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During RAN#86 meeting, a new work item on DSS (dynamic spectrum sharing) was approved for Rel-17 [1]. One of the objectives of this WI is to support PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell. From RAN1#103-e, some progress were made for SCell scheduling PCell [2-6].
In this contribution, we provide our analysis on the remaining issues on cross-carrier scheduling from SCell to P(S)Cell.
Search space and DCI formats handling
In RAN1#105-e meeting, the following agreement was achieved on two types of UEs for Rel-17 DSS. It was agreed Type B UE with higher capability can monitor PDCCH for scheduling PCell from PCell and sSCell simultaneously. While Type A UE with lower capability can be specified or as Type B UE with restrictions.
	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



Type 0/0A/1/2 CSS
In RAN1#103-e meeting, the following agreement was achieved. It was agreed that Type 0/0A/1/2 CSS are the same as in Rel-15/Rel-16. 
	Agreement:
· 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



One remaining issue for Type A UE is whether we need to have any restrictions for Type 0/0A/1/2 CSS. Practically, the periodicity of type1-CSS is pretty small to reduce the RACH delay, e.g., 2ms. To avoid huge impact on the legacy Type 0/0A/1/2 CSS, it is preferred not to introduce any restriction for them.
Proposal 1: For Type A UE, no restriction for Type 0/0A/1/2 CSS is introduced.
During the discussion in RAN1#106-e meeting, the common understanding is that there is no restriction on Type-0/0A/1/2-CSS sets configurations for Type A UE. The remaining issue is how to monitor the overlapped CSS on PCell and USS on sSCell for scheduling PCell. There are three alternatives on the table.
· Alt.1 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
· Alt.2 The UE drops the overlapped USS sets on sSCell
· Alt.3 The UE decodes DCI format(s) on Type 0/0A/1/2 CSS sets on P(S)Cell and the overlapped USS sets on sSCell
The main difference of the three alternatives is whether TDM mode monitoring is supported for Type A UE or not. Alt.2 is raised to maintain TDM mode monitoring for Type A UE. While Alt.1 and Alt.3 are both like Type B UE which can support monitoring PDCCH simultaneously on both PCell and sSCell for scheduling PCell.
From the view of BD/CCE handling, the mechanism of BD/CCE handling for Type B UE can be reused for Type A UE if Alt.1/3 is accepted. While the BD/CCE handling for Type A UE should be further discussed if Alt.2 is selected. 
For Alt.2 with TDM mode monitoring and without CA scaling, the maximum BD on PCell for self-scheduling is 44 per 1ms, while the maximum BD on sSCell for cross-carrier scheduling PCell is 36 per 0.5ms. As a result, the BD budget may be TTI level changed for scheduling PCell on the two scheduling cells in TDM mode monitoring, and the BD budget is also increased compared with Rel-16 case where the maximum BD for PCell is always 44 per 1ms.
Alt.1/3 is similar to Type B UE monitoring, since only the hard split based on Option A or C will be further discussed after RAN1#106-e and Option B was ruled out, there is no additional complexity if Alt.1/3 is accepted for Type A UE. If the total BD/CCE budget is concerned for Type A UE, lower BD/CCE budget for Type A UE compared with Type B UE can be supported by separate configurations of scaling factor for the BD/CCE handling of Type A UE and Type B UE.
Last but not least, from the PDCCH monitoring and blind decoding, there is no significant difference between Alt.1 and Alt.3. Both Alt.1 and Alt.3 need to monitor PDCCH on the two scheduling cells, and the total BD/CCE number can be handled same as Type B UE with hard split.
Proposal 2: For Type A UE, adopt Alt.3 below.
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), the UE decodes DCI format(s) on Type-0/0A/1/2-CSS sets on P(S)Cell and the overlapped USS sets on sSCell.
Proposal 3: Type A UE and Type B UE can apply the same mechanism of BD/CCE handling, but different scaling factors can be configured for Type A UE and Type B UE.
Type 3 CSS
In RAN1#103-e meeting, the following conclusion was achieved. It was agreed that the configuration of Type 3 CSS set for DCI formats 2_0, 2_1, 2_2, 2_3, 2_4 and applicability of the information in the DCI formats are the same as in Rel-15/Rel-16. 
	Conclusion
· When CCS from sSCell to PCell/PSCell is configured, the configuration of Type 3 CSS set for DCI formats 2_0, 2_1, 2_2, 2_3, 2_4 and applicability of the information in the DCI formats are the same as in Rel-15/Rel-16
· FFS: DCI format 2_5 and DCI Format 2_6 handling
· Note: The SCell configured with CCS to Pcell/PSCell is referred to as ‘sSCell’


