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1. Introduction
In DSS WID [1], the following objectives for NR Dynamic Spectrum Sharing (DSS) are included:
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]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
In this contribution, we discuss the issues and solutions to enable Scell scheduling P(S)cell. For simplicity, the ‘SCell used for scheduling P(S)Cell’ is denoted as sScell (Special Scell) and others as N-Scell (Normal Scell) in the later part.
2. [bookmark: _Ref498564494]Discussion
2.1 [bookmark: _Ref47368168][bookmark: _Ref521492551][bookmark: PP12]Design for Type A UEs
At RAN1#105e meeting [2], the following agreement is made for Type A UEs:Agreement
· 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

Remaining issue on Type A UE definition
One important remaining issue for Type A UE definition is whether to have further restrictions on Type 0/0A/2 CSS set configuration and how to handle overlapping symbol/slot if no restriction. The purpose of introducing Type A UEs is to define a simpler device with reduced complexity of implementation. Thus, our preference is not to allow simultaneous monitoring on two different cells. Otherwise, the benefit of introducing Type A UEs is not clear. Taking into account network implementation complexity, it is preferred that no restriction on Type-0/0A/1/2-CSS sets configurations and USSs on sScell are dropped in overlapping [symbol/slot], i.e. Alt. 2 in the following proposal discussed in RAN1#106e.
[bookmark: _Ref83569252][bookmark: _Ref83655306]Proposal 1: For Type A UEs, there is no restriction on Type-0/0A/1/2-CSS sets configurations, and USSs on sScell are dropped in overlapping [symbol/slot].
Another issue to be resolved is the determination of the overlapping granularity in the above agreement and proposal, i.e. [slot/symbol]. Since BD/CCE budget is defined per slot, it still involves BD/CCE budget distribution between different cells even when PDCCH monitoring occasions are not overlapped in symbol level granularity. For simple complexity, slot level granularity should be adopted to avoid BD/CCE budget distribution.Proposal 2v3 
· For Type A UE, there is no restriction on Type-0/0A/1/2-CSS sets configurations
· FFS the following for Type A UE
· Alt1: 
· In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell), the UE does not expect to decode DCI format(s) with CRC scrambled C-RNTI/MCS-C-RNTI/CS-RNTI on Type-0/0A/1/2-CSS sets on P(S)Cell
· Alt2: 
· In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell), UE drops the overlapped USS sets on sSCell
· Alt 3:
· In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell), UE decodes DCI format(s) on Type-0/0A/1/2-CSS sets on P(S)Cell and the overlapped USS sets on sSCell.

[bookmark: _Ref83569405][bookmark: _Ref83655312]Proposal 2: Confirm ‘slot’ is adopted to define the overlapping granularity in the previous agreement.
BD/CCE budget for Type A UE
For Type A UEs, if semi-static BD/CCE distribution (e.g. Option A and Option C) is adopted, part of the total BD/CCE capacity is wasted for most of the slots, i.e. the slots where search space for scheduling P(S)cell is only located in either of P(S)Cell or sScell. Thus, Option B is a natural choice for Type A UEs. If Proposal 1 and Proposal 2 are adopted, Option B becomes a special one where no BD/CCE budget distribution across cells since PDCCH monitoring occasions within a slot are always coming from only one cell.
[bookmark: _Ref83655328]Proposal 3: Support Option B as BD/CCE budget scheme for Type A UEs.
2.2 Design for Type B UEs
At RAN1#105e meeting [2], the following agreement is made for Type B UEs:Agreement
· 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


BD/CCE budget for Type B UE
At RAN1#105e meeting [2], the following agreement is made to handle BD/CCE budget for Type B UEs: 
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

