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Introduction
In RAN1#106bis-e meeting, the following agreements were made for PDCCH monitoring enhancements. 
	Agreement:
· Multi-slot PDCCH monitoring is based on slots within a slot group
· Each slot group consists of X consecutive slots
· Slot groups are consecutive and non-overlapping
· The start of the first slot group in a subframe is aligned with the subframe boundary
· The start of each slot group is aligned with a slot boundary
· Reporting the BD/CCE budget for X=4/8 slots (for 480/960 kHz resp.) is mandatory (if UE supports the corresponding SCS), and is optional for X=[2]/4 slots (for 480/960 kHz resp.)
· There is a common BD budget for all search spaces
· FFS: Search space configuration
· For Group (1) SS
· A SS is configured to be within YGroup1 consecutive slots within a slot group of X slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is based on a time offset within the slot group based on slot index n0 determined for Group (2) monitoring such that the YGroup1 slots overlap the YGroup2 slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· BD attempts for all Group (1) SSs are restricted to fall within the same YGroup1 consecutive slots
· For Group (2) SS
· A SS is configured to be within YGroup2 consecutive slots within a slot group of X slots
· The location of the YGroup2 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· The reported capability indicates the BD/CCE budget within Y=max(YGroup1, 2) slots per slot group
· Support the following values of YGroup1 and YGroup2
· For X=8: (YGroup1,YGroup2) = (4,2), (2,2), (1,[1 or 2])
· For X=4: (YGroup1,YGroup2) = (2,2), (1,[1 or 2])
· For X=2: (YGroup1,YGroup2) = (1,[1 or 2])
· Group (1) SS: Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS
· Group (2) SS: Type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS




Then, the following options for Search space configuration are suggested by FL and some companies. We discuss remaining details of PDCCH monitoring capability.
	· Option A-rev1
· A SS can be configured to be within Y consecutive slots within a slot group of X slots; the Y consecutive slots can be located anywhere within the slot group of X slots
· The location of the Y consecutive slots within the slot group of X slots is maintained across different slot groups
· BD attempts for all SS sets (Group (1) SS and Group (2) SS) are restricted to fall within the same Y consecutive slots
· FFS: Where BD attempts for Group (2) SS occur, e.g.
· Enhancement 1: Changing the default CSS configuration, such that the interval between neighbouring PDCCH monitoring locations is X slots instead of 1 slot [FL Note: Seems only necessary if the UE only supports Y=1]
· Enhancement 2: Introducing an offset n, applicable to both Group 1 and Group 2 SS
· To be decided in RAN1#106bis-e or RAN1#107-e
· Supported values of Y
· Option 1: Y=1 slot and optionally as well Y=X/2 consecutive slots
· Option 2: both Y=1 slot and Y=X/2 consecutive slots
· Option 3: both Y=1 slot and Y=X/2 consecutive slots are supported, FFS a default Y or which Y is mandatory/optional 
· Which OFDM symbols can be configured for monitoring within the Y slot(s) (i.e., SS parameter monitoringSymbolsWithinSlot)
· Option A-rev2
· A SS can be configured to be within Y consecutive slots within a slot group of X slots; the Y consecutive slots can be located anywhere within the slot group of X slots
· The location of the Y consecutive slots within the slot group of X slots is maintained across different slot groups
· BD attempts for all of SS sets (Group (1) SS and at least one slot of Group (2) SS) are restricted to fall within the same Y consecutive slots
· For Y = 1, BD attempts for Group (2) are additionally allowed in one slot adjacent to Y slots
· FFS: Details of the following enhancement Where BD attempts for Group (2) SS occur, e.g.
· Enhancement 1: Changing the default CSS configuration, such that the interval between neighbouring PDCCH monitoring locations is X slots instead of 1 slot [FL Note: Seems only necessary if the UE only supports Y=1]
· Enhancement 2: Introducing an offset n within a slot group, applicable to both Group 1 and Group 2 SS
· To be decided in  RAN1#106bis-e or RAN1#107-e
· Supported values of Y
· Option 1: Y=1 slot and optionally as well Y=X/2 consecutive slots
· Option 2: both Y=1 slot and Y=X/2 consecutive slots
· Option 3: both Y=1 slot and Y=X/2 consecutive slots are supported, FFS a default Y or which Y is mandatory/optional 
· Which OFDM symbols can be configured for monitoring within the Y slot(s) (i.e., SS parameter monitoringSymbolsWithinSlot)

