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In RAN1#91 meetings, some agreements on PDCCH blindly decoding were made as below:
Agreements:
· For information, the following cases are clarified:
· Case 1: PDCCH monitoring periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot;
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot
· The numbers in bracket in the following table can be further adjusted but not to be increased
· X<=16, Y<=8
· FFS whether or not to have case 2’, where the values of X and/or Y can be smaller than case 2
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2
	[44+X]
	[36+Y]
	[22+Y]
	[20]



In RAN1 AH#1801 meetings, a working assumption on the number of CCEs for channel estimation capability was made as below:
Working assumption:
· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for 48 CCEs for a given slot per scheduled cell
· FFS: cross-carrier scheduling
· FFS: wideband RS
· FFS: overbooking and/or nested structure
· FFS: exceptional case of CCE counting
· FFS: for case 2
In this contribution, we discuss the maximum number of PDCCH blind decodes for the case 1-2 and case 2 according to the conclusion from RAN1#91 meeting, and the number of CCEs for channel estimation capability UE needs to support. 
Discussion 
The maximum number of BDs 
In the previous meetings, larger aggregation levels, e.g. 16 was agreed to be supported for URLLC and/or for increasing PDCCH coverage. In UE specific search space sets, the set of aggregation levels and the corresponding candidates can be configured by gNB. The total number of blind decodes for all the aggregation levels per slot should be no more than the maximum number of PDCCH blind decodes.
Although both aggregation levels and the number of PDCCH candidates per aggregation level are configurable, UE PDCCH blind decoding (BD) capability still should be defined for a UE monitoring PDCCH(s). This can be considered as a benchmark for the gNB when configuring aggregation levels and/or the number of PDCCH candidates for each aggregation level. Moreover, such BD capability can be reported by a UE if needed, e.g., for energy saving. Otherwise, when in scenarios of multi-BWP, multi-TRP, multi-carrier, the configured number of blind decoding may exceed the capability of a UE. In order to avoid this case, gNB should know the capability of UE, then gNB will configure the number of blind decodings according to the reported UE capability. 
For non-slot based scheduling, one straightforward way is to define UE capability as the maximum number of PDCCH BDs within a slot. In order to have a unified design for both slot based and non-slot based scheduling, the maximum number of PDCCH BDs per slot for slot based scheduling and non-slot based scheduling should be identical, e.g., 44 (15kHz) and X=0, Y=0, which could guarantee the UE capability not to be increased when non-slot based scheduling is supported. If UE is configured with both slot based scheduling and non-slot based scheduling at the same time, the maximum number of PDCCH BDs should be the same too. The maximum number of blind decodings of PDCCH candidates in non-CA case should be specified as shown in the following table:
Table 1 Number of blind decodings within a slot for different subcarrier spacing and different PDCCH monitoring periodicity 
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2
	[44]
	[36]
	[22]
	[20]



