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[bookmark: _Ref129681832]In RAN1#93 meeting, the following agreements were achieved w.r.t search space [1]:
Agreements#1:
· For following, regardless of whether one or more numerologies, the limit of BDs/CCEs per CC per slot is equal to the limit of BDs/CCEs for non-CA case.
· Self-scheduling with up to 4 DL-CCs
· Self-scheduling with up to T DL-CCs where the UE reports BD capability of y >= T
· y is integer from (4, …, 16)
· T is integer from (1, .., 16)
· For cross-carrier scheduling where the scheduling CC and all the CCs schedulable by the scheduling CC have the same numerology and the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of BDs/CCEs of the scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case)
· Note: this is inline with the previous agreements at RAN1#92bis meeting
Agreements#2:
· For self-scheduling with same numerology, and 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 of BDs/CCEs per CC per slot is
· The total number of BDs/CCEs across CCs is based on UE BD capability. It can be split across CCs, subject to the non-CA limit on each CC.
· For SCell, NW ensures no overbooking based on non-CA case occurs.
Agreements#3:
· For UE BD capability reporting y = integer(4, …, 16), at least for self-scheduling,
· For UE not supporting CA with different numerologies, the reported value equally applies to all numerologies
· (Working assumption) For UE supporting CA with different numerologies, 
· When the UE is configured with CA with the same numerology, the reported value applies
· When the UE is configured with CA with different numerologies, the reported value applies to each set of DL-CCs with the same numerology, i.e.:
· If a UE is configured with DL-CCs of X0, X1, X2, X3, where Xi denotes the number of DL-CCs with the numerology i, the total number of (BDs or CCEs) for the DL-CCs with the numerology i is given by Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y} per slot of the numerology i
· Where Mi and Ni represent the number of BDs and CCEs per slot specified for non-CA case, respectively
· Note: some of the values of Xi may be zero depending on the CA configuration
· For each CC, the non-CA limit still applies
· FFS the impact of BWP, if any
Agreement#4:
· For self-scheduling with the same numerology or different numerologies, and the number of DL-CCs is <= 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, network ensures the number of BDs/CCEs on any SCell does not exceed the non-CA limit. 
Agreements#5:
· For self-scheduling with different numerologies, and 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 of BDs/CCEs per CC per slot is
· (Working assumption) The total number of BDs/CCEs across CCs per numerology is based on UE BD capability. It can be split across CCs for the given numerology, subject to the non-CA limit on each CC.
· If a UE is configured with DL-CCs of X0, X1, X2, X3, where Xi denotes the number of DL-CCs with the numerology i, the limit of (BDs or CCEs) for the DL-CCs with the numerology i is given by Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y} per slot of the numerology i
· For SCell, NW ensures no overbooking based on non-CA case occurs
In this contribution, remaining issues on the limit of BDs/CCEs for CA are discussed.
Remaining issues on search space
In RAN1#93, a couple of agreements have been achieved for the limit of BDs/CCEs for CA.  All the scenarios and the corresponding agreements already reached are summarized in Table 1.
[bookmark: _Ref520507475]Table 1 Summary of the scenarios and agreements for the limit of BDs/CCEs for CA
	Relationship between 4, y[1] and T[2]
	Self-scheduling
	Cross-carrier scheduling

	
	Same numerology
	Mixed numerologies
	Same numerology
	Mixed numerologies

	T=<4 or 4<T=<y
	Case 1[3]
The limit per CC per slot equal to the limit for non-CA case

	Case 4 [6]
The limit of the scheduling CC per slot is (number of scheduled CCs)*limit for non-CA case
	Case 5

	T>4 and T>y
	Case 2 [4]
The total limit   across CCs is based on BD capability and can be split across CCs
	Case 3[5]
The total limit across CCs per μ is based on BD capability.
The limit per μis y*M(μ) and proportion of the number of CCs with μ to the total number of CCs.
	Case 6
	Case 7

	Note: 
[1] T: The number of DL-CCs aggregated (1, .., 16)
[2] y: BD capability (4, …, 16)
[3] Agreement#1, Agreement#4
[4] Agreement#2
[5] Agreement#5
[6] Agreement#1



As shown in Table 1, there were conclusions for self-scheduling with same and mixed numerologies (case 1~3). In addition, one agreement for case 4 has been achieved.  Obviously, it is incomplete for cross-carrier scheduling.
In this paper, we discuss limit of BDs/CCEs for the remaining cases, i.e., case 5~7 in Table 1.
[bookmark: OLE_LINK52][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424](1) Case 5: cross-carrier scheduling with mixed μ, small number of CCs (T<4) and higher capability (y>T)
As shown in Figure 1 (a), in self-scheduling cases, the PDCCH candidates are evenly distributed to each time slot.  But in cross-carrier scheduling case especially when the SCS of the scheduling CC is lower than the SCS of the scheduled CC, shown in Figure 1 (b), all the PDCCH candidates are concentrated at the start of the slot on the scheduling CC. The number of BDs on the scheduling CC would be increased considerably compared with self-scheduling case. There are great differences in the distribution of PDCCH candidate with different cross-carrier configurations. But in general, the processing capacity of a UE is limited in a certain period of time. The maximum number of BDs supported by a UE can be increased linearly according to the number of CCs when T=< 4 if the UE supporting up to T DL-CCs.
	


