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Introduction
In RAN1#104-e meeting, 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 which has been down-selected.
	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. 
 



Then, in RAN1 #106-e meeting, the following agreements were made for PDCCH monitoring enhancements. We discuss remaining details of PDCCH monitoring capability.
	Agreement:
For reporting the multi-slot PDCCH monitoring capability, at least the following values are supported:
· X=4 slots for SCS 480 kHz
· X=8 slots for SCS 960 kHz

Agreement:
Revise prior agreement including modifications to Alt. 1 as follows:
· 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 slots in each slot group
· The location of the Y slots within the X slots is maintained across different slot groups
· Further discuss down-selection of Y within 1<=Y<=X/2 (both in units of slot) when X>1
· FFS: Further definition of capabilities
· FFS: The following issues for the search space configuration discussion
· Whether a slot group is aligned with a slot boundary
· Restrictions on location of the Y slots within a slot group, e.g. whether to restrict the location of a SS to be within the first Y slots within a slot group
· FFS: What the UE capability defines for monitoring within the Y slots




Multi-slot PDCCH monitoring capability
Since multi-slot monitoring is considered to be an extension of single-slot monitoring, Alt.1, which is aligned with a slot boundary, can simplify the enhancement of SearchSpace and reduce the standardization effort. 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, 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 which is aligned with a slot boundary, which has less standardization effort.
Proposal 1: We support the fixed pattern of slot groups, which is aligned with a slot boundary.
Since there does not seem to be a common understanding, we should first clarify the definition of Y. Y is the maximum number of consecutive slots that the UE monitors per slot-group consisting of X slots. After monitoring Y slots in one slot-group, the UE does not monitor during the X-Y slots until Y slots in the next slot group. For resolving the back-to-back problem, it is proposed in previous discussion that Y should be less than X/2 and always start at beginnin of slot gloup. However, to avoid back-to-back problem, we only need to set a gap larger than X/2 between Y slots on the consecutive two slot-groups. This gap is secured by maintaining the location of Y slots within X slots across different slot groups, and floating Y slots implove the flexibility of MO distribution. 
Proposal 2: Y is the number of consecutive slots that the UE monitors PDCCH per slot-group consisting of X slots.
Proposal 3: Y slots should be floating, and the location within the X slots is maintained across different slot groups.
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Figure 1: Example of fixed pattarn of slot-group with floating Y slot.
At the last meeting, X=4/8 slots were agreed upon as the minimum capability for 480kHz/960kHz SCS, in order to ensure the same processing performance on a time basis as single-slot monitoring at 120 kHz. On the other hand, some companies are of the opinion that smaller values of X should also be supported. However, X=4/8 allows for PDCCH monitoring at sufficiently short intervals, and the benefits of more frequent monitoring are currently not clear. Hence, a value of X smaller than X=4/8 should not be mandatory. If set as an optional capability, the BD/CCE budget should be considered.
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. If Y is too small, the flexibility of MO placement will be reduced, and if Y is too large, the microsleep opportunity may be lost. Therefore, Y should be set to 1, taking into account the impact on the specifications.
Proposal 4: Values of X smaller than X=4/8 should not be mandatory. If values less than X=4/8 set as an optional capability, the BD/CCE budget should be considered.
Proposal 5: The following values should be used as basic settings. 
· for 480 kHz SCS : X = 4, Y = 1
· for 960 kHz SCS : X = 8, Y = 1

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 X=4/8 at 480kHz/960kHz SCS. If a smaller X value is set as an optional capability, the BD/CCE budget will be reduced because the gap between Y slots becomes shorter. 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 6: For X=4/8 at 480kHz/960kHz SCS, the BD/CCE budget should be set to (M, C) = (20, 32). 
Observation 1: If a smaller X value is set as an optional capability, the BD/CCE budget will be reduced.
Observation 2: Ensuring the budget may affect the processing time of PDSCH/PUSCH (N1/N2).

