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Introduction
In NR-U wideband operation, it has been agreed some meetings ago that one search space set can be duplicated into multiple frequency monitoring locations, each confined within one LBT bandwidth (called RB set in spec). Furthermore, some signal details were agreed in RAN1#99 as the following agreement.
	Agreement:
For a search space set configuration with multiple monitoring locations in the frequency domain,
· Within the SearchSpace IE, the agreed RRC parameter freqMonitorLocations-r16 provides a bitmap (where the first bit in the bitmap corresponds to the first RB set in the BWP, and the second bit corresponds to the second RB set, and so on). For a RB set indicated in the bitmap, the first PRB of the frequency domain monitoring location confined within the RB set is aligned with {the first PRB of the RB set + rb-Offset provided by the associated CORESET configuration}.
· The frequency domain resource allocation pattern for each monitoring location is determined based on the first A bits in frequencyDomainResources provided by the associated CORESET configuration, where A = floor({the number of available PRBs in the first RB set (accounting for rb-Offset) for the BWP}/6).




The above details have been captured in 38.213. However, there is still one missing element to enable the feature of multiple frequency monitoring locations – how to allocate the PDCCH candidate and CCE among multiple frequency locations. In this paper, we discuss the remaining issue in this regard and propose some modifications to 38.213.
   
PDCCH candidate and CCE mapping for SS set configuration with freqMonitorLocation-r16
In current spec, the number of PDCCH candidates per aggregation level is assigned in a search space set configuration. However, it is unclear in case that a search space set has multiple frequency monitoring locations (i.e. with freqMonitorLocation-r16 configured), how the number of PDCCH candidates is allocated among the multiple frequency monitoring locations.
In the RAN1#99 , two alternatives have been identified [1], but there is no conclusion due to lack of the meeting time. The two alternatives are recapped in the following:
· Alt 1: The number of PDCCH candidates is assigned for each monitoring location. For instance, if nrofCandidates for aggregation level 1 is configured to 4 and this search space set has 2 frequency monitoring locations, then 4 nrofCandidates for aggregation level 1 is assigned to the first monitoring location and 4 nrofCandidates for aggregation level 1 is assigned to the second monitoring location.
· Alt 2: The number of PDCCH candidates is distributed evenly to each monitoring location. For instance, if nrofCandidates for aggregation level 1 is configured to 4 and this search space set has 2 frequency monitoring locations, then 2 nrofCandidates for aggregation level 1 is assigned to the first monitoring location and 2 nrofCandidates for aggregation level 1 is assigned to the second monitoring location.
As captured in [1], there was no company supporting Alt 2. 
In the last meeting, RAN1#100e, some companies also proposed to clarify this issue [2] where all suggested Alt 1. But it was not discussed due to lack of time. In our opinion, if this issue is not clarified, it is unclear how the whole feature of supporting multiple frequency monitoring locations of a search space set can work. Although selecting Alt 1 or Alt 2 seems to be a matter of definition, Alt 1 is more aligned with the intention of the parameter freqMonitorLocation-r16, in the sense that the original configuration of a SS set is “duplicated” into multiple frequency locations. Therefore, we suggest RAN1 to conclude this issue in this meeting using Alt 1. 
Proposal 1: If freqMonitorLocation-r16 is configured for a UE to monitor a search space set over multiple RB sets, the number of PDCCH candidates provided by the search space set configuration is assigned to each RB set. The following TP can be adopted for 38.213:

	[bookmark: _Hlk37151417]…
If the monitoringSymbolsWithinSlot indicates to a UE to monitor PDCCH in a subset of up to three consecutive symbols that are same in every slot where the UE monitors PDCCH for all search space sets, the UE does not expect to be configured with a PDCCH SCS other than 15 kHz if the subset includes at least one symbol after the third symbol. 
If freqMonitorLocations-r16 indicates to a UE to monitor the search space set over multiple RB sets, the number of PDCCH candidates [image: ]is assigned to each RB set.
A UE does not expect to be provided a first symbol and a number of consecutive symbols for a CORESET that results to a PDCCH candidate mapping to symbols of different slots.
…



Another related issue is whether overbooking of PDCCH candidates/CCE is allowed or not when configuring multiple frequency monitoring locations. One alternative is that overbooking is not allowed. The consequence would be if some RB sets fail LBT, the allocated PDCCH candidates/CCE are wasted. The other alternative is that overbooking is allowed in the configuration. Overbooking is useful because the availability of LBT bandwidths are unknown at the time when multiple frequency monitoring locations are configured. Once the set of LBT bandwidths to be monitored is determined (e.g. based on indication of GC-PDCCH), the overbooked PDCCH candidates/CCE can be dropped to meet the BD/CCE limit. The existing dropping rule can be applied. To account for the UE processing time, the PDCCH candidate/CCE re-allocation can be performed at the next slot which is at least P symbols after the last symbol of GC-PDCCH, 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/CCE at later part of the COT still provide considerable benefit.  
Proposal 2: RAN1 further discuss whether overbooking of PDCCH candidates/CCE is allowed in case that search space set configuration has multiple frequency monitoring locations.    




Conclusion
Based on the discussion, we have the following proposals: 
Proposal 1: If freqMonitorLocation-r16 is configured for a UE to monitor a search space set over multiple RB sets, the number of PDCCH candidates provided by the search space set configuration is assigned to each RB set. The following TP can be adopted for 38.213:
	…
If the monitoringSymbolsWithinSlot indicates to a UE to monitor PDCCH in a subset of up to three consecutive symbols that are same in every slot where the UE monitors PDCCH for all search space sets, the UE does not expect to be configured with a PDCCH SCS other than 15 kHz if the subset includes at least one symbol after the third symbol. 
If freqMonitorLocations-r16 indicates to a UE to monitor the search space set over multiple RB sets, the number of PDCCH candidates [image: ]is assigned to each RB set.
A UE does not expect to be provided a first symbol and a number of consecutive symbols for a CORESET that results to a PDCCH candidate mapping to symbols of different slots.
…



Proposal 2: RAN1 further discuss whether overbooking of PDCCH candidates/CCE is allowed in case that search space set configuration has multiple frequency monitoring locations.    
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