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Introduction
In RAN1#100bis-e, it has been agreed that in case that a search space set is configured with multiple frequency domain monitoring locations by freqMonitorLocations-r16, the number of PDCCH candidate per aggregation level configured by nrofCandidates or nrofCandidates-SFI within a SearchSpace IE applies to each of RB sets configured by freqMonitorLocations-r16.
In addition, it has been agreed earlier that if a UE is provided availableRB-SetPerCell-r16, the UE is not required to monitor PDCCH candidates that overlap with any RB from RB sets that are indicated as unavailable for receptions by DCI format 2_0. 
However, it remains to be clarified whether the PDCCH candidates and the corresponding non-overlapping CCEs in the unavailable RB sets are counted into the BD/CCE limit or not. This would impact how PDCCH candidates can be allocated among multiple RB sets. In this paper, we discuss this issue. 
   
PDCCH candidate allocation among multiple RB sets
As specified by 38.213, overbooking is not allowed for CSS when configuring CSS sets, but it is allowed for USS when configuring USS sets. In case of overbooking, PDCCH candidates for monitoring are allocated to the USS set starting from the lowest set ID, then moving to second lowest set ID and so on, until the BD/CCE limit is reached. The USS set(s) with higher set ID(s) without allocated PDCCH candidates for monitoring will be dropped.  
Now consider a USS set configured with multiple frequency monitoring locations by freqMonitorLocations-r16. The choices would be whether the allocation of PDCCH candidates depends on the availability of RB sets or not:
· Alt-1: allocation of PDCCH candidates does NOT depend on RB set availability
· Alt-2: allocation of PDCCH candidates depends on RB set availability 
Alt-1 means that PDCCH candidates are allocated once the frequency monitoring locations (i.e. RB sets) are configured. For this semi-static approach, gNB must decide, before knowing LBT outcome, over which RB set(s) the USS set are monitored. And if such decision does not match the LBT outcome later, the allocated PDCCH candidates over the unavailable RB sets are wasted, resulting in the scheduling restriction.
For example, consider a USS set with number of PDCCH candidates 15. For a wideband carrier with 80MHz BW (i.e. 4 RB sets), if the USS set is configured with freqMonitorLocations-r16 to be monitored over all 4 RB sets, the number of BDs would become 15x4 = 60 which already exceeds the maximum number of monitored PDCCH candidates per slot per serving cell. As a result, the USS set will be dropped completely (no PDCCH candidates are allocated to such USS). Therefore, only maximum 2 RB sets can be configured for this USS set. And it is not easy to make a wise decision on which 2 RB sets are monitored. 
By contrast, Alt-2 provides more dynamic approach. Using the same example above, it is now possible to configure the USS set with 15 PDCCH candidates to be monitored over all 4 RB sets by freqMonitorLocations-r16, resulting overbooking (by the configuration). However, this is not an issue, because PDCCH candidates for monitoring are only allocated to the RB set(s) which become available indicated by DCI format 2_0. This is more aligned with the previous agreement that the UE is not required to monitor PDCCH candidates that overlap with any RB from RB sets that are indicated as unavailable for receptions by DCI format 2_0. Consequently, if gNB indicates RB set #2 and RB set #3 are available, 30 PDCCH candidates for monitoring will be allocated to RB sets #2 and #3 correspondingly.       
One concern on Alt-2 is that it might impose challenges on UE processing time because the PDCCH candidate allocation depends on the detection of DCI format 2_0. To ease this concern, the PDCCH candidate allocation can be performed at the next slot which is at least P symbols after the last symbol of GC-PDCCH carrying DCI format 2_0, similar to the mechanism used in SS set group switching. Considering the fact that RB set availability indication is valid for whole COT duration, such adjustment of the PDCCH candidate at later part of the COT still provide considerable benefit.
Proposal 1: If DCI format 2_0 indicates one or more RB sets are unavailable, starting from a first slot that is at least P symbols after the last symbol of GC-PDCCH carrying DCI format 2_0, PDCCH candidates and the corresponding non-overlapping CCEs in the indicated unavailable RB sets are not allocated.
The following TP can be adopted for 38.213:
	…
The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration [image: ] in a slot if the UE is not provided PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all serving cells, or in a span if the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided CORESETPoolIndex for first CORESETs, or is provided CORESETPoolIndex with value 0 for first CORESETs, and is provided CORESETPoolIndex with value 1 for second CORESETs, and if  or , the following pseudocode applies only to USS sets associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring.
If freqMonitorLocations-r16 indicates to a UE to monitor the search space set over multiple RB sets and if DCI format 2_0 indicates one or more RB sets are unavailable, PDCCH candidates and the corresponding non-overlapping CCEs are not allocated to the RB sets that are indicated as unavailable for DCI format 2_0, starting from a first slot that is at least P symbols after the last symbol of GC-PDCCH carrying DCI format 2_0.
…





Conclusion
Based on the discussion, we have the following proposals: 
Proposal 1: If DCI format 2_0 indicates one or more RB sets are unavailable, starting from a first slot that is at least P symbols after the last symbol of GC-PDCCH carrying DCI format 2_0, PDCCH candidates and the corresponding non-overlapping CCEs in the indicated unavailable RB sets are not allocated.
The following TP can be adopted for 38.213:

	…
The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration [image: ] in a slot if the UE is not provided PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all serving cells, or in a span if the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided CORESETPoolIndex for first CORESETs, or is provided CORESETPoolIndex with value 0 for first CORESETs, and is provided CORESETPoolIndex with value 1 for second CORESETs, and if  or , the following pseudocode applies only to USS sets associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring.
If freqMonitorLocations-r16 indicates to a UE to monitor the search space set over multiple RB sets and if DCI format 2_0 indicates one or more RB sets are unavailable, PDCCH candidates and the corresponding non-overlapping CCEs are not allocated to the RB sets that are indicated as unavailable for DCI format 2_0, starting from a first slot that is at least P symbols after the last symbol of GC-PDCCH carrying DCI format 2_0.
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