Proposal 1: Confirm 44 as the maximum number of PDCCH BDs for case 1-2 15kHz SCS.
Proposal 2: Take the same number of case 1-1 for the maximum number of PDCCH BDs of case 2, i.e. X=0 and Y=0.
The number of CCEs for channel estimation capability UE needs to support
In order to limit the complexity of channel estimation, limiting the number of CCEs for channel estimation is helpful. However, it will also bring scheduling limitation.  For reduce the UE complexity, it can be considered to confirm the working assumption of 48 CCEs as the number of CCEs for channel estimation capability UE needs to support for a given slot per scheduled cell. However, some mechanisms to reduce the impact from scheduling limitation should be used also. For example, overbooking and/or nested search space as discussed in [1] should be supported also.   
Proposal 3: Confirm the following working assumption:
· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for 48 CCEs for a given slot per scheduled cell
For cross-carrier scheduling, since the number of blind decodes of each scheduled carrier is kept the same, so the number of CCEs for channel estimation for each scheduled carrier should be kept the same as 48 CCEs. We do not see the need to increase the number of CCEs for channel estimation per scheduled cell. So we propose that for cross-carrier scheduling, the number of CCEs for channel estimation per scheduled cell is kept as 48 CCEs, although in one scheduling cell, the total number of CCEs for all the scheduled cell will be times of 48 CCEs. 
Proposal 4: For cross-carrier scheduling, the number of CCEs for channel estimation capability per scheduled cell should be kept as 48.
The maximum number of grants to be monitored
In RAN1 AH #3 meeting, it was agreed that at least two DCI sizes are defined, one of which is at least for fallback purpose, and the other of which depends on configuration. The size of downlink fallback DCI and the size of uplink fallback DCI should be aligned. There is still no limitation to the maximum number of grants that a UE expects to monitor in a single slot. 
In order to limit the complexity of PDCCH monitoring, the maximum number of grants for a UE to monitor in a single slot should be defined. Otherwise after the UE has successfully decoded a DCI, it cannot stop the blindly decoding since it doesn’t know whether there are still its grants in the remaining candidates. If no limitation to the maximum number of grants, UE will always try the maximum number of blind decodes. So we propose to limit the maximum number of grants for a UE to monitor in a single slot.
For the detailed number of grants, we may need to consider all the scheduling probabilities. If the monitoring occasion is large, e.g. 20ms, UE only need to monitor PDCCH in the monitoring occasion N, N+20, N+40, etc. All the scheduling DCI for the scheduled data in those slot N, N+1 to N+19 can only exist in slot N. Furthermore, for the worst case, UE may be scheduled simultaneously in a single slot by scheduling DCI for RMSI, scheduling DCI for OSI, scheduling DCI for Paging, scheduling DCI for DL data, scheduling DCI for UL data. Thus, in USS, UE may only need to detect at most 2 DCIs per search space set for one DCI size with one RNTI from one TRP.
The minimum number of symbols to be monitored
In RAN1 #90bis meeting and RAN1 AH#1801 meeting, the following agreements were made.
Agreements:
· At least for cases other than initial access, to identify a set of search spaces, following parameters are configured by UE-specific RRC signaling:
· The number of PDCCH candidates for each aggregation level of {1, 2, 4, 8, [16]}
· One value from {0, 1, 2, 3, 4, 5, 6, 8}
· PDCCH monitoring occasion for the set of search spaces
· One value of from {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]} (at least 5 values)
· One or more value(s) from 1st symbol, 2nd symbol, …, 14th symbol within a monitored slot
· Each set of search spaces associates with a CORESET configuration by RRC signaling
Agreements:
· For a search space configuration, monitoring periodicity of slot(s) is updated as follows:
· For all SCS, {1, 2, 4, 5, 8, 10, 16, 20} slots
· For INT-RNTI, a subset of {1,2,4} slots is applied
· FFS: the case when concatenated semi-static DL/UL assignments is configured
According to the agreements, it is quite flexible that the PDCCH monitoring occasion can start from any symbol within a monitored slot, which will cause much more complexity to the UE implementation. It’s necessary to put some limitation to the time domain resource of CORESET, for example, the minimum distance of the starting PDCCH symbols for two adjacent PDCCH monitoring occasions should be no less than 2, 4 or 7. For 15kHz SCS, the minimum value of distance between two PDCCH monitoring occasions can be at least 2. While for 30kHz SCS, since the length of each symbol is shorter, considering the processing time from UE perspective, the minimum value of distance between two PDCCH monitoring occasions should be at least 4. For the same reason, for 60kHz SCS, the minimum value of distance between two PDCCH monitoring occasions should be even larger, e.g. at least 7 symbols. For 120kHz SCS, the minimum value of distance may be only 14 symbols, since the time of one slot in 120kHz SCS is only 0.125ms. For higher capability UEs, they can support small value of distance, but it only depends on the UE capability. 
Based on the analysis, we propose that:
		Proposal 5: The minimum distance between two PDCCH monitoring occasions should be defined for different SCS. i.e, 
· At least 2 OSs for 15kHz SCS
· At least 4 OSs for 30kHz SCS
· At least 7 OSs for 60kHz SCS
· At least 14 OSs for 120kHz SCS
Conclusion
Based on above discussions, the following observation and proposal are given:
Proposal 1: Confirm 44 as the maximum number of PDCCH BDs for case 1-2 15kHz SCS.
Proposal 2: Take the same number of case 1-1 for the maximum number of PDCCH BDs of case 2, i.e. X=0 and Y=0.
Table 1 Number of blind decodings within a slot for different subcarrier spacing and different PDCCH monitoring periodicity 
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2
	[44]
	[36]
	[22]
	[20]



Proposal 3: Confirm the following working assumption:
· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for 48 CCEs for a given slot per scheduled cell
Proposal 4: For cross-carrier scheduling, the number of CCEs for channel estimation capability per scheduled cell should be kept as 48.
		Proposal 5: The minimum distance between two PDCCH monitoring occasions should be defined for different SCS. i.e, 
· At least 2 OSs for 15kHz SCS
· At least 4 OSs for 30kHz SCS
· At least 7 OSs for 60kHz SCS
· At least 14 OSs for 120kHz SCS
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