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Introduction
In this document, we discuss further details of search space and BD/CCE handling to support cross-carrier scheduling from an SCell to PCell/PSCell.
Discussion
PDCCH monitoring and BD/CCE limits
USS
Several options for PDCCH monitoring and BD/CCE limits for USS were discussed in previous meetings and following working assumption and agreement were made.

Agreement (RAN1#104b-e)
PDCCH overbooking on sSCell USS set(s) is not allowed


Working Assumption (RAN1#104-e)
· [bookmark: _Hlk68252247]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.


As per the WA, the UE can be configured to monitor non-fallback DCI formats that schedule PDSCH/PUSCH on PCell/PSCell on both PCell/PSCell USS set(s), and/or on sSCell USS set(s).

Figure 1 below illustrates the Rel16 USS set configuration for an example CCS scenario to serve as a baseline for enhanced CCS discussion. In the figure SCell1 serves as scheduling cell for SCell2. PCell is self-scheduled.
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Figure 1 – cross-carrier scheduling search-space configuration for example Rel16 scenario


Figures 2a,2b,2c show different options for USS set up in Rel17 for SCell to PCell scheduling. The figures correspond to Alt 2-1,2-2 and 2-4 (discussed in RAN1#103-e, related agreement in Annex A) respectively. In the figures, the arrows with outline illustrate PDCCH monitoring instances based on allowed search space set configuration for each option. The filled arrows illustrate search space instances that are actually used for scheduling PDSCH/PUSCH. As agreed in previous meetings, overlapping PCell PDSCH/PUSCH cannot be simultaneously scheduled from both PCell and sSCell.

Figure 2a (i.e., Alt2-1) is based on replicating the Rel16 USS configuration to Rel17 SCell to PCell scheduling from perspective of scheduling cell (i.e., sSCell). As discussed in [1], this alternative has least impact on primary cell self-scheduling (p-p) while providing opportunity to use sSCell-to-primary cell scheduling (s-p) whenever needed/possible. For example, (s-p) scheduling can be used from PCell slot b if there is lack of PDCCH resources on PCell. Similarly, if the sSCell PDCCH is not available (e.g. due to sSCell deactivation, or bad channel condition), from PCell slot g, the scheduling can seamlessly switch to (p-p) without need for any additional RRC re-configuration, L1/MAC switching signaling etc.
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Figure 2a – Alt 2-1 for SCell to PCell scheduling

Figure 2b illustrates Alt2-2. With this alternative, the PDCCH monitoring for the USS that schedules PCell PDSCH/PUSCH has to be switched between PCell and sSCell. Taking the example in previous figure, if  (s-p) scheduling is needed from PCell slot b (e.g. due to lack of PCell PDCCH resources), a switching command has to be sent to the UE (e.g. by L1 or MAC signaling on sSCell or using the next available PDCCH resource on PCell). Similarly, another switching command is needed to revert to (p-p) scheduling when sSCell PDCCH is not available (e.g. by using the next available PDCCH resource on PCell). Implicit SS set switching e.g. based on activation/deactivation of sScell was also discussed as another possible option for the switching. This option impacts PCell scheduling during the switching instances (extent of impact depends on switching delay and availability of resources to send switching commands). It also requires specification of switching mechanism(s). 
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Figure 2b – Alt 2-2 for SCell to PCell scheduling

Figure 2c illustrates Alt2-4. This alternative is similar to 2-1 except that it restricts the USS configurations to only those slots that do not require the UE to simultaneously monitor non-fallback DCI formats on both PCell USS set(s) and sSCell USS set(s). 
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Figure 2c – Alt 2-4 for SCell to PCell scheduling

As seen from the above figure, at least for some combinations (i.e., PCell 15kHz SCS and sSCell 30kHZ SCS), this alternative also allows SCell to PCell scheduling with minimal impact on PCell operation (i.e., similar to Alt 2-1). However, the motivation for the configuration restriction is unclear. From implementation perspective, for CA, simultaneous monitoring of PDCCH candidates on both PCell and SCell(s) is anyway required (i.e., the USS candidates for sSCell self-scheduling and PCell self-scheduling can already overlap in time per Rel15/Rel16 framework and Rel17 agreements). Given this, adding a constraint only for the (s-p) USS candidates appears artificial. One consequence of the restriction is that it forces uneven allocation of PDCCH BD candidates between different sSCell slots which complicates scheduling on sScell especially in scenarios where the UE is configured with additional SCells (e.g. 4 or 8 FR2 cells) for which the sSCell serves as scheduling cell. Considering this, Alt 2-1 is preferable over Alt 2-4 unless the constraints related to Alt 2-4 can be clearly motivated.