	(a)

	


	(b)


Figure 1 self-scheduling and cross-carrier scheduling with mixed numerologies, T<4 and T<y 
To avoid complex computation with different cross-carrier configurations, the following proposal is given: 
Proposal 1: For cross-carrier scheduling with mixed numerologies, and the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of BDs/CCEs of the scheduling CC is not expected to be larger than X*(44 or 56) per 1ms, where X is the maximum number of CCs supported by the UE.
 (2) Case 6: cross-carrier scheduling with the same μ, large number of CCs (T>4) and limited capability (y < T)
For self-scheduling with same numerology, the total number of BDs/CCEs across CCs is defined in Agreement#2. The total number of BDs/CCEs across CCs is based on UE BD capability, i.e.,, or . The same rule can be easily applied for cross-scheduling case without additional BDs/CCEs. The proposal is given below.
Proposal 2: For cross-carrier scheduling with the same numerology, and 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 total number of BDs/CCEs across CCs is based on UE BD capability, i.e. or.  It can be split across CCs. 
(3) Case 7: cross-carrier scheduling with mixed μ, large CCs (T>4) and limited capability(y < T)
For self-scheduling with mixed numerologies, the total number of BDs/CCEs across CCs per numerology is defined in Agreements#5. The similar rule can be applied for cross-scheduling case. Considering that the numerologies of scheduling CC and scheduled CC may be different and the BDs/CCEs is defined  per slot of scheduling CCs, the previous results in Agreements#5 should be adjusted. Especially, when  is treated as, there will be more BDs/CCEs requirements. One simple solution to avoid additional BD/CCEs given a time duration, the numerology of the scheduled CC is treated as min (,). In particular, we have the following proposal:
Proposal 3: For cross-carrier scheduling with the mixed numerologies, and 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 total number of BDs/CCEs across CCs per numerology is based on UE BD capability. 
· If a UE is configured with DL-CCs of X0, X1, X2, X3, where Xi denotes the number of DL-CCs with the numerology i and the numerology of the scheduled CC is treated as the min(, ), the limit of (BDs or CCEs) for the DL-CCs with the numerology i is given by Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y} per slot of  the numerology i.
· 

· Figure 3 cross-carrier scheduling with mixed numerology, T>4 and y<T
As shown in Figure 3, CC2 is scheduled by CC1. Then the numerology of CC2 is treated as the numerology of CC1 due to the smaller SCS on the scheduling CC, Therefore X0, which is the number of DL-CCs with the numerology 0, is 3 (1 for CC1, 1 for CC3 and 1 for CC2 scheduled by CC1). X1, which is the number of DL-CCs with the numerology 1, is 2 (1 for CC3 and 1 for CC5).  According to the proposal above, the limit of (BDs or CCEs) for the DL-CCs with the numerology 0 is Floor{X0 / (X0 + X1 + X2 + X3) * M0 * y} = Floor {3 / (3 + 2) * 44* 4} =105 per 1ms. The limit of BDs for the DL-CCs with the numerology 1 is Floor{X1 / (X0 + X1 + X2 + X3) * M1* y} = Floor {2 / (3 + 2) * 36* 4} =57 per 0.5 ms.
Otherwise, if the numerology of CC2 is kept the numerology of itself, X0 would be 2 and X3 would be 3. The limit of (BDs or CCEs) for the DL-CCs with the numerology 0 is Floor{X0 / (X0 + X1 + X2 + X3) * M0 * y} = Floor {2 / (3 + 2) * 44* 4} =70 per 1ms. The limit of BDs for the DL-CCs with the numerology 1 is Floor{X1 / (X0 + X1 + X2 + X3) * M1* y} = Floor {3 / (3 + 2) * 36* 4} =86 per 0.5 ms. Therefore, the total number of BDs per 1ms is 70+86*2=242 which is larger than 105+57*2=219 from the above analyses.
Conclusion
Based on above discussions, the following proposals are given:
Proposal 1: For cross-carrier scheduling with mixed numerologies, and the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of BDs/CCEs of the scheduling CC is not expected to be larger than X*(44 or 56) per 1ms, where X is the maximum number of CCs supported by the UE.
[bookmark: _GoBack]Proposal 2: For cross-carrier scheduling with the same numerology, and 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 total number of BDs/CCEs across CCs is based on UE BD capability, i.e. or.  It can be split across CCs. 
Proposal 3: For cross-carrier scheduling with the mixed numerologies, and 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 total number of BDs/CCEs across CCs per numerology is based on UE BD capability. 
· If a UE is configured with DL-CCs of X0, X1, X2, X3, where Xi denotes the number of DL-CCs with the numerology i and the numerology of the scheduled CC is treated as the min(, ), the limit of (BDs or CCEs) for the DL-CCs with the numerology i is given by Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y} per slot of  the numerology i.
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