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1. [bookmark: _Toc120549591]Introduction
During last RAN1#106b-e meeting [1], issues for cross-carrier scheduling from sSCell to P(S)Cell were discussed and some progress has been achieved to support PDCCH on sSCell scheduling PDSCH/PUSCH on P(S)Cell.
In this contribution, we will further discuss and share our views on the remaining issues on the BD/CCE limit handling and CCS configuration of the two types of UE.
2. Discussion
2.1 PDCCH monitoring and BD/CCE limit handling
2.1.1 Type B UE BD/CCE limit handling
In last RAN1 meeting, solutions for BD/CCE limit handling at least for Type B UE were discussed, the following agreement was achieved [1]. And some detailed issues based on the conclusion are expected for this meeting. 
Agreement
Option A is supported in Rel-17
· At least for Type B UE, when the UE is configured for CCS from sSCell to P(S)Cell and when P(S)Cell SCS () is less than or equal to sSCell SCS (),[and at least when UE is not provided monitoringCapabilityConfig for any cell, ]
· Option A
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than [ or ] PDCCH BD candidates per sSCell slot
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·   is based on RRC configuration 
·   is used for P(S)Cell overbooking procedure
· When determining  and  
· P(S)Cell self-scheduling is counted by applying scaling factor s1 
· sSCell to P(S)Cell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
· s1=1 and s2=0, FFS other s1 and s2
·   and  are based on RRC configuration
· FFS: additional constraints on s1 and s2 e.g., 1 ≤ s1+s2 ≤ 2 or s1 + s2  1
· Note:  is as in Rel16 
· UE capability/incapability indication for below to be discussed as part of UE features discussion
· All search space configurations monitored on sSCell for cross-carrier scheduling to P(S)Cell are within a single span of [3] consecutive OFDM symbols within a duration spanning P(S)Cell slot
· Same approach as above is used for CCE limits
· FFS: Separate vs. same RRC configured scaling factors (corresponding to ) for BD and CCE limits.
· When P(S)Cell SCS () is larger than sSCell SCS (), for CCS from sSCell to P(S)Cell and, it is not supported Rel-17 DSS.

In the solution based on Option A, the total BD/CCE budget from the perspective of the scheduled cell is split into two parts by applying scaling factor  per P(S)Cell slot. One part is used for P(S)Cell self-scheduling and another part for cross-carrier scheduling from sSCell to P(S)Cell. While the restriction of BD/CCE budget within each sSCell slot and other detailed issues on calculating  need to be further discussed.
Regarding the selection of BD/CCE limit on sSCell (for cross-carrier scheduling to P(S)Cell) per single sSCell slot, we think  is more reasonable. It is more acceptable if we can maintain BD/CCE limit handling on sSCell per sSCell slot as in Rel-16 specification, which can also avoid additional complexity for UE implementation.
Regarding the determination of  and , which are significantly affected by scaling factors s1 and s2, we think s1=1 and s2=0 is enough and other values of s1 and s2 should not be supported. We provide a detailed analysis by comparing the total number of PDCCH monitoring and corresponding BD limits among several different combinations of s1 and s2 as the following with the assumption of the typical DSS case illustrated in Figure 1, where UE is configured with one 15 kHz P(S)Cell in FDD band and four 30 kHz SCell(s) in TDD band and one is used as sSCell. UE reports its BD capability pdcch-BlindDetectionCA = 4. The n1 and n2 are the BD limits for P(S)Cell self-scheduling per P(S)Cell slot, and p1_1, p1_2 and p2_1 are the BD limits for sSCell cross-carrier scheduling P(S)Cell per sSCell slot.

Figure 1. Illustration of BD/CCE limits handling in CCS from sSCell to P(S)Cell

, and BD limits per slot for P(S)Cell self-scheduling and sSCell cross-carrier scheduling to P(S)Cell with different combinations of s1 and s2 are calculated as the following Table 1.
Table 1. BD budget for different combination cases of s1 and s2
	BD limits (scheduling) based on Option A
	[bookmark: _Hlk86687218]s1=1, s2=0
	s1=1, s2=1
	s1=0.5, s2=0.5