Proposal 1
· Support Alt-2-1 for PDCCH non-fallback USS handling when CCS from sSCell to primary cell is configured
a) Note : As discussed in RAN1#103-e, Alt 2-1 =>When sSCell to primary cell CCS is configured, UE can monitor ‘DCI formats 0_1,1_1,0_2,1_2 scheduling PDSCH/PUSCH on PCell/PSCell’ on both PCell USS set(s) and sSCell USS sets simultaneously

CSS
CSS is used for SI scheduling, Paging procedures, RACH procedures, and UE-specific PDSCH/PUSCH scheduling using fallback DCI formats (e.g. RRC reconfiguration). CSS sets configured via PDCCH-ConfigCommon should be same for all UEs in the cell including legacy Rel15/16 UEs. If any restrictions on CSS are introduced due to configuration of CCS from sSCell to PCell, those restrictions not only apply to all Rel17 UEs (including those UEs not configured with CA or SCell to Pell CCS) but also limit the operation for Rel15/16 compared to what is already possible. 
In RAN1#104b-e, limiting CSS PDCCH monitoring to only some P(S)Cell slots was proposed as one of the options of PDCCH monitoring (Alt 2-4a in [2]). For example, if only those PCell slots overlapping with TDD sSCell’s UL slots are used for PCell CSS (as suggested in RAN1#104-b-e discussion), assuming sSCell has 20% UL slots, the PCell CSS is restricted to 20% of PCell DL slots. Such a limitation has significant negative impact on system operation.
Introducing restrictions on PCell CSS slots degrades DSS performance for all UEs in the cell (including legacy Rel15/16 UEs) and such restrictions should not be supported. This is also consistent with CSS related agreements in previous meetings which were aligned with Rel15/16 operation. 
Proposal 2
· For UEs configured with sSCell to PCell scheduling, PCell CSS monitoring can be configured in all slots as in Rel15/16, and no additional restrictions are introduced for Rel17.

BD/CCE limits
We first discuss cases considering the per-slot limits (UE is not provided monitoringCapabilityConfig-r16).

For Rel15/16 the limit for UE PDCCH monitoring for PCell having SCS configuration is  where  is related to multi-TRP operation and is based on UE capability parameter blindDetectFactor-r16 and higher RRC configuration of BDFactorR for the UE.
Considering e.g. PCell with 15kHz SCS, the UE provisions PDCCH processing resources that can handle 44 BDs, and for Rel15/16 all the PDCCH processing resources for PCell scheduling are provisioned on the PCell since that is the scheduling cell.
For Rel17, when sSCell is used to schedule the PCell, the UE provisions PDCCH processing resources on both PCell and sSCell for PCell scheduling. 
For example, if the BD candidates PCell CSS (x1), PCell USS (x2) and sSCell USS (y1) are configured as below Table 1, then, the provisioned PDCCH processing resources for PCell scheduling would be less than or equal 44 per 1ms. The difference from Rel16 is that that these resources have to be split between PCell and sSCell. They are split semi-statically for PDCCH monitoring Alt 2-1,2-4 and dynamically for Alt 2-2. Alt 2-4 imposes certain additional restrictions as discussed above. 
Note: Option A, Z1, Option B, Z2 are according to the terminology used is RAN1#104b-e discussions [1] (also copied in Annex for reference)

Table 1 – Example E1 for PDCCH BD candidate configuration
	
	PSCell slots

	 
	m1
	m2

	x1 - #BDs for PCell CSS 
	12
	12

	x2 - #BDs for PCell USS
	12
	12

	y - #BDs for all sSCell slots overlapping with a PSCell slot
	20
	20

	total per slot (Z2 in Option B)
	44
	44

	total across slots (Z1 in Option A)
	44



Table 2 below shows another example E2. To support this, the UE has to do one of the following
a) provision PDCCH processing resources for 44BDs on the PCell and for 32 BDs on sSCell semi-statically which results in total of 76BDs although in a given slot no more than resources corresponding to 44BDs are used (and no need to switch PDCCH processing resources due to over-provisioned resources), or 
b) provision PDCCH processing resources for 44BDs and switch them between PCell and sSCell according to a semi-static pattern for Alt 2-1,2-4 or dynamically based on switching command for Alt 2-2. 

