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Introduction
In this document, we provide our view on BD/CCE limit for cross-carrier scheduling with different numerologies
Discussion
For cross-carrier scheduling with different numerologies, the following two cases were identified in RAN1#94 [1].
· case 1: Different numerologies between scheduling cell and scheduled cell
· case 2: Same numerology between scheduling cell and scheduled cell but different numerologies between scheduling cells
In RAN#81, it was agreed that case 1 is postponed to Rel.16 [2]. Therefore, BD/CCE limit for Rel.16 needs to be concluded. Table 1 shows the summary of BD/CCE limit (note that the case number in the table does not correspond to the above case number).
Table 1 Summary of BD/CCE limit
	Relationship between 4, y and T
	Self-scheduling
	Cross-carrier scheduling

	
	Same numerology
	Mixed numerologies
	Same numerology
(for all DL serving cells)
	Mixed numerologies

	
	
	
	
	Different numerologies between scheduling cell and scheduled cell
	Same numerology between scheduling cell and scheduled cell but different numerologies between scheduling cells

	T=<4 or 4<T=<y
	Case 1
The limit per CC per slot equal to the limit for non-CA case
	Case 4
The limit of the scheduling CC per slot is (number of scheduled CCs)*(limit for non-CA case)
	Case 6-1
Postponed to Rel.16

	Case 6-2
Same as Case 4

	T>4 and T>y
	Case 2
The total limit across CCs is based on BD capability and can be split across CCs
	Case 3
The total limit across CCs per μ is based on BD capability.
The limit per μ is y*M(μ) and proportion of the number of CCs with μ to the total number of CCs.
	Case 5
Same as Case 3 

	Case 7-1
Postponed to Rel.16

	Case 7-2
Same as Case 3 and 5



The processing time requirement for different numerologies is specified based on lower SCS between scheduling CC and scheduled CC [3] (i.e., according to the following spec, lowest µ is selected in order to have largest Tproc,1 or Tproc,2).
UE PDSCH processing procedure time (TS 38.214 [3] section 5.3):
	
[bookmark: _Hlk508187268][bookmark: _Hlk500865557]If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged, then the UE shall provide a valid HARQ-ACK message. 
-	N1 is based on µ of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µPDCCH, µPDSCH, µUL) resulting with the largest Tproc,1, where the µPDCCH corresponds to the subcarrier spacing of the PDCCH scheduling the PDSCH, the µPDSCH corresponds to the subcarrier spacing of the scheduled PDSCH, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted, and κ is defined in subclause 4.41 of [4, TS 38.211]. 



UE PUSCH preparation procedure time (TS 38.214 [3] section 6.4):
	
[bookmark: _Hlk496824026]If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 
-	N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].



[bookmark: _Ref521411559]These processing times include PDCCH processing time. If BD/CCE limit is determined based on higher SCS, these processing time cannot be fulfilled because higher SCS needs to process more BDs/CCEs than lower SCS as Table 2 and Table 3. In addition, how PDCCH and PDSCH processing time is shared is up to UE design. Therefore, BD/CCE limit should be determined based on the lowest SCS among CCs schedulable by the scheduling CC. The slot length to which BD/CCE limit is applied is also based on the lowest SCS. 
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Table 2 Non-CA limit of BDs
	SCS
	Maximum number of monitored PDCCH candidates per serving CC

	15 kHz
	44 BDs/slot ( 44 BDs/ms)

	30 kHz
	36 BDs/slot ( 72 BDs/ms)

	60 kHz
	22 BDs/slot ( 88 BDs/ms)

	120 kHz
	20 BDs/slot (160 BDs/ms)


[bookmark: _Ref521411561]

Table 3 Non-CA limit of CCEs
	SCS
	Maximum number of non-overlapped CCEs per serving CC

	15 kHz
	56 CCEs/slot ( 56 CCEs/ms)

	30 kHz
	56 CCEs/slot (112 CCEs/ms)