	
	35
	29
	17

	
	115
	120
	129

	n1
(P(S)Cell self-scheduling)
	n1<= *35
	n1<= *29
	n1<= *17

	n2
(P(S)Cell self-scheduling)
	n2<= *35
	n2<= *29
	n2<= *17

	p1_1
(sSCell cross-carrier scheduling P(S)Cell)
	p1_1 <= 36;
p1_1+p1_2 <= *35
	p1_1 <= 36;
p1_1+p1_2 <= *29
	p1_1 <= 36;
p1_1+p1_2 <= *17

	p1_2
(sSCell cross-carrier scheduling P(S)Cell)
	p1_2 <= 36;
p1_1+p1_2 <= *35
	p1_2 <= 36;
p1_1+p1_2 <= *29
	p1_2 <= 36;
p1_1+p1_2 <= *17

	p2_1
(sSCell cross-carrier scheduling P(S)Cell)
	p2_1 <= 36;
p2_1 <= *35
	p2_1 <= 36;
p2_1 <= *29
	p2_1 <= 36;
p2_1 <= *17



In Rel-16 specification, the total number of BD for serving cells with μ and μ1 is ; . According to the results in Table 1, it can be observed that the total BD number is aligned with that in Rel-16 in case of s1=1 and s2=0, but other scaling factor values will cause the total BD number beyond the capability in current specification. 
In addition, for the BD limits on P(S)Cell and sSCell in the above example, combinations of s1=1, s2=1 and s1=0.5, s2=0.5 will cause unnecessary restriction to PDCCH monitoring for both P(S)Cell self-scheduling and sSCell cross-carrier scheduling to P(S)Cell because the sum of n1, p1_1 and p1_2 or the sum of n2 and p2_1 is smaller than that in the s1=1, s2=0 case. By contrast, it is obvious that s1=1 and s2=0 can provide more scheduling opportunities and will not exceed Rel-16 UE capability. 
Proposal 1. For BD/CCE limit handling based on option A, Type B UE is not required to monitor more than PDCCH BD candidates per sSCell slot. When determining and , other s1 and s2 excluding s1=1 and s2=0 are not supported.
2.1.2 Type-0/0A/1/2-CSS handling and BD/CCE limits for Type A UE
In RAN1#106b-e meeting, one remaining issue is the restriction on Type-0/0A/1/2-CSS sets configurations for Type A UE. The following proposal in FL summary [2] is used for further discussion in this meeting.
Proposal 2v2-1
· Down-select from following approaches for PDCCH monitoring and BD limit handling for Type A UE
· Possible Approach 1
· All UEs (supporting cross-carrier scheduling from SCell to Pcell) can simultaneously monitor ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell at least for broadcast DCI formats’
· BD/CCE limits for Type B UEs are applicable for all UEs supporting cross-carrier scheduling from sSCell to P(S)Cell
· Additional simplifications to PDCCH monitoring can be discussed during UE capabilities discussions including the following
· Type A UE as per RAN1#105-e agreement and
· simultaneous monitoring of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell’ 
· Type A UE as per RAN1#105-e agreement and
· no simultaneous monitoring between ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for DCI formats with CRC scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’ 
· simultaneous monitoring of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for DCI formats with CRC not scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’
· Separate UE capability/incapability is introduced to indicate support/no support of simultaneous monitoring of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for unicast DCI formats’
· Possible Approach 2 
· All UEs (supporting cross-carrier scheduling from SCell to Pcell) can be configured with Type 0/0A/1/2/CSS sets on P(S)Cell that overlap with sSCell USS sets (for P(S)Cell scheduling)
· Type A UEs drop the USS set(s) on sSCell (for P(S)Cell scheduling) that overlap in same [symbol/slot] as Type 0/0A/1/2/CSS sets on P(S)Cell
· Separate UE capability is introduced for the Type A UEs
· BD/CCE limit for Type A UE is based on one of the following approaches
· Option B (discussed earlier for Type B UEs)
· Option D
· In a slot, if the PDCCH candidates are only configured on P(S)Cell, the BD/CCE limit on this slot is determined based on the P(S)Cell configurations
· In a slot, if the PDCCH candidates are configured only on sSCell, the BD/CCE limit on this slot is determined based on the sSCell configurations
· The limit of Rel-16 UE capability is applied without further restrictions
· Option E
· No per-slot change in  and 