In RAN1#104-e meeting, the following agreement was achieved. It was agreed that 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. That means Type 3 CSS with fallback DCI can be reused with no changes compared to Rel-15/Rel-16. In case Type 3 CSS is configured on SCell, fallback DCI in Type 3 CSS cannot be configured which is aligned with the above agreement. In case Type 3 CSS is configured on PCell, whether fallback DCI in Type 3 CSS can be configured or not depends on network implementation. More specifically, fallback DCI in Type 3 CSS can be kept on PCell/PSCell if configured. This can be also confirmed by the agreement for type A and type B UE in RAN1#105-e.
	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


Except for DCI formats 2_0, 2_1, 2_2, 2_3, 2_4 and fallback DCI (DCI format 1_0/0_0), DCI format 2_5 and 2_6 can also be associated with Type 3 CSS. The handling of remaining DCI formats in Type 3 CSS is analyzed below.
· Type 3 CSS with DCI format 2_5
DCI format 2_5 is used for notifying the availability of soft resources for IAB-DU. Group common DCI format 2_5 in Type 3 CSS can be configured on PCell/PSCell or SCell, which is similar as DCI format 2_0/2_1/2_2/2_3/2_4. So there is no additional issues to decide regarding the location of Type 3 CSS with DCI format 2_5.
· Type 3 CSS with DCI format 2_6
Group common DCI format 2_6 in Type 3 CSS can only be configured on PCell/PSCell because this format is used for SCell dormancy indication. If DCI format 2_6 in Type 3 CSS can be configured on the SCell used for scheduling PCell/PSCell, whether this SCell should be always active like PCell/PSCell and whether this SCell can be indicated as dormancy should be further discussed. To reduce the specification impact and standardization effort, it is preferred to keep the DCI format 2_6 on Pcell/PSCell only.
Proposal 4: For SCell scheduling PCell, Type 3 CSS with DCI format 2_5/2_6 can be reused with no changes compared to Rel-15/Rel-16, i.e.,
· Type 3 CSS with DCI format 2_5 can be configured on PCell/PSCell or SCell.
· Type 3 CSS with DCI format 2_6 can only be configured on PCell/PSCell.
USS sets for non-fallback DCI
During RAN1#103-e meeting, the following agreements were achieved.
	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)


During RAN1#104-e meeting, the following working assumption was achieved.
	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.


In RAN1#105-e, Type A UE and Type B UE are defined to support CCS from sSCell to P(S)Cell. For Type B UE, it was agreed that Alt 2-1 is adopted to handle USS sets for non-fallback DCI. That means type B UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously. Regarding USS sets for non-fallback DCI (DCI format 0_1/1_1/0_2/1_2), Alt 1 means to move all USS sets for DCI formats 0_1,1_1,0_2,1_2 to sSCell. But Type A UE agreed in RAN1#105-e is almost based on Alt 2-4 that 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 by gNB configuration. In case USS sets for DCI formats 0_1,1_1,0_2,1_2 on PCell is supported by Type A, it is similar for Type A UE and Type B UE to consider the issue of switching to ‘normal’ PDCCH monitoring on PCell when sSCell is deactivated which is only focus on recover the blind decode capability. In case USS sets with DCI formats 0_1,1_1,0_2,1_2 on PCell is not supported by Type A UE which is based on original Alt 1, some additional mechanism may be considered to recover non-fallback DCI formats when sSCell is deactivated. Considering the motivation of Alt 1 and Alt 2-4 are same, that is not monitoring non-fallback DCI formats simultaneously, Type A UE with support of USS sets for DCI formats 0_1,1_1,0_2,1_2 on PCell is slightly preferred. Note in case of sSCell is deactivated/dormant or sSCell-scheduling-PCell is disabled, how to recover non-fallback DCI or BD/CCE budget is discussed in section 4.3/4.4.
Proposal 5: Type A UE supports USS sets for DCI formats 0_1,1_1,0_2,1_2 on PCell.

BD/CCE handling for Type B UE











In the scope of Rel-17 DSS, there is a restriction that the total PDCCH blind decoding budget should not be changed as a result of this work. There are two PDCCH blind decoding budget, one is  or , the other is  or . For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per slot. When enhanced PDCCH monitoring capability is used, , ,  and  are used to determine PDCCH blind decoding budget per span.
In Rel-16 CA, there is only one scheduling cell for a scheduled cell. And the BD/CCE limit on the scheduling cell for the scheduled cell is determined based on the numerology of the scheduling Cell. In Rel-17 DSS with support of SCell scheduling PCell, there are two scheduling cells (PCell and sSCell) for a scheduled cell (PCell), how to handle the BD/CCE limit is analyzed in this section.
Agreement in RAN1#106-e meeting is listed below.
	[RAN1#106-e] 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
· Alt2
· The additional BD limitation is per P(S)Cell slot and no further restrictions
· Alt3
· 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




