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Introduction
In RAN1#104bis-e meeting, the following agreements were made for PDCCH monitoring enhancements. We discuss remaining details of PDCCH monitoring capability.
	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

[bookmark: _Hlk69545768]Conclusion:
For 120 kHz SCS, no multi-slot UE capability for PDCCH monitoring is needed.

Agreement:
For 120 kHz SCS in 52.6-71 GHz, the BD/CCE budget is the same as that for 120 kHz in FR2.




Multi-slot PDCCH monitoring capability
In FL summary [2], the following suggestion has been drafted to continue discussion for Multi-slot PDCCH monitoring capability by the FL. The FL proposed refined Alt.1 and Alt.2.
	FL suggestion after 2nd round of comments: 
Refine the previous agreement as follows:
Choose one of the two 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
· Exact value(s) of Y are to be decided within X/2 <= 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] 
· Exact value(s) of Y are to be decided within X/2 <= Y < X
· FFS: X and Y units (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. 




Since multi-slot monitoring is considered to be an extension of single-slot monitoring, Alt.1 can simplify the enhancement of SearchSpace and reduce the impact on the specification by using a slot as the unit. On the other hand, several companies have pointed out that Alt.2 is more flexible than Alt.1 because the span interval can be freely determined. However, the necessity of flexibility by monitoring based on the (X, Y) span in Alt.2 has not been shown, and Alt.1 also allows flexible MO distribution by considering search space configuration for 480 kHz and 960 kHz SCS with short slot. In addition, Alt.2 requires a discussion on the rules that determine the BD/CCE limits for aligned and non-aligned spans between CCs. We don't know if the rules in Rel-16 are applicable to Alt.2, and defining new rules will take multiple meetings. Therefore, we support Alt1 where the unit is a slot, which has less impact on the specification.
Proposal 1: We support the fixed pattern of slot groups where the unit is a slot.
For multi-slot monitoring, one X-slot group with a heavy PDCCH processing load at the end of the group may be followed by another X-slot group with a high PDCCH processing load at the beginning. Each X-slot group complies individually with the PDCCH processing capacity of the UE, but the capacity limit is locally exceeded at the boundary between the two groups. As discussed in the #104b e-meeting, such back-to-back problems need to be considered when determining the multi-slot monitoring span. In order to resolve the problem and consider monitoring CSS, Y should be less than X/2 starting at beginning of slot group and at least 3 symbols. Then, multiple slots for Y can increase the flexibility of MO distribution and one slot for Y is useful in terms of power efficiency by providing opportunities for microsleeps. Therefore, Y should be less than X/2 and always start at beginning of slot group as a limitation. 
Proposal 2: Y should be less than X/2 and always start at beginning of slot group.
As several companies have pointed out, multi-slot monitoring should correspond to the same processing performance on a time basis as single-slot monitoring at 120 kHz. Therefore, the value of X can be 4 slots for 480 kHz SCS, and 8 slots for 960 kHz SCS. Since the value of Y is equal to or less than X/2, corresponding to the UE capability to consider resolving the back-to-back problem, we can consider Y=1 as the simplest Y while ensuring flexibility in MO distribution. Whether to support values greater than 1 remains to be studied.
Proposal 3: The following values should be used as basic settings. The value of Y greater than 1 deserves further study.
・for 480 kHz SCS : X = 4, at least Y = 1
・for 960 kHz SCS : X = 8, at least Y = 1
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Figure 1: Proposed monitoring spans for 120 kHz, 480 kHz and 960 kHz SCS
In AI 8.2.1, it was agreed to support Type0-PDCCH CSS of 480 kHz and 960 kHz SCS for ANR. Further proposed for initial access in addition to 120 kHz SCS in the frequency band above 52.6 GHz. For Type0-PDCCH CSS with SSB-CORESET multiplexing pattern 1, a UE needs to monitor two consecutive slots (n0 and n0+1 slots) in the current specification. Since the proposed multi-slot monitoring cannot support monitoring of two consecutive slots, the Type0-PDCCH CSS should be redesigned. For example, the slot indices for monitoring the Type0-PDCCH CSS could be n0 and n0+X instead of n0 and n0+1. However, SSBs transmitted between n0 and n0+X slots will not be available since SSBs of 480 kHz and 960 kHz SCS are discussed to be transmitted on a slot-by-slot basis.
Observation 1: If 480 kHz and 960 kHz SCS would be used for initial access, Type0-PDCCH CSS should be redesigned.
Observation 2: When monitoring Type0-PDCCH CSS in two slots across a slot group, the number of available SSBs may be reduced.
For 120 kHz SCS, the BD/CCE budget is set to (M, C) = (20, 32). Since the value of X is determined to maintain the same monitoring Capability as 120 kHz SCS, the BD/CCE budget should be (M, C) = (20, 32) for 480 kHz and 960 kHz SCS. The first three symbols are set as the minimum requirement for CSS monitoring at 480 kHz and 960 kHz SCS, because the maximum duration of CORESET follows 3. Even though the symbol length is shorter than 120 kHz, ensuring the same budget may affect the processing time of PDSCH/PUSCH (N1/N2). 
Proposal 4: For 480 kHz and 960 kHz SCS, the BD/CCE budget is set to (M, C) = (20, 32). 
Observation 3: Ensuring the budget may affect the processing time of PDSCH/PUSCH (N1/N2).

Conclusion
In this contribution, we have the following proposals and observation:
Proposal 1: We support the fixed pattern of slot groups where the unit is a slot.
Proposal 2: Y should be less than X/2 and always start at beginning of slot group.
Proposal 3: The following values should be used as basic settings. The value of Y greater than 1 deserves further study. 
・for 480 kHz SCS : X = 4, at least Y = 1
・for 960 kHz SCS : X = 8, at least Y = 1
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Figure 1: Proposed monitoring spans for 120 kHz, 480 kHz and 960 kHz SCS
Proposal 4: For 480 kHz and 960 kHz SCS, the BD/CCE budget is set to (M, C) = (20, 32). 
Observation 1: If 480 kHz and 960 kHz SCS would be used for initial access, Type0-PDCCH CSS should be redesigned.
Observation 2: When monitoring Type0-PDCCH CSS in two slots across a slot group, number of available SSBs may be reduced.
Observation 3: Ensuring the budget may affect the processing time of PDSCH/PUSCH (N1/N2).
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