First, we analyze the down-selection between Approach 1 and Approach 2. According to the illustration of Type A UE and Type B UE in RAN1#105-e meeting agreement [3], Type A UE does not monitor USS and Type3-CSS set(s) for DCI formats 1_0/0_0 with C-RNTI/CS-RNTI/MCS-C-RNTI on P(S)Cell and USS set(s) for scheduling P(S)Cell on sSCell in overlapping [slot/symbol] with the intention to reduce the complexity at UE side. As for Type-0/0A/1/2-CSS sets monitoring behaviour, we think it is also reasonable to clearly distinguish the two types of UE by Possible Approach 2. While Approach 1 allows simultaneous PDCCH monitoring on P(S)Cell and sSCell (for cross-carrier scheduling to P(S)Cell), or just restricts unicast PDCCH monitoring on P(S)Cell, but the PDCCH monitoring behavior of Type-0/0A/1/2-CSS sets with SI-RNTI/P-RNTI/RA-RNTI is not included in it. Besides, it is allowed to configure Type-0/0A/1/2-CSS sets on P(S)Cell and USS sets on sSCell in overlapping [symbol/slot] in Approach 2, but Type A UE does not need to monitor PDCCH of USS sets for scheduling P(S)Cell on sSCell, which avoids blind decoding on both P(S)Cell and sSCell simultaneously and has no impact on NW scheduling. Considering Type-0/0A/1/2-CSS on P(S)Cell are usually used to scheduling cell-specific information, it is acceptable to maintain decoding DCI formats on Type-0/0A/1/2-CSS on P(S)Cell by dropping overlapped USS sets on sSCell. Therefore, we support Approach 2 behavior that Type A UE drops the USS set(s) on sSCell (for P(S)Cell scheduling) that overlap in same [symbol/slot] as Type 0/0A/1/2/CSS sets on P(S)Cell. 
Next, we further discuss the BD/CCE limit handling for Type A UE. For the options of BD/CCE limit handling given in Approach 2, since PDCCH monitoring in Approach 2 will only occur on one cell (P(S)Cell or sSCell) within each slot, there is no need to consider distribution of BD/CCE budget across different cells, therefore we think Option B is unnecessary. Option D determines BD/CCE limit on a slot from the respective of scheduling cell configuration, it may cause dynamic change from slot to slot when SCS configuration of P(S)Cell and sSCell are different, which should be avoided. We are fine with Option E that  and  do not need to vary per slot. UE may indicate respective maximum number of BD/CCE that corresponds to P(S)Cell (for self-scheduling) and sSCell (for cross-carrier scheduling P(S)Cell), and the limit of Rel-16 UE capability is applied without further restrictions.
Proposal 2. Support Approach 2 for PDCCH monitoring and BD/CCE limit handling for Type A UE with Option E.
· All UEs (supporting cross-carrier scheduling from sSCell to PCell) can be configured with Type-0/0A/1/2-CSS sets on P(S)Cell that overlap with sSCell USS sets (for P(S)Cell scheduling)
· Type A UE drops the USS set(s) on sSCell (for P(S)Cell scheduling) that overlap in same [symbol/slot] as Type-0/0A/1/2-CSS sets on P(S)Cell. 
· BD/CCE limit handling for Type A UE are based on Rel-16 without per-slot change in  and .
[bookmark: _GoBack]
2.1.3 Other DCI monitoring behavior
DCI format 2_5
In Rel-16, DCI format 2_5 can be monitored PCell/PSCell or SCell, we think this rule can be reused in Rel-17 CCS.
Proposal 3. DCI format 2_5 can be monitored on PCell/PSCell or SCell as Rel-16. 
2.2 CCS application scenario and configuration
In this section, we will discuss application scenario and search space set(s) configuration for cross-carrier scheduling from sSCell to P(S)Cell especially considering the case when sSCell is deactivated or dormant. 
If sSCell is deactivated or dormant, there is no motivation and possibility of offloading PDCCH monitoring on sSCell and both Type A and Type B UE should fallback to Rel-16 CA behaviour. But one thing should be considered is which USS set(s) are monitored in this “fallback” behaviour when sSCell is deactivated/dormant. There are three possible ways with the following analysis. 
· The first solution is only the self-scheduling USS sets configured on P(S)Cell can continue to be monitored for “fallback” PDCCH monitoring as shown in Figure 2-a, and search space parameters including nrofcandidates and monitoringSlotPeriodicityAndOffset, duration, monitoringSymbolsWithinSlot configured in P(S)Cell are available for PDCCH monitoring, but this solution will cause the restricted scheduling opportunity since only partial USS sets can be used. 
· The second solution is gNB reconfiguring the P(S)Cell’s cross-carrier scheduling configuration and the USS sets as shown in Figure 2-b, but this will cause the service interruption especially considering the longer delay of RRC signalling compared with sSCell activation/deactivation MAC-CE or L1 sSCell dormant signalling. 