· High level analysis on above proposal
Firstly, the intention of [based on Option A/C] is only using scaling factors to split original BD budget of PCell without modification of {M_max, M_total}, and the BD/CCE budget for sSCell-scheduling-PCell may have more than one restrictions. While the BD/CCE limit of [based on Option C] is determined much cleaner without cross-cell budget (determining BD/CCE budget on sSCell based on PCell’s numerology) for sSCell-scheduling-PCell. No matter which option is selected, clarification on M_total is needed and then the hard split budget can be discussed without ambiguity.
Secondly, Option A/C are clarified below. In case of no CA scaling and the total maximum BD for PCell from two scheduling cells is 44 per 1ms, take left schematic in Figure 1 to compare Option A/C in Table 1 as an example. With same total BD limits, Option A and C are similar but Option A is more flexible than option C due to shared BD between two consecutive slots overlapped with one PCell slot. The difference between Option A and Option C is whether to define BD limit for sSCell-schedule-PCell per two sSCell slots overlapped with one PCell slot or only per sSCell slot. 
[image: ]                [image: ]
Figure 1 SCell-schedule-PCell with different SCS
Table 1 Examples of Option A/C with 44 BD per PCell slot for PCell from two scheduling cells
	Option A
	Option C

	[image: ]22 per PCell slot from PCell 
22 per PCell slot from sSCell
	[image: ]22 per PCell slot from PCell
 11 per sSCell slot from sSCell



Blind decode budget
M_total clarification









If a UE is configured with  downlink cells (Note, assume without M-TRP, that is = and =0, and also assume without span based monitoring) with DL BWPs of the scheduling cells using SCS configuration , where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells. 

In case that PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell is supported, PDCCH blind decoding will be performed on two cells for this P(S)Cell. In this case, how to calculate the number of P(S)Cell in parameter  is a new issue. For example, assume 5 cells are configured for a UE shown in Figure 2, wherein the SCS = 15kHz for PCell #1 and the SCS = 30kHz for sSCell #2. In Rel-15/Rel-16 case PCell cannot be scheduled by sSCell (the red arrow in Figure 2 is not presented), M_total_15khz = floor(4*44*1/5) = 35; M_total_30khz = floor(4*36*4/5) = 115. In case PCell can be scheduled by sSCell (the red arrow in Figure 2 is presented), whether PCell is counted as one or two cells for the two scheduling cells are analyzed below.
[image: ]
Figure 2 CA with SCell-schedule-PCell
· Case 1: Counted as one cell only for the PCell
The number of PCell is still counted as 1 only for PCell. This is aligned with the intention of the guidance proposed in RAN1#105-e that the M_total calculation is the same as in Rel-16. That is, M_total_15khz = floor(4*44*1/5) = 35;  M_total_30khz = floor(4*36*4/5) = 115. In this case, the definition of M_total needs some additional modification in the specification to avoid that PCell is also counted into the cell number of M_total_μ1, where u1 is the numerology for sSCell. To be more specific, the BD for each scheduling are listed in Table 2. This is aligned with [based on Option A/C].
Table 2 BD for Rel-17 DSS and the BD/CCE budget is not changed compared with Rel-16
	Scheduling
	PDCCH BDs

