from P(S)Cell to another cell is not allowed. The CIF bits included in non-fallback DCI formats on P(S)Cell are considered reserved.

Agreement
When CCS from sSCell to P(S)Cell is configured for the UE,
· Multiple CORESET pools are not configured for PDCCH monitoring on P(S)Cell and not configured for PDCCH monitoring on sSCell; 
· Other Scells can be configured with multiple CORESET pools
Agreement
For Option A BD/CCE limit handling agreed in RAN1#106bis-e
· Value of parameter  for BD limit handling is configured via RRC from a set of
· 8 possible values  
Agreement
For Option A BD/CCE limit handling agreed in RAN1#106bis-e
· For CCE limit handling (i.e., scaling of maximum number of non-overlapping CCEs)
· same parameter  agreed for BD limit handling is used
Agreement
When CCS from sSCell to P(S)Cell is configured for the UE,
· r16monitoringcapability is not configured for PDCCH monitoring on P(S)Cell and not configured for PDCCH monitoring on sSCell;
· r16monitoringcapability can be configured for PDCCH monitoring on Scells other than sSCell.
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