· The third solution is except for the self-scheduling USS sets on P(S)Cell when CCS is enabled, additional USS set(s) can also be pre-configured on P(S)Cell as USS#3 shown in Figure 2-c, which can be monitored on P(S)Cell once sSCell becomes deactivated or dormant. The additional USS sets cannot be monitored on P(S)Cell when sSCell is activated but can be monitored on sSCell as CCS USS sets. According to the conclusion of RAN1#106b-e meeting, Rel-16 SS linking approach is reused for CCS USS set(s) from sSCell to P(S)Cell, but for USS#3, since it can be monitored on P(S)Cell or sSCell according to the condition whether CCS is disabled/enabled, complete parameters including nrofcandidates and monitoringSlotPeriodicityAndOffset, duration, monitoringSymbolsWithinSlot under IE SearchSpace can be configured for the linked SS set in P(S)Cell, and parameters other than nrofcandidates can only become enabled when CCS from sSCell to P(S)Cell is disabled. This solution can avoid unnecessary RRC reconfiguration and limited scheduling opportunities since all USS sets can be monitored on P(S)Cell when CCS is disabled.
[image: ]
2-a. Illustration of USS sets configuration for solution 1
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2-b. Illustration of USS sets configuration for solution 2
[image: ]
2-c. Illustration of USS sets configuration for solution 3
Figure 2. Illustration of USS sets configuration on P(S)Cell 
Proposal 4. For a linkage USS set which is monitored on sSCell (for scheduling P(S)Cell), monitoringSlotPeriodicityAndOffset, duration, monitoringSymbolsWithinSlot can also be configured and it can be monitored on P(S)Cell when sSCell is deactivated or dormant.
· When the linkage USS set is monitored on P(S)Cell, all parameters in search space configuration are applied.
However, since both USS sets for P(S)Cell self-scheduling when CCS is enabled and additional USS sets for fallback self-scheduling monitoring when sSCell is deactivated/dormant (CCS is disabled) are configured on P(S)Cell, e.g., USS#1 and USS#3 in Figure 2-c, how UE can differentiate these two USS set categories? In current NR design, the cross-carrier scheduling framework is configured at serving cell configuration level, which is applied for all search space sets. As these additional USS sets can only be monitored on P(S)Cell when sSCell becomes deactivated/dormant, the current cross-carrier scheduling configuration framework is not suitable to handle this kind of case. Therefore, the cross-carrier scheduling configuration can be configured per USS set for P(S)Cell to differentiate the USS#1 and USS#3. For example, self-scheduling information is configured in USS#1 which is only monitored on P(S)Cell, cross-carrier scheduling information is configured in USS#3 which is monitored on P(S)Cell when sSCell is deactivated/dormant and on sSCell when sSCell is activated/non-dormant.
Proposal 5. Cross-carrier scheduling configuration can be configured per USS set for P(S)Cell, e.g., the information about whether this USS set is used for self-scheduling or used for cross-carrier scheduling when sSCell is activated/non-dormant but can also be monitored on P(S)Cell only when sSCell is deactivated/dormant.
3. Conclusions
In this contribution, BD/CCE handling and CCS configuration framework is discussed, and the following proposals are made.
Proposal 1. For BD/CCE limit handling based on option A, Type B UE is not required to monitor more than PDCCH BD candidates per sSCell slot. When determining and , other s1 and s2 excluding s1=1 and s2=0 are not supported.
Proposal 2. Support Approach 2 for PDCCH monitoring and BD/CCE limit handling for Type A UE with Option E.
· All UEs (supporting cross-carrier scheduling from sSCell to PCell) can be configured with Type-0/0A/1/2-CSS sets on P(S)Cell that overlap with sSCell USS sets (for P(S)Cell scheduling)
· Type A UE drops the USS set(s) on sSCell (for P(S)Cell scheduling) that overlap in same [symbol/slot] as Type-0/0A/1/2-CSS sets on P(S)Cell. 
· BD/CCE limit handling for Type A UE are based on Rel-16 without per-slot change in  and .
Proposal 3. DCI format 2_5 can be monitored on PCell/PSCell or SCell as Rel-16. 

Proposal 4. For a linkage USS set which monitored on sSCell (for scheduling P(S)Cell), monitoringSlotPeriodicityAndOffset, duration, monitoringSymbolsWithinSlot can also be configured and it can be monitored on P(S)Cell when sSCell is deactivated or dormant.
· When the linkage USS set is monitored on P(S)Cell, all parameters in search space configuration are applied.
Proposal 5. Cross-carrier scheduling configuration can be configured per USS set for P(S)Cell, e.g., the information about whether this USS set is used for self-scheduling or used for cross-carrier scheduling when sSCell is activated/non-dormant but can also be monitored on P(S)Cell only when sSCell is deactivated/dormant.
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