	P1->P1
	b1<=α*35 per 1ms

	S2->S2
	b2<=36 per 0.5ms such that b2+b3+b4+b5 <= 115

	S2->S3
	b3<=36 per 0.5ms such that b2+b3+b4+b5 <= 115

	S2->S4
	b4<=36 per 0.5ms such that b2+b3+b4+b5 <= 115

	S2->S5
	b5<=36 per 0.5ms such that b2+b3+b4+b5 <= 115

	S2->P1
	b6<=36 per 0.5ms; 
2*b6<= β*35 per 1ms

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



· Case 2: Counted as one cell for the two scheduling cells
The number of PCell is counted as s1 and s2 for the two scheduling cells (PCell and sSCell) respectively, wherein, s1 + s2 = 1. Such as s1 = s2 = 0.5, M_total_15khz = floor(4*44*0.5/5) = 17; M_total_30khz = floor(4*36*4.5/5) = 129. This can be aligned with [based on Option C], corresponding to {s1,s2} = {0.5,0.5}. 
· Case 3: Counted as two cells for the two scheduling cells
The number of PCell is counted as 1 for the first scheduling cell (PCell) and 1 for the second scheduling cell (sSCell) respectively. That is, M_total_15khz = floor(4*44*1/6) = 29; M_total_30khz = floor(4*36*5/6) = 120. This can also be aligned with [based on Option C], corresponding to {s1,s2} = {1,1}.
Difference on BD budget for Option A/C
In Case 1 M_total is same as Rel-16, the BD budget min(M_max, M_total) can be split by scaling factors outside of the original BD budget. While in Case 2/3 M_total is recalculated/modified, the BD budget can be determined by only scaling M_max which is inside of the original BD budget. For further consideration on whether dividing BD/CCE budget per sSCell slot among sSCell slots overlapped with one PCell slot, Alt1 is slightly preferred with BD/CCE equal split for the sSCell slots overlapping with one P(S)Cell slot. Because this will align with the traditional understanding of BD/CCE budget per slot of each scheduling cell and UE can also determine the scaled BD/CCE budget per slot on scheduling cell for each scheduled cell with clear threshold. Alt2 has some additional flexibility on PDCCH candidates allocation among sSCell slots overlapped with one PCell slot. But Alt3 can not be acceptable due to unreasonable restriction for MO configuration on sSCell. As shown in Figure 3, the MO configuration on sSCell used for scheduling PCell are restricted within 3 consecutive OFDM symbols which will significantly impact the efficiency of offloading PDCCH to sSCell.
[image: ]
Figure 3 An example of Alt3
Scaling factor 
No matter which option is selected, scaling factor {α, β} or {s1, s2} should be determined. 
If [based on Option A/C] is adopted, {α, β} should be determined. Considering the intention is the total BD for PCell(assume μ = 0) from the two scheduling cells should not be larger than 44 per 1ms without CA scaling or min{M_Max_15khz, M_total_15khz} per 1ms with CA scaling, then α + β = 1 is our first preference. And it seems enough to configure only α. The candidates value of α can be [0.1, 0.2, 0.3, 0.4, 0.5] due to more PDCCH offloading to sSCell is preferred.
If [based on Option C] is adopted, {s1, s2} should be determined, where 0≤s1≤1 and 0≤s2≤1. But from the view of cell number counting in calculation of M_total_μ, no matter how many SCells can be configured to scheduling PCell, the total cell number of PCell to be counted in all M_total_μ should not be larger than one because the BD/CCE capability for PCell is not enhanced and it is not similar as MTRP in Rel-16 to borrow another CC capability. So s1+s2≤1 is valid candidates values. Then similar as above, s1 + s2 = 1 is our first preference. And maybe only s1 is configured seems enough. The candidate values of s1 can be the same as α listed above.
If Type A UE can reuse the BD/CCE handling of Type B UE, lower BD/CCE budget for Type A UE compared with Type B UE can be supported by separate configurations of scaling factor for the BD/CCE handling of Type A UE and Type B UE. That is α + β ≤ 1 or s1 + s2 ≤ 1 can be supported for Type A UE.
Comparison 
Comparing the cases above in the following Table 3, for the case 2 and case 3, M_total_15khz is reduced and M_total_30khz is increased compared with case 1. Compared with case 2, the total blind detection capability in case 3 for the PCell may occupy the blind detection capability of other SCells, otherwise the blind detection capability of the PCell scheduled by sSCell is very limited if keep the blind detection capability for other SCells unchanged. Since there is a restriction that the total PDCCH blind decoding budget should not be changed as a result of this work, it is preferred to count PCell as one cell for the two scheduling cells, as a result any one of case 1 and case 2 can be accepted. That means case 1 combined with Option A/C or case 2 combined with Option C is preferred. From our view, [based on Option C] is slightly preferred because this is a much cleaner solution compared with [based on Option A/C] which may has another cross-cell budget for sSCell-schedule-PCell.
Table 3 Blind detection budget for different cases
	Cases
	(1)M_total
(2)PCell self-scheduling budget
Case 1:  

Case 2/3: 
sSCell-schedule-PCell budget
Case 1: [Option A]  ;
[Option C] β*2µ-µ1* 

Case 2/3: [Option C] 
	PCell scheduled by sSCell with equal division with other SCells scheduled by sSCell
{BD for PCell, BD for SCells}
	PCell scheduled by sSCell with other SCells scheduled by sSCell non-impacted
{BD for PCell, BD for SCells}

	Case1
	(1)M_total_15khz = floor(4*44*1/5)=35; M_total_30khz = floor(4*36*4/5)=115
(2) 17 per PCell slot
(3) 17 per PCell slot for Option A; 9 per sSCell slot for Option C;
	{-,115}
M_total_30khz is no impacted in Case 1. 
	{-,115}
M_total_30khz is no impacted in Case 1.

	Case 2
	(1)M_total_15khz = floor(4*44*0.5/5)=17;  M_total_30khz = floor(4*36*4.5/5)=129
(2) 17 per PCell slot
(3) b6≤18 per sSCell slot；b2+b3+b4+b5+b6=129
	{129/4.5*0.5=14,129/4.5*4=115}
b6=14, b2+b3+b4+b5=115
	{14,115}
b6=14, b2+b3+b4+b5=115

	Case 3
	(1)M_total_15khz = floor(4*44*1/6)=29; M_total_30khz = floor(4*36*5/6)=120
(2) 29 per PCell slot
(3) b6≤36 per sSCell slot；b2+b3+b4+b5+b6=120
	{120/6*1=20,120/6*5=100}
b6=20, b2+b3+b4+b5=100
	{5,115}
b6=5, b2+b3+b4+b5=115