For the BD/CCE budget scheme for Type B UEs, there are still several important design details that should be solved. 
First, down selection between Alt. 1 and Alt. 2 is needed for the scheme [based on Option A/C]. From the agreement, the following is exact restriction details for Alt 1:
· 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
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot
In our opinion, there is no motivation to have such complex restriction and Alt. 2 is enough for the distribution of BD/CCE budget per P(S)Cell slot corresponding to previous Option A.
[bookmark: _Ref83655334]Proposal 4: Support Alt. 2 in scheme [Based on Option A/C].
For Alt. 3, it is a separate issue on whether/how to have PDCCH monitoring occasion limitation within a slot in time domain. This is a general issue and should be also discussed even for scheme [Based on Option C] or Type A UEs. 
Proposal 5: Whether/how to have PDCCH monitoring occasion limitation within a slot in time domain as Alt. 3 states could be discussed separately with BD/CCE scheme.
Second, how to define  and  should be made clear for the scheme [based on Option A/C]. 
When determining , the PDCCH candidates from sScell to Pcell are counted as scheduling cell with P(S)cell SCS . In other words, the UE is not required to monitor more than  PDCCH candidates including BDs in the active BWP of scheduling cells with SCS  and BDs in the active BWP of sScell for scheduling P(S)cell if sScell scheduling P(S)cell is configured. For calculation of , the scheduled Pcell with two scheduling cells is handled as a single cells associated with Pcell SCS, i.e. it belongs to the cell group corresponding to Pcell SCS. In this case, is actually the same value as that when sScell scheduling P(S)cell is not configured. For the value of  and , it is preferred +=1 to maintain the same total BD/CCE budget.
[bookmark: _Ref83655339]Proposal 6: For the value of  and , only  is RRC configured and =1-.
[bookmark: _Ref83655345]Proposal 7: For calculation of , the scheduled Pcell with two scheduling cells is handled as a single cell with the cell group corresponding to Pcell SCS.
When determining with SCS  different from P(S)cell SCS , there are two alternatives that both involve selection of [ or ]:
· Alt. a: the PDCCH candidates from sScell to Pcell are additionally counted as scheduling cell with sScell SCS  that should follow    is selected
· Alt. b: the PDCCH candidates from sScell to Pcell are not additionally counted as scheduling cell with sScell SCS    is selected.
For calculation of , regardless of Alt. a or Alt. b, the number of scheduled cells by PDCCH candidates in sScell scheduling P(S)cell is counted as 0 so that is actually also the same value as that when sScell scheduling P(S)cell is not configured. 
[bookmark: _Ref83655350]Proposal 8: For calculation of , sScell scheduling Pcell is not counted.
To make the above description clearer, one example is provided assuming 1 PCell with 15KHz SCS, 4 SCells S1-S4 with 30kHz SCS and 1 Scell S5 with 15KHz SCS. UE reports pdcch-BlindDetectionCA =4, , ==58 and ==96. Then the details on BD/CCE limit in difference cases are illustrated below:
· When sScell scheduling Pcell is not configured:
	Scheduling
	 PDCCH BDs

	P-P
	b0<=44 per 1ms such that b0+b5 <= 58

	S1->S1
	b1<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S2->S2
	b2<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S3->S3
	b3<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S4->S4
	b4<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S5->S5
	b5<=44 per 1ms such that b0+b5 <= 58

	
	Total per 1ms
=b0+2*(b1+b2+b3+b4)+b5<=58+2*96=250



· When sScell scheduling Pcell is configured and Alt. a is used:
	Scheduling
	 PDCCH BDs

	P-P
	b0<=alpha*44= 22 per 1ms such that b0+b5+2*b6 <= 58

	S1->S1
	b1<=36 per 0.5ms such that b1+b2+b3+b4+b6 <= 96

	S2->S2
	b2<=36 per 0.5ms such that b1+b2+b3+b4+b6 <= 96

	S3->S3
	b3<=36 per 0.5ms such that b1+b2+b3+b4 +b6<= 96

	S4->S4
	b4<=36 per 0.5ms such that b1+b2+b3+b4+b6 <= 96

	S5->S5
	b5<=44 per 1ms such that b0+b5 +2*b6<= 58

	S1->P
	b6<=36 per 0.5ms such that b1+b2+b3+b4+b6 <= 96
2*b6<=beta*44=22 per 1ms such that b0+b5+2*b6<=58

	
	Total per 1ms
=b0+2*(b1+b2+b3+b4)+b5+2*b6<=250-2*b6


· When sScell scheduling Pcell is configured and Alt. b is used:
	Scheduling
	 PDCCH BDs

	P-P
	b0<=alpha*44= 22 per 1ms such that b0+b5+2*b6 <= 58

	S1->S1
	b1<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S2->S2
	b2<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S3->S3
	b3<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S4->S4
	b4<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S5->S5
	b5<=44 per 1ms such that b0+b5 +2*b6<= 58