Table 2 – Example E2 for PDCCH BD candidate configuration

	
	PSCell slots

	 
	m1
	m2

	x1 - #BDs for PCell CSS 
	12
	12

	x2 - #BDs for PCell USS
	0
	32

	y - #BDs for all sSCell slots overlapping with a PSCell slot
	32
	0

	total per slot (Z2 in Option B)
	44
	44

	total across slots (Z1 in Option A)
	76



If seamless switching (i.e., without switching gaps, interruptions etc.) of PDCCH processing resources between PCell and sSCell between different slots (either according to a semi-static pattern or dynamically) can be supported by UEs, then Option B (discussed in RAN1#104b-e) can be supported as it provides more flexibility. 
However, if seamless switching cannot be supported, BD/CCE limits according to Option A will determine overall complexity. With Option A, our understanding is that on the PCell, the UE has to provision PDCCH processing resources corresponding to max (x1+x2) with maximum taken across all slots on Pcell (i.e., 24 for E1 and 44 for E2 above). Similarly, on the sSCell UE has to provision resources corresponding to max (y) with maximum taken across all slots on sSCell (i.e., 20 for E1 and 32 for E2 above). If the UE can provision the PDCCH processing resources in such manner, then Alt 2-4 does not seem to be useful, unless the UE can switch PDCCH processing resources between PCell and sSCell (in which case it is equivalent to functionality of Option B which provides better flexibility).
Based on UE vendor inputs in RAN1#104b-e, Option A with Z1=44 for 15kHz PCell SCS seemed preferable from UE implementation perspective and Alt 2-1 + Option A provides a balanced framework take into account UE complexity. 
If UEs can support Option B with Z2=44, then Alt 2-2 + Option B or Alt 2-4 + Option B can also be considered.

Detailed design for Option A is described below.
As discussed in RAN1#104b-e,  Z1 can be set as  i.e. ensure that the per-P(S)Cell slot limit (e.g. 44 BDs/ 1ms in 15 kHz P(S)Cell case) is maintained across both P(S)Cell and sSCell using  as SCS configuration of the P(S)Cell. The existing PDCCH BD/CCEs limits based on numerology buckets are applicable as is. Since P(S)Cell USS sets may be dropped due to overbooking, an additional per-P(S)Cell slot BD/CCE limit can be supported by either explicitly signaling the maximum number of BDs/CCEs per slot of P(S)Cell, or by using scaling factor ( and  <1 configured by RRC. Additionally, the per-slot limits of scheduling cell (i.e. 44 BDs per slot of P(S)cell, 36 BDs per slot of sSCell) are applicable as is from existing specification. 
Proposal 3 
· Adopt the following for BD/CCE handling (based on 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 following is supported
· Z1 is given by  ,  is SCS configuration of the P(S)Cell
· max(x1(m1) + x2(m1)) < = 
· Note: UE applies PDCCH overbooking on P(S)Cell based on the limit 
· is configured by RRC 
· the UE is not required to monitor on the active DL BWP with SCS configuration  of the P(S)Cell (SCell) more than  PDCCH candidates per slot of P(S)Cell (sSCell) 
· Configuration of CCS from sSCell to PCell does not change   computation 
· Similar framework adopted for CCE limit handling (separate scaling factor is configured by RRC for the CCE limit)
· Terminology
· 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)

Similar to multi-TRP operation for Rel16, having a limit (i.e., Z1) that can be larger than  should also be supported to provide additional flexibility if UEs capable of providing it are available.
The more flexible case can be supported by considering (s-p) scheduling as an additional scheduling cell. Details are explained below.
According to current specs,
If 


For a scheduling cell having SCS configuration , UE is not required to monitor more than   PDCCH candidates on the active DL BWP of the scheduling cell, where 
 for 
 for 

If 

For scheduling cell(s)  having SCS configuration from  downlink cells, UE is not required to monitor more than a total of    PDCCH candidates on the active DL BWP(s) of the scheduling cell(s) where 
 

and, for each scheduled cell, UE is not required to monitor more than below BDs on the active DL BWP of the scheduling cell having SCS configuration 
	   for 
	 for 
 for same CORESETPoolIndex value 

Where  is is related to multi-TRP operation. If the UE has to receive PDCCHs that schedule PDSCH on a CC from separate TRPs (i.e., CORESET pools with different index values), specs allow increased provisioning of BD/CCEs for that CC if the UE indicates R=2 (using capability parameter blindDetectFactor-r16), and is configured with  (using higher layer parameter BDFactorR).