Proposal 6: For SCell scheduling PCell, the scheduled cell (PCell) with two scheduling cells (PCell and sSCell) is counted as one cell in CA scaling calculation via one of the following cases 
· Case 1: PCell is counted as one scheduled cell only for the first scheduling cell (PCell);
· Case 2: PCell is counted as one scheduled cell for both the scheduling cells (PCell and sSCell) with a scaling factor for each cell (e.g., 0.5 for PCell and 0.5 for sSCell scheduling PCell).
Proposal 7: For SCell scheduling PCell, introduce one of the following options
· [based on Option C] with s1 + s2 ≤ 1 (first preference) 
· [based on Option A/C] with Alt1/2 (second preference)
The updated details of BD/CCE handling for Type B UE are listed below. Note the Case 2/3 can be applied only with Option C while Case 1 can be applied with Option A/C. 
	· 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
· 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
·  or  is same as Rel-16 when UE is configured with CCS from sSCell to P(S)Cell. The BD of sSCell-schedule-PCell is not counted in 
· α + β = 1 for Type B UE and α + β ≤ 1 for Type A UE
· [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 to determine the scaled PCell number when calculating , 
· sSCell to PCell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2 to determine the scaled PCell number when calculating 
· s1 + s2 = 1 for Type B UE and s1 + s2 ≤ 1 for Type A UE





Rel-16 enhanced PDCCH monitoring handling 
In RAN1#106-e meeting, the following FFS about Rel-16 enhanced PDCCH monitoring handling are not further discussed due to lack of time.
	· FFS the following
· Multi-TRP handling
· PDCCH BD handling when monitoringCapabilityConfig = r16monitoringcapability is configured for any cell


For MTRP handling, it is straightforward when combined with BD/CCE handling based on Option A or Option C. Because the cell number of PCell is only counted in the set of  serving cells without MTRP feature at this stage. In case MTRP feature is configured, there are different CORESET pool indexes configured, then the cell number of PCell will be counted in the set of  serving cells.
For PDCCH BD handling when monitoringCapabilityConfig = r16monitoringcapability is configured for any cell, it is straightforward when combined with BD/CCE handling based on Option A or Option C. Because BD/CCE handling for Rel-17 DSS can be performed per span instead of per slot. If Option C is applied, the per span hard split budget are determined by scaling factor {s1, s2} for each scheduling cell without any additional issue. If Option A is applied, the total BD/CCE budget is restricted by per PCell span limit which is derived same as Rel-16. Then a paired/set of spans on PCell and sSCell are restricted within the total BD/CCE budget and the hard split budget are derived by scaling factor {α, β} for each scheduling cell.  
Proposal 8: For SCell scheduling PCell, the MTRP feature and span based monitoring can be supported with BD/CCE handling Option A or Option C.
PDCCH overbooking/dropping
In Rel-15/Rel-16, overbooking is only allowed on PCell/PSCell to guarantee the usage of candidates in USS sets with high-efficiency regardless of the non-dense CSS configuration. It should be noted that the overbooking is only for PDCCH scheduling PCell, i.e., overbooking is not allowed for PDCCH on PCell scheduling a SCell if the SCell is CCS by the PCell.
In Rel-17 DSS with support of SCell scheduling PCell, there are two scheduling cells (PCell and sSCell) for a scheduled cell (PCell). No matter USS sets are partially or fully moved to sSCell, overbooking should be also supported for PDCCH scheduling the PCell. As a result, overbooking should be supported on the two scheduling cells (PCell and sSCell) for the same scheduled cell (PCell). In RAN1#104b-e meeting, it is agreed that PDCCH overbooking on sSCell USS set(s) is not allowed. That means PDCCH overbooking on PCell for self-scheduling only for Option A/C or overbooking across PCell and sSCell for scheduling PCell for Option B is supported. Since Option B has been excluded in RAN1#106-e, the remaining issue is only to use the hard split BD/CCE budget on PCell to replace the existing budget for PCell after one of [based on Option A/C] and [based on Option C] is determined.
Proposal 9: For SCell scheduling PCell, PDCCH overbooking is supported only for PCell self-scheduling with the hard split BD/CCE budget on PCell.
General issue
Configuration of SCell scheduling PCell
With current NR spec listed below, P(S)Cell cannot be scheduled by SCell as schedulingCellInfo can only be configured as own in the CrossCarrierSchedulingConfig for P(S)Cell. Furthermore, if cif-Presence is set to true, the default CIF value for indicating a grant or assignment for this P(S)Cell is 0. When schedulingCellInfo for a SCell is configured as other in the CrossCarrierSchedulingConfig, that means this SCell is a scheduled cell and also it will be configured with cif-InSchedulingCell and schedulingCellId, wherein the candidate value for cif-InSchedulingCell is [1,...,7].
	CrossCarrierSchedulingConfig ::=        SEQUENCE {
    schedulingCellInfo                      CHOICE {
        own       SEQUENCE {                   -- Cross carrier scheduling: scheduling cell
            cif-Presence                            BOOLEAN
        },
        other       SEQUENCE {                  -- Cross carrier scheduling: scheduled cell
            schedulingCellId                        ServCellIndex,
            cif-InSchedulingCell                    INTEGER (1..7)
        }
    },
    ...
}