	S1->P
	b6<=36 per 0.5ms 
2*b6<=beta*44=22 per 1ms such that b0+b5+2*b6<=58

	
	Total per 1ms
=b0+2*(b1+b2+b3+b4)+b5+2*b6<=250



Based on the above evaluation results, it is clearly observed that Alt. a would result in total BD decrease per 1ms after sScell scheduling P(S)cell is configured, while Alt. b maintains the same number of total BD. Since WID explicitly says “Note: The total PDCCH blind decoding budget should not be changed as a result of this work”, Alt. b should be supported to maintain the same total BD/CCE budget.
[bookmark: _Ref83655357]Proposal 9: On sSCell (for cross-carrier scheduling to P(S)Cell) [based on Option A/C],The PDCCH candidates from sScell to Pcell are counted as scheduling cell with Pcell SCS subject to limit but not additionally counted as scheduling cell with sScell SCS  subject to  limit.
[bookmark: _Ref83655362]Proposal 10: 	On sSCell (for cross-carrier scheduling to P(S)Cell) [based on Option A/C], remove in the bracket, i.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.
Third, when to apply the total limit associated with  also needs further clarification when sScell scheduling Pcell is configured. 
For scheme [based on Option A/C], if the scheduled Pcell with two scheduling cells is handled as a single cells associated with Pcell SCS for calculation of , the total CA limit should be used when  = Lother +1 is larger than  assuming there are Lother configured Scells in addition to Pcell. In this case, T is actually the total configured number of cells
For scheme [based on Option C], Pcell self-scheduling is considered as s1 cell with Pcell SCS and sScell scheduling Pcell is considered as s2 cell with sScell SCS . If, besides the Pcell, there are  Scells having the same scheduling cell SCS as Pcell SCS() and N2 Scells(including sScell) having the same scheduling cell SCS same as sScell SCS(), the number of cells in the group corresponding to Pcell SCS  is  , the number of cells in the group corresponding to sScell SCS  is . If there are Lother configured Scells in addition to Pcell, then the total number of cells  used to compare with  is  = Lother+s1+s2, i.e. the total CA limit should be used when  is larger than .
[bookmark: _Ref83655368]Proposal 11: The condition to apply total CA limit when sScell scheduling P(S)cell is configured should be also determined:
For scheme [based on Option A/C], apply the total CA limit when the total configured number of cells is larger than ;
For scheme [based on Option C], apply the total CA limit when  = Lother+s1+s2 is larger than  where Lother  is the number of configured Scells in addition to Pcell.
2.3 Handling of sScell deactivation/dormancy
Regarding sScell deactivation/dormancy, the following agreements are made in RAN1#104e and RAN1#106e respectively:Agreement
· When CCS from sSCell to PCell/PSCell is configured, CA activation/deactivation operation for the sSCell is supported

Agreement
· Specification supports dormant BWP operation on sSCell for a UE is configured CCS from sSCell to P(S)Cell. 