· Option A-FL1
· For Group (1) SS
· A SS is configured to be within YGroup1 consecutive slots within a slot group of X slots
· FFS: Details of RRC configuration of Group (1) SSs (periodicity, offset, duration), e.g., based on X-slot granularity
· The location of the YGroup1 consecutive slots within a slot group of X slots is based on a time offset within the slot group based on slot index n0 determined for Group (2) monitoring such that the YGroup1 slots overlap the YGroup2 slots
· FFS: Details of UE procedure for time offset determination, e.g., MAC-CE activation of a new TCI state associated with Group (2) SSs
· The location of the YGroup1 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· BD attempts for all Group (1) SSs are restricted to fall within the same YGroup1 consecutive slots
· For Group (2) SS
· A SS is configured to be within YGroup2 consecutive slots within a slot group of X slots
· The location of the YGroup2 =2 consecutive slots within a slot group of X slots, i.e. slots n0 and n0+1 as per Rel-15
· The location of the YGroup2 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· The reported capability indicates the BD/CCE budget within max(2, YGroup1) slots per slot group
· To be decided in in RAN1#106bis-e or RAN1#107-e
· Supported values of YGroup1
· Option 1: YGroup1=1 slot and optionally as well YGroup1=X/2 consecutive slots
· Option 2: both YGroup1=1 slot and YGroup1=X/2 consecutive slots
· Option 3: both YGroup1=1 slot and YGroup1=X/2 consecutive slots are supported, FFS a default YGroup1 or which YGroup1 is mandatory/optional 
· Which OFDM symbols can be configured for monitoring within the YGroup1/YGroup2 slot(s) (i.e., SS parameter monitoringSymbolsWithinSlot)
· SS dropping in case n0 changes (to avoid back-to-back monitoring exceeding the capability)

· Option B-rev1
· The reported capability indicates the BD/CCE budget within X slots
· For Group (1) SS
· A SS can be configured to be within Y consecutive slots within a slot group of X slots
· The location of the Y consecutive slots can be anywhere within a slot group of X slots
· FFS: Details of RRC configuration of Group (1) SSs (periodicity, offset, duration), e.g., based on X-slot granularity, and configured time offset within a slot group of X slots
· The location of the Y consecutive slots within a slot group of X slots is maintained across different slot groups
· BD attempts for all Group (1) SSs are restricted to fall within the same Y consecutive slots
· For Group (2) SS
· A SS can be configured as per Rel-15, and monitoring locations with respect to slot groups are unrestricted
· BD attempts for Group (2) SSs occur in slots with index n0 and n0 + 1 as per Rel-15
· To be decided in in RAN1#106bis-e or RAN1#107-e
· Supported values of Y
· Option 1: Y=1 slot and optionally as well Y=X/2 consecutive slots
· Option 2: both Y=1 slot and Y=X/2 consecutive slots
· Option 3: both Y=1 slot and Y=X/2 consecutive slots are supported, FFS a default Y or which Y is mandatory/optional 
· Which OFDM symbols can be configured for monitoring within the Y slot(s) (i.e., SS parameter monitoringSymbolsWithinSlot)
· FFS: How to avoid back-to-back BD across slot groups




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 was proposed in previous discussion that Y should be less than X/2 and always start at beginning of slot group. 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 improve 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.
At the 106-e 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 configuration
At the last meeting, several options were proposed for monitoring of Group (1) and Group (2) SS (Group (1) SS: Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS. Group (2) SS: Type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS). Each Option has its own advantages and disadvantages, but considering the time spent on the Back-to-Back problem, it is important to avoid this problem. Also, since the time left for discussion is limited, it is necessary to adopt the option that has the less impact on the specification. 
The biggest problem with monitoring for Group(1) and Group(2) SS is that Type0 CSS is required to monitor two consecutive slots, n0 and n0+1. Option B-rev1 assumes monitoring of Group(2) SS outside the Y-slot, but there is a possibility that a back-to-back problem will occur with a period of about 20ms. Therefore, we propose to reduce the probability of the back-to-back problem by setting the UE not to monitor the Type 0 CSS in the CONNECTED state. For these reasons, Option B-rev1 with modifications to the Group(2) SS monitoring should be supported.
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Figure 1: Back-to-back problem with Type0 CSS monitoring in CONNECTED mode.
Proposal 7: Option B-rev1 should be supported. On top of that, a potential solution to avoid back-to-back problem is that UE does not monitor Type 0 CSS when in CONNECTED mode.

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 8: Search Space should be modified to match multi-slot monitoring

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 9: We support SSSG switching with enhancements for 120kHz/480kHz/960kHz SCS. 
Observation 3: 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: Option B-rev1 should be supported. However, when in CONNECTED state, UE should not monitor Type 0 CSS.
Proposal 8: SearchSpace should be modified to match multi-slot monitoring.
Proposal 9: 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: SSSG switching in multi-slot monitoring should consider the back-to-back problem.
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