In case that PDCCH on sSCell can be used to schedule PDSCH or PUSCH on P(S)Cell, P(S)Cell should be additional configured as a scheduled cell of the sSCell. CIF for PCell scheduled by sSCell is explicitly configured according to the agreements reached in RAN1#104b-e meeting as listed below. The remaining issue is whether/how to use CIF for PCell self-scheduling.
	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


With current structure of schedulingCellInfo, only own or other can be configured for a serving cell and only own can be configured for P(S)Cell. As a result, schedulingCellInfo for P(S)Cell should be updated and configured as a scheduling cell and scheduled cell simultaneously. Two options can be considered. One is adding the third choice of “own and other”, and cif-Presence, schedulingCellId and cif-InSchedulingCell are all available for this new choice, and CIF=0 for PCell self-scheduling by set TRUE for cif-Presence and CIF for PCell scheduled by sSCell is configured by cif-InSchedulingCell. The other is reusing the choice of other with re-interpretation of this configuration that PCell self-scheduling is also supported with CIF=0 for PCell self-scheduling. The details of configuration can be determined in RAN2. The motivation of using CIF=0 for PCell self-scheduling is to ensure the DCI size for scheduling PCell on the two scheduling cells(PCell and sSCell) are same. Then there is no additional issue for the DCI size budget.  
Proposal 10: For SCell scheduling PCell, CIF=0 is used for PCell self-scheduling.

USS configuration of SCell scheduling PCell
In Rel-15/Rel-16, the search space ID is applied to associate the search space in scheduling cell and search space in scheduled cell. And for a scheduled cell in the case of cross carrier scheduling, except for nrofCandidates in the IE SearchSpace, all the optional fields are absent (regardless of their presence conditions). In other words, in case that Cell #1 cross-carrier schedules Cell #2 with search space #n (SS #n), UE monitors the corresponding PDCCH on Cell #1 based on the MO configurations for SS #n of Cell #1 and acquires the candidate number based on SS #n of Cell #2. 
For SCell scheduling PCell, the same approach can be reused. For USS configuration on PCell, at least two options can be considered.
· Option 1. A USS set configured on PCell can only be used for either self-scheduling or CCS from SCell.
· Option 2. A USS set configured on PCell can be used for both self-scheduling and CCS from SCell.
For Option 1, if a USS set on PCell is only configured with searchSpaceId and nrofCandidates, this USS set can only be used for CCS from sSCell. If a USS set on PCell is configured with other optional fields besides nrofCandidates, this USS set can only be used for self-scheduling from PCell. 
For Option 2, a USS set configured with other optional fields besides nrofCandidates can be used for both self-scheduling and CCS from SCell. Then the description of the IE SearchSpace for CCS from SCell should be updated such that except for nrofCandidates in the IE SearchSpace, all the optional fields are ignored (regardless of their presence conditions). 
Option 1 may need more search space configuration compared with Option 2. However, since up to 10 USS sets can be configured in a BWP, the number of search space sets are sufficient. It is preferred to apply the straightforward option, i.e., Option1. 
Proposal 11: For SCell scheduling PCell and for USS configuration, search space ID is used to associate the search space configuration on PCell and search space configuration on SCell.
· A USS set configured on PCell can only be used for either self-scheduling or CCS from SCell.
· If the USS #n on PCell is used for cross-carrier scheduling from SCell, UE acquires the MO configuration from USS #n on SCell and acquire the candidate number from USS #n on PCell, which is the same as in Rel-15/Rel-16.
Another issue of extending the SS configuration on the sSCell for scheduling PCell proposed in RAN1#104b-e meeting and initial agreement in RAN1#106-e are both listed below. 
	[RAN1#104b-e meeting]
· When CCS from sSCell to Pcell/PSCell is configured
· UE is configured with search space set Ssa on P(S)Cell with search space ID = X1
· If UE is configured with a search space set SSb on sSCell with same search space ID = X1 (i.e., ‘linked SS sets’ approach as in Rel16)
· DCI formats monitored by UE on SSb with n_CI corresponding to CIF P(S)Cell are used for P(S)Cell PUSCH/PDSCH scheduling
· For monitoring the DCI formats on SSb used for P(S)Cell PUSCH/PDSCH scheduling 
· Alt 1
· nrofCandidates is derived from Ssa configuration
· monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration are derived from SSb configuration and same parameters are also used for self-scheduling on sSCell (i.e., same approach as in Rel16)
· Alt 2
· nrofCandidates is derived from Ssa configuration
· monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration are configured independently from the parameters used for self-scheduling on sSCell
· FFS Details
[RAN1#106-e meeting]
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



The agreement in RAN1#106-e meeting only comprise the common part of Alt 1 and Alt 2. The remaining issue on how to derive the monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration should be further determined. Based on our understanding, Alt 1 is the legacy mechanism, which is preferred by us. Alt 2 seems to offer more flexibility which had been discussed during Rel-15/Rel-16 for legacy cross-carrier scheduling, we can also accept Alt 2 if this is the majority view. But we may also need to clarify whether Alt 2 is only for sSCell scheduling PCell, or can also be applied to legacy cross-carrier scheduling, e.g., sSCell scheduling other SCell.