Table 1 shows example max BDs that can be configured for a UE for case when UE is configured with a PCell with 15kHz SCS and 4 SCells with 30kHz SCS (i.e., total configured cells=5), and reports pdcch-BlindDetectionCA =4.

Table 2 shows the max BDs for multi-TRP case when UE is configured with separate CORESET pools for one of the 4 SCells (SCell S1), reports    , ,  and for max BDs, reports a capability pdcch-BlindDetectionCA =4.
For Rel17 SCell to PCell scheduling, BD/CCE handling can be adapted similarly by counting (s-p) scheduling as an additional cell in the LHS part of  the conditions ,  specified in sub-clause 10.1 of 38.213. 

Table 3 below shows max BDs for the same example used for Table 1 but with SCell to PCell configured for the UE with from SCell S1 and UE reporting pdcch-BlindDetectionCA =4. As shown in the Table, with this approach, total #BDs capability for the UE is not increased compared to no SCell to PCell scheduling case. Instead the BDs for (s-p) operation are borrowed equitably from other scheduling combinations similar to the approach specified for multi-TRP. i.e., PCell self-scheduling max BDs are scaled down from 44 to floor(44*4*(1/6))=29. The (s-p) combination is considered as one more SCell that needs to be scheduled with scheduling cell SCS same as sSCell (i.e., S1), resulting in the max BDs for scheduling cells with 30 kHZ SCS being scaled down to floor(36*4*(5/6))=120.


Table 1 – Rel16 max #BD, no multi-TRP

	scheduling
	m-TRP?
	Max PDCCH BDs per slot

	P->P
	n
	b1=35

	S1->S1
	n
	b2<=36 such that b2+b3+b4+b5 <= 115

	S2->S2
	n
	b3<=36 such that b2+b3+b4+b5 <= 115

	S3->S3
	n
	b4<=36 such that b2+b3+b4+b5 <= 115

	S4->S4
	n
	b5<=36 such that b2+b3+b4+b5 <= 115

	
	
	total = (115 @30kHz) +35 @15kHz



Table 2 –Rel16 max #BD, multi-TRP with  and two CORESET pools on SCell S1 

	scheduling
	m-TRP?
	Max PDCCH BDs per slot

	P->P
	n
	b1=29

	S1->S1
	y
	b2<=72 such that b2+b3+b4+b5 <= 120

	S2->S2
	n
	b3<=36 such that b2+b3+b4+b5 <= 120

	S3->S3
	n
	b4<=36 such that b2+b3+b4+b5 <= 120

	S4->S4
	n
	b5<=36 such that b2+b3+b4+b5 <= 120

	
	
	total = (120 @30kHz) + 29 @15kHz 



Table 3 –max #BDs with Rel17 SCell to PCell scheduling from SCell S1

	scheduling
	m-TRP?
	Max PDCCH BDs per slot

	P->P
	n
	b1=29

	S1->S1
	n
	b2 <= 36 such that b2+b3+b4+b5+b6 <=120

	S2->S2
	n
	b3 <= 36 such that b2+b3+b4+b5+b6 <=120

	S3->S3
	n
	b4 <= 36 such that b2+b3+b4+b5+b6 <=120

	S4->S4
	n
	b5 <= 36 such that b2+b3+b4+b5+b6 <=120

	S1->P
	n
	b6 <= 36 such that b2+b3+b4+b5+b6 <=120

	
	