	60 kHz
	48 CCEs/slot (192 CCEs/ms)

	120 kHz
	32 CCEs/slot (256 CCEs/ms)



In the above discussion, we have assumed no change of the processing time requirement for different numerologies from the agreement made in Release 15. The agreement made in Release 15 is easier for UE implementation but the system merit of cross-carrier scheduling with different numerologies are almost gone because of using lower SCS processing time. If to revise the processing time requirement for different numerologies are allowed in the scope, more useful function from the system perspective would be defined.
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BD/CCE limit for Case 6-1
For Case 6-1, the similar definition as Case 6-2 can be applied, i.e., the limit of the scheduling CC per slot is (number of scheduled CCs)*(limit for non-CA case). However, difference from Case 6-2 is that SCS and slot length for BD/CCE limit are based on the lowest SCS among CCs schedulable by the scheduling CC. 
· Example:
· Conditions
· CC#0: 15 kHz SCS, scheduling CC
· CC#1: 30 kHz SCS, scheduled CC scheduling from CC#0
· CC#2: 60 kHz SCS, scheduling CC
· CC#3: 30 kHz SCS, scheduled CC scheduling from CC#2
· BD limit of scheduling CC
· CC#0: 2 CCs * 44 BDs/1ms = 88 BDs/1ms
· CC#2: 2 CCs * 36 BDs/0.5ms = 72 BDs/0.5ms

BD/CCE limit for Case 7-1
For Case 7-1, the similar definition as Case 7-2 can be applied, i.e., the limit per SCS is y *(limit for non-CA case) and proportion of the number of CCs with SCS to the total number of CCs. However, difference from Case 7-2 is that SCS and slot length for BD/CCE limit are based on the lowest SCS among CCs schedulable by the scheduling CC. 
· Example:
· Conditions
· y = 4
· CC#0			: 15 kHz SCS, scheduling CC
· CC#1, CC#2	: 30 kHz SCS, scheduled CC scheduling from CC#0
· CC#3			: 60 kHz SCS, scheduling CC
· CC#4			: 30 kHz SCS, scheduled CC scheduling from CC#3
· BD limit per numerology
· 15 kHz(for CC#0): Floor{4 * 44 BDs/1ms * (3 CCs / 5 CCs)} = 105 BDs/1ms
· 30 kHz(for CC#3): Floor{4 * 36 BDs/0.5ms * (2 CCs / 5 CCs)} = 57 BDs/0.5ms

Proposal 1: To discuss whether the processing time requirement for different numerologies are revisited or not i.e. based on lower SCS or not.
Proposal 2: If no change of the processing time requirement for different numerologies is applied, for cross-carrier scheduling with different numerologies, and different numerologies between scheduling cell and scheduled cell, 
· If the number of DL-CCs is <= 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of the scheduling CC per slot is (number of scheduled CCs)*{M(μ) or C(μ)}.
· If the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit per numerology is y*{M(μ) or C(μ)} and proportion of the number of CCs with μ to the total number of CCs.
· For both cases, μ and slot length for the limit are based on the lowest SCS among CCs schedulable by the scheduling CC.
[bookmark: _GoBack]

Conclusion
We discussed BD/CCE limit for cross-carrier scheduling with different numerologies. We propose following.
Proposal 1: To discuss whether the processing time requirement for different numerologies are revisited or not i.e. based on lower SCS or not.
Proposal 2: If no change of the processing time requirement for different numerologies is applied, for cross-carrier scheduling with different numerologies, and different numerologies between scheduling cell and scheduled cell, 
· If the number of DL-CCs is <= 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of the scheduling CC per slot is (number of scheduled CCs)*{M(μ) or C(μ)}.
· If the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit per numerology is y*{M(μ) or C(μ)} and proportion of the number of CCs with μ to the total number of CCs.
· For both cases, μ and slot length for the limit are based on the lowest SCS among CCs schedulable by the scheduling CC.
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