sSCell activation/deactivation and dormancy
In Rel-16, any SCell can be deactivated or switched to dormant BWP. In Rel-17 DSS with support of SCell scheduling PCell, sSCell activation/deactivation operation was agreed in RAN1#104-e meeting listed below. 
	Agreement
· When CCS from sSCell to PCell/PSCell is configured, CA activation/deactivation operation for the sSCell is supported


Dormant BWP operation on sSCell was also agreed in RAN1#106-e meeting listed below.
	Agreement
Specification supports dormant BWP operation on sSCell for a UE is configured CCS from sSCell to P(S)Cell.


For Type A UE without support of non-fallback DCI on PCell when sSCell-schedule-PCell is configured, sSCell can be deactivated or dormant at the sacrifice of system performance because only fallback DCI can be used to schedule PDSCH/PUSCH on PCell. Meanwhile, sSCell cannot be indicated to dormancy by non-fallback DCI because there is no non-fallback DCI on PCell. Because CA activation/deactivation operation and dormant BWP operation for the sSCell are already supported, maybe a supplement mechanism is needed, i.e. USS with non-fallback DCI on PCell for self-scheduling is implicitly enabled/activated when sSCell is deactivated/dormant. 
For any Type A UE with/without support of non-fallback DCI on PCell or Type B UE, in case sSCell is deactivated or switched to dormant BWP, BD/CCE budget on PCell should be restored to the Rel-15/Rel-16 budget. Otherwise, using the one of the hard split BD/CCE budget for PCell self-scheduling is inefficient.
Proposal 12: For Type A UE not supporting non-fallback DCI on PCell, automatic recovery of USS with non-fallback DCI scheduling on PCell is needed once sSCell is deactivated or switched to dormant BWP. 
Proposal 13: For Type A UE or Type B UE, automatic recovery of BD/CCE budget on PCell to the Rel-15/Rel-16 budget is needed once sSCell is deactivated or switched to dormant BWP. 

Enable/Disable of sSCell scheduling PCell
In case of sSCell activation or non-dormancy, sSCell scheduling PCell is always enabled if configured. And in case of sSCell deactivation or dormancy, sSCell scheduling PCell is disabled too. However, the motivation of this two functions are different, one is for power saving while another is for PDCCH offloading. Considering PDCCH capacity is sufficient or not on PCell is dynamic, dynamic enable/disable of CCS from sSCell to PCell can be supported instead of RRC reconfiguration.
Similar as CA activation/deactivation operation and dormant BWP operation for the sSCell, automatic recovery of USS with non-fallback DCI or BD/CCE budget on PCell is needed once CCS from sSCell to PCell/PSCell is disabled.
Proposal 14: For SCell scheduling PCell, enable/disable of CCS from sSCell to PCell/PSCell can be supported to avoid frequent RRC reconfiguration. Automatic recovery of USS with non-fallback DCI or BD/CCE budget on PCell to the Rel-15/Rel-16 budget is needed once CCS from sSCell to PCell/PSCell is disabled.

Maximum number of unicast DCI
In Rel-15/Rel-16, each scheduled cell has only one scheduling cell. Take FDD as an example, the maximum number of unicast DCI that UE can decode for the scheduled cell across the set of monitoring occasions within a slot (FG 3-1) or a span (FG 3-5b/11-2) on the scheduling cell is one unicast DCI scheduling DL and one unicast DCI scheduling UL, except FG 18-5c/d which can process X=1, 2, 4 DCI scheduling DL/UL.
In Rel-17 DSS, in case a scheduled cell (PCell) has two scheduling cells (PCell and sSCell), how to define the maximum number of unicast DCI that UE can decode for the scheduled cell should be resolved.
Firstly, the value of the maximum number of unicast DCI that UE can decode for the scheduled cell is better to keep unchanged due to Rel-17 DSS, that means the maximum number of unicast DCI that UE can decode for the scheduled cell is one unicast DCI scheduling DL and one unicast DCI scheduling UL for FDD except FG18-5c/d no matter the scheduled cell has one scheduling cell or two scheduling cells. As a result, the UE complexity will not be increased. 
Secondly, because there are two scheduling cells (PCell and sSCell) for one scheduled cell (PCell), the set of monitoring occasions within a slot or a span on which scheduling cell should be determined.
· Per slot processed FG. In case the SCSs of the two scheduling cells (PCell and sSCell) are same, the selected slot can be referred to any one of two scheduling cells. In case the SCS of the two scheduling cells (PCell and sSCell) are different, the selected slot can be referred to one of the two scheduling cells with larger SCS. As shown in Figure 4, in case PCell can be scheduled by sSCell, the maximum number of unicast DCI that UE can decode for the scheduled cell(PCell) is one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot of sSCell for FDD.
[image: ]
Figure 4 Two scheduling cells with different SCSs
· Per span processed FG. No matter the SCS of the two scheduling cells (PCell and sSCell) are same or not, the span pattern on the two scheduling cells may be different, i.e. as shown in Figure 5, span location on the two scheduling cells may be different due to different combination (X,Y) and monitoring occasions of each scheduling cell, the selected span can be also referred to one of the two scheduling cells with larger SCS. In case SCSs of the two scheduling cells (PCell and sSCell) are same, the selected span can be referred to one of two scheduling cells which has smaller X with more MO configuration.
[image: ]
Figure 5 Span pattern on the two scheduling cells
Proposal 15: For SCell scheduling PCell, regarding the maximum number of unicast DCIs that UE can decode for the scheduled cell (PCell),
· The number is the same as Rel-15/Rel-16 within a slot/span corresponding to the larger SCS between P(S)Cell and sSCell.
· In case SCSs of P(S)Cell and sSCell are same, the selected span can be referred to one of the two scheduling cells with smaller X in the combination(X,Y) to derive the span.