	total = (120 @30kHz) +29 @15kHz




Corresponding Proposal with enhanced BD/CCE limits where Z1 can be larger than 44 for 15kHz P(S)Cell  is as follows. Note: For this case, there is no need to capture a separate Z1 limit explicitly in the specification as it is implicitly given by PDCCH BD limits for P(S)Cell and sSCell computed using above approach.
Proposal 4 
· For enhanced BD/CCE limits (e.g. allowing more than 44 BDs per 1ms across 15kHZ SCS P(S)Cell and sSCell), adopt the following 
·  is computed by counting (s-p) scheduling as an additional scheduling cell in the LHS part of  the conditions ,  specified in sub-clause 10.1 of 38.213. 
· if UE indicates pdcch-BlindDetectionCA
·  is given by pdcch-BlindDetectionCA indicated by the UE
· (s-p) scheduling is considered to be included within UE reported pdcch-BlindDetectionCA.
· If UE does not indicate pdcch-BlindDetectionCA,
·  is given by the number of configured downlink serving cells
· The UE is not required to monitor on the active DL BWP with SCS configuration  of the P(S)Cell (SCell) more than  PDCCH candidates per slot of P(S)Cell (sSCell) 
· Similar framework adopted for CCE limit handling 
PDCCH Search space set configuration
For the case of sSCell scheduling PDSCH/PUSCH on primary cell, it is desirable to have the flexibility for the sSCell to schedule any one of the below possibilities
· sSCell used only for scheduling UL grants for primary cell
· sSCell used for scheduling both UL grants and DL assignments for primary cell
· sSCell used only for scheduling DL assignments for primary cell
With current PDCCH search space set configuration, when a USS is configured, the UL and DL DCI formats for that search space are constrained to be configured together. i.e., the IE dci-Formats can only be formats0-1-And-1-1 or formats0-0-And-1-0. Due to this, when the DCI sizes of UL and DL grants are different (as is usually the case with DCI format 0-1 and DCI format 1-1), the UE has to do two BDs for each configured PDCCH monitoring candidate, one corresponding to each DCI format.

To support the above possibilities without unnecessary increase of PDCCH BD overhead on sSCell, the option of configuring DCI formats individually for PUSCH scheduling or for PDSCH scheduling or for both PUSCH and PDSCH scheduling should be supported as part of the search space set configuration used for sSCell to primary cell scheduling. 
Proposal 5
· For CCS from sSCell to primary cell, configuration of individual DCI format(s) (e.g. only DCI format 0-1, only DCI format 1-1) should be supported as part of the corresponding search space set configuration. 

Search space set configuration aspects were also discussed in RAN1-104bis-e. 

For Alt 2-4, the search space sets for (s-p) scheduling should be configured in a subset of slots of the sSCell, while (s-s) scheduling should be allowed in all slots of the sSCell. With linked SS approach, this needs separate configuration of (s-p) and (s-s) search space sets. This can be done implicitly by creating extra search space set(s) on the sSCell for (s-p) scheduling with 0 BDs configured for (s-s) scheduling on those sets. Otherwise, the (s-s) case will have unnecessary limitations. 

For Alt 2-2 a ‘fall-back’ search space on PCell should be configured. Otherwise, switching of PDCCH BDs from sSCell to PCell (e.g. based on sSCell activation/deactivation) is not possible.

Alt 2-1 works with existing framework and no additional changes are strictly necessary. However, Alt 2-1 can also benefit from the ‘fall-back’ search space to restore full set of #BDs/CCEs on PCell when sSCell is deactivated. This can be helpful especially in some cases when the limit Z1 = is set according to Option A as described in section 2.1.3
Conclusions
In this document we discuss further details for cross-carrier scheduling from an SCell (referred to as sSCell) to PCell/PSCell (primary cell) and propose the following

Proposal 1
· Support Alt-2-1 for PDCCH non-fallback USS handling when CCS from sSCell to primary cell is configured
a) Note : As discussed in RAN1#103-e, Alt 2-1 =>When sSCell to primary cell CCS is configured, UE can monitor ‘DCI formats 0_1,1_1,0_2,1_2 scheduling PDSCH/PUSCH on PCell/PSCell’ on both PCell USS set(s) and sSCell USS sets simultaneously
Proposal 2
· For UEs configured with sSCell to PCell scheduling, PCell CSS monitoring can be configured in all slots as in Rel15/16, and no additional restrictions are introduced for Rel17.