As the above agreements, sScell could become deactivated or dormant when it is configured to schedule P(S)Cell. When P(S)cell is configured to be scheduled by a sScell, a typical configuration for P(S)cell self-scheduling is CSS only with no USSs or very sparse USSs. Consequently, after the sScell becomes deactivated or dormant, it would be very difficult to schedule the UE due to very limited scheduling opportunities. A possible solution is to configure more USS to the UE by RRC in P(S)cell. However, it increases the PDCCH overhead in Pcell, which is problematic in DSS case due to limited PDCCH resources in Pcell. Moreover, it essentially makes the feature of SCell deactivation/dormancy useless if every deactivation MAC CE or dormancy DCI command requires a subsequent RRC reconfiguration. To avoid this, fallback USSs could be configured when sScell scheduling P(S)cell is configured. When sScell is active or non-dormant, these USSs are not monitored by the UE. After sScell becomes deactivated or dormant, UE starts to monitor the fallback USSs.  
[bookmark: _Ref83655373]Proposal 12: Support configuring fallback USSs on P(S)cell when sScell scheduling P(S)cell is configured:
· If sScell is active or non-dormant, UE doesn’t monitor the fallback USSs on P(S)cell;
· If sScell becomes deactivated or dormant, UE starts to monitor the fallback USSs on P(S)cell.
Moreover. if sScell is deactivated/dormant, we need to clarify how the BD/CCE budget is determined for control resources scheduling Pcell, there are two ways:
Alt1. It can be assumed that the function of sScell scheduling Pcell is disabled, so the BD/CCE budget fallback to the R15/R16 mechanism since Pcell can only be self-scheduled at this time, i.e., BD/CE budget of single-cell scheduling defined by R15/R16 is used.
Alt2. At least for the case of sScell dormancy, it can be considered that the function of sScell scheduling Pcell is still enabled but there will be no CCS from Scell to Pcell for a while, so that the BD/CCE budget (optionA/B/C) discussed in the above section is still used.
[bookmark: _Ref83890143]Proposal 13: When sScell scheduling P(S)cell is configured, if sScell becomes deactivated or dormant, it should be discussed whether sScell scheduling Pcell function is disabled or still enabled, and there are two respective ways to determine the BD/CCE budget for scheduling Pcell:
· Alt.1 sScell scheduling Pcell function is disabled, the budget follows the same ways defined in R15/R16 for Pcell;
· Alt.2 sScell scheduling Pcell function is still enabled, the budget follows the option A/B/C as agreed.
2.4 Handling of BFR and RLF
When a Scell is enabled to schedule a P(S)cell, if there is a beam quality or link quality problem on the Scell, the problem may, in turn, affect the transmission of the P(S)cell or even all other Scells. The BFR and RLF processes of P(S)cell and sScell need to be considered jointly, where the details can be found in [4].
[bookmark: _Ref83915748]Proposal 14: Discuss potential enhancement for BF/RLF when sScell scheduling P(S)cell is configured.
3. Conclusion
In this contribution, we focus on Scell scheduling P(S)cell, and have the following proposals:
Proposal 1: For Type A UEs, there is no restriction on Type-0/0A/1/2-CSS sets configurations, and USSs on sScell are dropped in overlapping [symbol/slot].
Proposal 2: Confirm ‘slot’ is adopted to define the overlapping granularity in the previous agreement.
Proposal 3: Support Option B as BD/CCE budget scheme for Type A UEs.
Proposal 4: Support Alt. 2 in scheme [Based on Option A/C].
Proposal 6: For the value of  and , only  is RRC configured and =1-.
Proposal 7: For calculation of , the scheduled Pcell with two scheduling cells is handled as a single cell with the cell group corresponding to Pcell SCS.
Proposal 8: For calculation of , sScell scheduling Pcell is not counted.
Proposal 9: On sSCell (for cross-carrier scheduling to P(S)Cell) [based on Option A/C],The PDCCH candidates from sScell to Pcell are counted as scheduling cell with Pcell SCS subject to limit but not additionally counted as scheduling cell with sScell SCS  subject to  limit.
Proposal 10: 	On sSCell (for cross-carrier scheduling to P(S)Cell) [based on Option A/C], remove in the bracket, i.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.
Proposal 11: The condition to apply total CA limit when sScell scheduling P(S)cell is configured should be also determined:
Proposal 12: Support configuring fallback USSs on P(S)cell when sScell scheduling P(S)cell is configured:
· If sScell is active or non-dormant, UE doesn’t monitor these USSs;
· If sScell becomes deactive or dormant, UE starts to monitor these USSs.
Proposal 13: When sScell scheduling P(S)cell is configured, if sScell becomes deactivated or dormant, it should be discussed whether sScell scheduling Pcell function is disabled or still enabled, and there are two respective ways to determine the BD/CCE budget for scheduling Pcell:
