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Introduction
In RAN1#104bis-e, to define multi-slot PDCCH monitoring capability for NR operation in the frequency range between 52.6GHz to 71GHz, the following refinement of the alternatives has been agreed:
	Agreement:
Previous agreement is modifed as follows:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· Alt 1: Use a fixed pattern of slot groups as the baseline to define the new capability. 
· Each slot group consists of X slots
· Slot groups are consecutive and non-overlapping
· The capability indicates the BD/CCE budget within Y consecutive [symbols or slots] in each slot group separately
· FFS: Supported values/constraints of X and Y, e.g. Y<=X, Y=X
· FFS: Restrictions on location of the Y [symbols or slots] within a slot group, e.g. the Y [symbols or slots] always start at the first slot within a slot group
· FFS: Further definition of capabilities
· Alt 2: Use an (X, Y) span as the baseline to define the new capability
· X is the minimum time separation between the start of two consecutive spans
· The capability indicates the BD/CCE budget within a span of at most Y consecutive [symbols or slots] 
· Y <= X
· FFS: Exact values of X and Y and units in which they are defined (e.g., symbols, slots), including cases where a span is longer than one slot or crosses a slot boundary. 
· FFS: What is a span pattern, how it is defined and whether it is supported. If it is supported, whether number of slots within which the span pattern is repeated is needed, and if needed, the value of the number of slots. 
· FFS: Further definition of capabilities
· Alt 3: Use a sliding window of X slots as the baseline to define the new capability. 
· The capability indicates the BD/CCE budget within the sliding window
·  The sliding unit of the sliding window is [1] slot.
· FFS: Further definition of capabilities
· Specific numbers for X, Y may depend on UE capability and gNB configuration
· Examples: 
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS




In this paper, we present our views on the multi-slot PDCCH monitoring capability design. 



Multi-slot PDCCH monitoring capability 
Definition of multi-slot PDCCH monitoring capability
The multi-slot PDCCH monitoring capability needs to have the balance of two requirements, i.e. the scheduling flexibility for gNB and UE complexity/power consumption reduction for UE. From gNB perspective, the maximum number of BD/CCE per monitoring occasion (MO) in 480 and 960 kHz SCS should be similar to the case of 120 kHz SCS to achieve the similar scheduling flexibility per MO. From UE perspective, multi-slot PDCCH monitoring capability should provide mechanisms to relieve UE monitoring burden and reduce UE power consumption.
To address the above-mentioned requirements, one important design point is to define minimum separation in time between two consecutive spans of MOs. A span, per Rel-16 definition, is a number of consecutive symbols in a slot where the UE is configured to monitor PDCCH. A span starts at a first symbol where a PDCCH MO starts and ends at a last symbol where a PDCCH MO ends. The same definition of span can be used in above 52.6 GHz operation for consistency. 
The minimum separation can be readily achieved by Alt 2 with the restriction that Y contains one single span. Considering the fact that one MO has duration up to 3 symbols if legacy CORESET length is reused in above 52.6GHz operation, the duration of a span can be limited to a few symbols as well. Then X in Alt 2 becomes the minimum time separation between the start of two consecutive spans. In terms of the units for defining X and Y, Y should be defined in unit of symbols to allow UE to restrict its monitoring within a few symbols. On the other hand, X can be defined in unit of slots because the separation is expected to be as large as multiple slots. Examples could be (X=4 slots, Y=3 symbols) for 480kHz, and (X=8 slots, Y=3 symbols) for 960kHz. Alternatively, X may be defined in unit of symbols as well. Since in Alt 2, Y is always counted from the start of X, defining X in symbols provide the flexibility to locate MO in other symbols than the first symbol of a slot. However, it is unclear whether such flexibility is needed for above 52.6GHz operation considering the fact that slot length is very short for high SCSs.
For Alt 1, to ensure the separation between two spans, besides the condition that Y contains one single span, the position of Y should be fixed with respect to X, e.g. at the beginning of the X-slot group. Then Alt 1 becomes similar to Alt 2, with the only difference  that in Alt 1 the locations of the X-slot groups have fixed pattern with respect to SFN but in Alt 2 the locations of the X-slot groups are more flexible. Then the selection between Alt 1 and Alt 2 would depend on whether such flexibility is needed or not. From our point of view, the flexible location of X-slot group is useful to avoid TDD UL slots if semi-static TDD DL/UL slots are supported in above 52.6GHz operation.    
Proposal 1: For defining multi-slot PDCCH monitoring capability, select Alt 2 with X in slots and Y in symbols and Y containing one short span (up to a few symbols).

Further capability definition within Y
If the above discussed restriction that Y contains one single short span is agreed by RAN1, there is no need for further capability definition discussion within Y. On the other hand, some companies seem to prefer to use Y representing the number of consecutive slots that could potentially contain MOs (in both Alt 1 and Alt 2), where the underlined assumption is that some symbols of Y may not belong to any span. As a result, it is to be discussed the further capability definition within Y. From our point of view, the discussion points include the maximum allowed duration of a MO span and maximum number of allowed MO spans. It also should discuss the minimum time separation between two consecutive MO spans to order to avoid local PDCCH processing overloading issue.  
Proposal 2: For both Alt 1 and Alt 2, if more than one short span can be configured within Y, further discuss capability definition within Y in terms of duration of span, number of spans, and minimum separation between two consecutive spans.

Dropping rules for multi-slot capability
In Rel-15/16, gNB is allowed to configure UE with UE-specific search spaces (USS) exceeding the BD/CCE limits that UE is capable of processing, which is referred to as overbooking. When allocating PDCCH candidates for monitoring, the USS with higher set index can be dropped in order to respect the UE capability. The overbooking with dropping rules facilitate gNB to use UE capability to its maximum. Otherwise, the configuration of MOs would be restricted to the worst case, resulting in resource under-utilization for typical cases. 
The existing dropping rules for overbooking are applicable for individual slot or individual span within one slot. In the context of multi-slot monitoring capability, there is a need to extend the dropping rules for overbooking to across-slots or across-spans. In particular, for a X-slot group, gNB is allowed to configure USS in a way that the sum of all configured CSSs and USSs exceed UE multi-slot capability in terms of BD/CCE limits, and/or maximum number of spans, and/or minimum time separation between two spans. This is referred to overbooking for multi-slot capability. When UE and gNB map the PDCCH candidates to monitoring occasions, CSS are mapping first before USS (no overbooking for CSS, as the legacy). USSs are then mapped considering the BD/CCE requirements, the maximum allowed number of spans, and the minimum time separation between the two spans jointly. For example, when USSs are mapped in ascending order of the USS indices, if a USS MO cannot satisfy the minimum time separation from already mapped spans of MOs, the USS will be dropped. The details of enhancement can be further discussed when the multi-slot capability definition as discussed in previous two sections is finalized.
Proposal 3: Dropping rules for overbooking need to be extended to across-slots or across-spans for multi-slot monitoring capability. Details are FFS after multi-slot monitoring capability definition is clear. 
    

Conclusion
In this paper, we have discussed more detailed design for the multi-slot PDCCH monitoring capability. The following proposals are proposed:
Proposal 1: For defining multi-slot PDCCH monitoring capability, select Alt 2 with X in slots and Y in symbols and Y containing one short span (up to a few symbols).
Proposal 2: For both Alt 1 and Alt 2, if more than one short span can be configured within Y, further discuss capability definition within Y in terms of duration of span, number of spans, and minimum separation between two consecutive spans.
Proposal 3: Dropping rules for overbooking need to be extended to across-slots or across-spans for multi-slot monitoring capability. Details are FFS after multi-slot monitoring capability definition is clear. 
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