Proposal 3 
· Adopt the following for BD/CCE handling (based on 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 following is supported
· Z1 is given by  ,  is SCS configuration of the P(S)Cell
· max(x1(m1) + x2(m1)) < = 
· Note: UE applies PDCCH overbooking on P(S)Cell based on the limit 
· is configured by RRC 
· the UE is not required to monitor on the active DL BWP with SCS configuration  of the P(S)Cell (SCell) more than  PDCCH candidates per slot of P(S)Cell (sSCell) 
· Configuration of CCS from sSCell to PCell does not change   computation 
· Similar framework adopted for CCE limit handling (separate scaling factor is configured by RRC for the CCE limit)
· Terminology
· 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)

Proposal 4 
· For enhanced BD/CCE limits (e.g. allowing more than 44 BDs per 1ms across 15kHZ SCS P(S)Cell and sSCell), adopt the following 
·  is computed by counting (s-p) scheduling as an additional scheduling cell in the LHS part of  the conditions ,  specified in sub-clause 10.1 of 38.213. 
· if UE indicates pdcch-BlindDetectionCA
·  is given by pdcch-BlindDetectionCA indicated by the UE
· (s-p) scheduling is considered to be included within UE reported pdcch-BlindDetectionCA.
· If UE does not indicate pdcch-BlindDetectionCA,
·  is given by the number of configured downlink serving cells
· The UE is not required to monitor on the active DL BWP with SCS configuration  of the P(S)Cell (SCell) more than  PDCCH candidates per slot of P(S)Cell (sSCell)
· Similar framework adopted for CCE limit handling 

Proposal 5
· For CCS from sSCell to primary cell, configuration of individual DCI format(s) (e.g. only DCI format 0-1, only DCI format 1-1) should be supported as part of the corresponding search space set configuration. 
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Annex
UESS handling options as discussed in RAN1#103-e are given below
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)
· Below alternatives can be considered in the discussion (other alternatives are not precluded)
· Alt 1: When CCS from sSCell to PCell/PSCell is configured, 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: 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 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
· FFS activation/deactivation of scheduling from sSCell to PCell/PSCell
· 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 (e.g. based on SS group switching, based on BWP switching,…)
· 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 including considering PDCCH monitoring on CSS sets and PDCCH monitoring of ‘DCI formats 0_0, 1_0 scheduling PUSCH/PDSCH on PCell/PSCell’
· 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 configured USS set configured for scheduling of in PCell/PSCell)

BD/CCE limit handling options discussed in RAN1#104b-e are given below
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  of the sSCell more than PDCCH candidates per slot of sSCell.
· FFS how limit is computed and applied when CCS from sSCell to P(S)Cell is configured
· Option B
· At least when P(S)Cell SCS is not higher than sSCell SCS, For P(S)Cell slot m, PDCCH monitoring candidates on P(S)Cell and/or sSCell are configured such that x1(m)+x2(m)+y(m) is less than or equal to BD limit Z2
· At least the case of Z2 = 44 is supported for P(S)Cell SCS 15kHz
· FFS if Z2 larger than above can also be supported based on UE capability (e.g. similar to BDFactorR in Rel16)
· max of (x1(m1)+x2(m1)) + max of y(m2) corresponding to any P(S)Cell slots m1 and m2 can is allowed to be larger than BD limit Z2
· FFS signalling details on how the limit Z2 is realized 
· FFS reference SCS to use when P(S)Cell has higher SCS than sSCell (if supported)
· For sSCell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the sSCell more than PDCCH candidates per slot of sSCell.
· FFS how limit is computed and applied when CCS from sSCell to P(S)Cell is configured
· Option C
· PDCCH monitoring candidates on P(S)Cell are configured such that max of (x1(m1)+x2(m1)) is less than or equal to Z3
· Z3 is derived by the PDCCH monitoring capability of PCell
· PDCCH monitoring candidates on sSCell are configured such that max of y(m2) is less than or equal to Z4
· Z4 is derived by the PDCCH monitoring capability of sSCell
· FFS details to define Z3 and Z4, e.g.
· Separate RRC configured BD limits/scaling factor-based limits for max(x1(m)+x2(m)) and max(y(m))
· For sSCell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the sSCell more than Z4 PDCCH candidates per slot of sSCell
· Note
· x1(m) is #BDs for PDCCH CSS(s) candidates monitored on P(S)Cell slot m 
· x2(m) is #BDs for PDCCH USS(s) candidates monitored on P(S)Cell slot m 
· y(m) is #BDs for PDCCH USS(s) candidates monitored on sSCell in all sSCell slot(s) that overlap slot m of P(S)Cell
· USS(s) => USS(s) that can schedule PDSCH/PUSCH on P(S)Cell)
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