Search Space Enhancement
The search space for single-slot monitoring of 15~120 kHz SCS is specified by the parameter "monitoringSlotPeriodicityAndOffset", "duration" and "monitoringSymbolsWithinSlot". However, since multi-slot monitoring at 480 kHz and 960 kHz basically monitors every multiple of X slots, such as 4 or 8, there are many periods that cannot be specified by the value of these parameters. Therefore, it is necessary to create an alternative parameter or revise parameter which matches the multi-slot monitoring.
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Figure 2: SearchSpace parameters that need to be rebuilt or revised.
Proposal 7: Search Space should be modified to match multi-slot monitoring
In AI 8.2.1, it was agreed to support Type0-PDCCH CSS of 480 kHz and 960 kHz SCS 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 would not be available since SSBs of 480 kHz and 960 kHz SCS are discussed to be transmitted on a slot-by-slot basis.
Observation 3: Type0-PDCCH CSS should be redesigned.

SSSG (Search Space Set Group) switching enhancements
SSSG switching was originally introduced for Rel-16 NR-U. The motivation was to enable dynamic switching between frequent PDCCH monitoring (e.g., out of COT) and infrequent PDCCH monitoring (e.g., within COT) that may consume less UE power. The benefit of reducing power consumption by dynamic SSSG switching is even significant for higher SCSs of 480 kHz and 960 kHz where slots are shorter, in addition to the original motivation for NR-U. Therefore, SSSG switching should also be used for 480kHz/960kHz SCS. 
In FR2-2 operation, since the PDCCH monitoring capability is on a multi-slot basis at 480 kHz/960 kHz SCS, the processing load may locally exceed the capability of the UE during SSSG switching. In other words, there is a potential back-to-back problem when performing SSSG switching with multi-slot monitoring.
Proposal 8: We support SSSG switching with enhancements for 120kHz/480kHz/960kHz SCS. 
Observation 4: Potential back-to-back problem during SSSG switching in multi-slot monitoring should be investigated.
Conclusion
In this contribution, we have the following proposals and observation:
Proposal 1: We support the fixed pattern of slot groups, which is aligned with a slot boundary.
Proposal 2: Y is the number of consecutive slots that the UE monitors PDCCH per slot-group consisting of X slots.
Proposal 3: Y slots should be floating, and the location within the X slots is maintained across different slot groups.
Proposal 4: Values of X smaller than X=4/8 should not be mandatory. If values less than X=4/8 set as an optional capability, the BD/CCE budget should be considered.
Proposal 5: The following values should be used as basic settings. 
· for 480 kHz SCS : X = 4, Y = 1
· for 960 kHz SCS : X = 8, Y = 1
Proposal 6: For X=4/8 at 480kHz/960kHz SCS, the BD/CCE budget should be set to (M, C) = (20, 32).
Proposal 7: SearchSpace should be modified to match multi-slot monitoring.
Proposal 8: We support SSSG switching for 120kHz/480kHz/960kHz SCS. 
Observation 1: If a smaller X value is set as an optional capability, the BD/CCE budget will be reduced.
Observation 2: Ensuring the budget may affect the processing time of PDSCH/PUSCH (N1/N2).
Observation 3: Type0-PDCCH CSS should be redesigned.
Observation 4: SSSG switching in multi-slot monitoring should consider the back-to-back problem.
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monitoringSlotPeriodicityAndOffset CHOICE {.

s11 NULL, «
512 INTEGER (0..1),.
s14 INTEGER (0..3),.
515 INTEGER (0..4),.
518 INTEGER (0..7),«
5110 INTEGER (0..9),.
5116 INTEGER (0..15),
5120 INTEGER (0..19),
5140 INTEGER (0..39),.
5180 INTEGER (0..79),
51160 INTEGER (0..159),.
51320 INTEGER (0..319),.
51640 INTEGER (0..639),.
511280 INTEGER (0..1279),.
512560 INTEGER (0..2559).

}

duration INTEGER (2..2559)

monitoringSymbolsWithinSlot BIT STRING (SIZE (14))