· Alt.1 sScell scheduling Pcell function is disabled, the budget follows the same ways defined in R15/R16 for Pcell;
· Alt.2 sScell scheduling Pcell function is still enabled, the budget follows the option A/B/C as agreed.
Proposal 14: Discuss potential enhancement for BF/RLF when sScell scheduling Pcell is configured.
Appendixes
1. Option A: 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
In order to achieve 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, Option A implies separate semi-static BD budget per P(S)cell slot on Pcell (i.e. Z1p>= max of (x1(m1)+x2(m1))) and sScell (i.e. Z1s>= max of y(m2)) for scheduling Pcell where Z1p+Z1s<=Z1. Besides, in the case of sScell SCS is larger than Pcell SCS, one more BD budget per sScell slot (i.e. Z1s’) on sScell is needed. One example is given below:
[image: ]
Figure 1. Example of Option A (Z1p=20, Z1s=24, Z1=44, Z1s’=36)
For the determination of Z1p and Z1s, there are the following alternatives:
· Alt. 1A: Explicitly predefined/configured/UE reported Z1p and/or Z1s such that Z1p+Z1s<=Z1
· Note: this alternative includes the case that Z1p/Z1s is explicitly configured while the other is derived based on Z1 (e.g. Z1p is configured and Z1s=Z1-Z1p).
· Alt. 2A: Implicitly derived from predefined/configured/UE reported scaling factor Alpha and/or Beta
· Alt. 2A.1: Z1p = Alpha * Z1, Z1s=Beta * Z1
· Alt. 2A.2: Z1p = Alpha * Per slot BD limit of Pcell SCS, Z1s= Beta * Per slot BD limit of sScell SCS
· Alt. 2A.3: Z1p = Alpha * Per slot BD limit of Pcell SCS, Z1s= Beta * Per slot BD limit of Pcell SCS
· Note: Alpha<=1, Beta<=1
· Alt. 3A: Implicitly derived from SS configuration
· Alt. 3A.1: Z1s=max{x3(m2)}, Z1p=Z1- Z1s = Z1-max{x3(m2)}
· Alt. 3A.2: Z1p=max{x1(m1)}, Z1s=Z1- Z1p = Z1-max{x1(m1)}
· max{x1(m1)} +max{x3(m2)}<=Z1
· Note: In some of the above alternatives involving Z1, Z1 could be predefined (e.g. 44 when Pcell SCS is 15KHz) or reported by UE capability.
For the determination of Z1s’, there are the following alternatives:
· Alt. 1A’: Explicitly predefined/configured/UE reported Z1s’
· Alt. 2A’: Implicitly derived from predefined/configured/UE reported scaling factor Beta
· Z1s’=Gamma *Per slot limit based on sScell SCS
2. Option B: 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
Compared to Option A, a more flexible approach is to define only the total budget Z2 without separate restrictions for each scheduling cell, which means that the PDCCH processing capabilities allocated to Pcell self-scheduling and CCS from sScell to P(S)cell on each slot/span are determined based on the real-time scheduling. The advantage of this approach is to obtain the highest flexibility of processing capability allocation and to avoid wasting scheduling capacity. However, it obviously increases the UE implementation complexity. Similar to Option A, when sScell SCS is larger than Pcell SCS, one more BD budget per sScell slot (i.e. Z2s) on sScell is needed. One example is provided below:
[image: ]
For the determination of Z2, there are the following alternatives:
· Alt. 1B: Per slot BD limit of reference SCS (e.g., minSCS between Pcell SCS and sScell SCS)
· Alt. 2B: Alpha * Per slot BD limit of minSCS + Beta * 
· Alpha and Beta are predefined/configured/UE reported
· Note: Alpha<=1, Beta<=1
For the determination of Z2s, there are the following alternatives:
· Alt. 1B’: Explicitly predefined/configured/UE reported Z2s
· Alt. 2B’: Implicitly derived from predefined/configured/UE reported scaling factor Beta
· Z2s=Gamma*Per slot limit based on sScell SCS
3. 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 while PDCCH monitoring candidates on sScell are configured such that max of y(m2) is less than or equal to Z4
In the above two options, if the SCSs of two cells are different, a reference SCS(e.g., Pcell SCS) needs to be introduced to define the budget, and the SS resource allocation and overbooking process may need to be performed per time unit in the reference SCS. On the other hand, the budgets of control resources on each cell in option C are defined separately and are independent of the SCS of  the other cell. One example is given below:
[image: ]
For the determination of Z3 and Z4, there are the following alternatives:
· Alt. 1C: Explicitly predefined/configured/UE reported Z3 and Z4
· Alt. 2C: Implicitly derived from predefined/configured/UE reported scaling factor Alpha and/or Beta
· Z3= Alpha * Per slot BD limit of Pcell SCS, Z4= Beta 
When looking at the above options, both Option A and Option C are corresponding to separate semi-static BD budgets (i.e. Z1p and Z1s in Option A, Z3 and Z4 in Option C) for Pcell self-scheduling and sScell scheduling Pcell respectively. This semi-static scheme has lower UE implementation complexity since the allocation of PDCCH monitoring units is not changed slot by slot. For Option B, there exists a total budget across Pcell self-scheduling and sScell scheduling Pcell, which requires dynamic BD allocation between Pcell and sScell.
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