Conclusion
In this contribution, the detailed consideration of SCell-schedule-PCell from our side are provided with the following proposals.
Proposal 1: For Type A UE, no restriction for Type 0/0A/1/2 CSS is introduced.
Proposal 2: For Type A UE, adopt Alt.3 below.
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), the UE decodes DCI format(s) on Type-0/0A/1/2-CSS sets on P(S)Cell and the overlapped USS sets on sSCell.
Proposal 3: Type A UE and Type B UE can apply the same mechanism of BD/CCE handling, but different scaling factors can be configured for Type A UE and Type B UE.
Proposal 4: For SCell scheduling PCell, Type 3 CSS with DCI format 2_5/2_6 can be reused with no changes compared to Rel-15/Rel-16, i.e.,
· Type 3 CSS with DCI format 2_5 can be configured on PCell/PSCell or SCell.
· Type 3 CSS with DCI format 2_6 can only be configured on PCell/PSCell.
Proposal 5: Type A UE supports USS sets for DCI formats 0_1,1_1,0_2,1_2 on PCell.
Proposal 6: For SCell scheduling PCell, the scheduled cell (PCell) with two scheduling cells (PCell and sSCell) is counted as one cell in CA scaling calculation via one of the following cases 
· Case 1: PCell is counted as one scheduled cell only for the first scheduling cell (PCell);
· Case 2: PCell is counted as one scheduled cell for both the scheduling cells (PCell and sSCell) with a scaling factor for each cell (e.g., 0.5 for PCell and 0.5 for sSCell scheduling PCell).
Proposal 7: For SCell scheduling PCell, introduce one of the following options
· [based on Option C] with s1 + s2 ≤ 1 (first preference) 
· [based on Option A/C] with Alt1/2 (second preference)
Proposal 8: For SCell scheduling PCell, the MTRP feature and span based monitoring can be supported with BD/CCE handling Option A or Option C.
Proposal 9: For SCell scheduling PCell, PDCCH overbooking is supported only for PCell self-scheduling with the hard split BD/CCE budget on PCell.
Proposal 10: For SCell scheduling PCell, CIF=0 is used for PCell self-scheduling.
Proposal 11: For SCell scheduling PCell and for USS configuration, search space ID is used to associate the search space configuration on PCell and search space configuration on SCell.
· A USS set configured on PCell can only be used for either self-scheduling or CCS from SCell.
· If the USS #n on PCell is used for cross-carrier scheduling from SCell, UE acquires the MO configuration from USS #n on SCell and acquire the candidate number from USS #n on PCell, which is the same as in Rel-15/Rel-16.
Proposal 12: For Type A UE not supporting non-fallback DCI on PCell, automatic recovery of USS with non-fallback DCI scheduling on PCell is needed once sSCell is deactivated or switched to dormant BWP. 
Proposal 13: For Type A UE or Type B UE, automatic recovery of BD/CCE budget on PCell to the Rel-15/Rel-16 budget is needed once sSCell is deactivated or switched to dormant BWP. 
Proposal 14: For SCell scheduling PCell, enable/disable of CCS from sSCell to PCell/PSCell can be supported to avoid frequent RRC reconfiguration. Automatic recovery of USS with non-fallback DCI or BD/CCE budget on PCell to the Rel-15/Rel-16 budget is needed once CCS from sSCell to PCell/PSCell is disabled.
Proposal 15: For SCell scheduling PCell, regarding the maximum number of unicast DCIs that UE can decode for the scheduled cell (PCell),
· The number is the same as Rel-15/Rel-16 within a slot/span corresponding to the larger SCS between P(S)Cell and sSCell.
· In case SCSs of P(S)Cell and sSCell are same, the selected span can be referred to one of the two scheduling cells with smaller X in the combination(X,Y) to derive the span.
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