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1. Introduction
The following objective is included in the agreed work item [1]:
· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
In this contribution, PDCCH monitoring capability and BD/CCE budget are discussed.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref521492551]PDCCH monitoring capability
[bookmark: _Ref61344139]Background in existing NR Rel15&16 operation
In NR operation [2], for a DL BWP with any numerology, UE is expected to be mandatory to monitor PDCCH in every slot where the PDCCH monitoring occasions satisfy the following conditions:
· The duration of coreset associated with the PDCCH monitoring occasions is 1-3 symbols;
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and USS, the monitoring occasion is within the first 3 OFDM symbols of a slot;
· For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions within a single span of three consecutive OFDM symbols within a slot.
[bookmark: _Hlk74648052]For NR Rel-15 capability [3], UE is optionally to indicate the following capability to gNB which is more flexible than the above mandatory one:
· pdcch-MonitoringAnyOccasions: indicate to gNB that PDCCH monitoring occasions could be located in any symbol in the slot for type 1 CSS with dedicated RRC configuration, type 3 CSS, and USS:
· withDCI-gap indicates there should be minimum time separation between two consecutive transmissions of PDCCH scrambled with C-RNTI or CS-RNTI
· withoutDCI-gap indicates no minimum time separation limit
· pdcch-MonitoringAnyOccasionsWithSpanGap: indicate to gNB that PDCCH monitoring occasions could be located in any symbol in the slot by meeting the following condition:
· The span pattern arrangement should satisfy at least one (X, Y) in the UE reported candidate value set, which is determined according to search space configuration and reporting (X, Y) as described below
· In order to determine a suitable span pattern, first a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of any slot is part of a monitoring occasion, b(l)=0 otherwise. The first span in the span pattern begins at the smallest l for which b(l)=1. The next span in the span pattern begins at the smallest l not included in the previous span(s) for which b(l)=1. The span duration is max {maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration.
For NR Rel-16 capability [4], UE is optionally to indicate the following capability to gNB:
·  pdcch-Monitoring-r16: indicate to gNB that whether the UE supports PDCCH search space monitoring occasions in any symbol of the slot with minimum time separation between two consecutive transmissions of PDCCH with span up to two OFDM symbols for two OFDM symbols or span up to three OFDM symbols for four and seven OFDM symbols. The different value can be reported for PDSCH processing type 1 and PDSCH processing type 2, respectively.
· pdcch-MonitoringMixed-r16: indicate to gNB that UE supports Rel-15 monitoring capability and pdcch-Monitoring-r16 on different serving cells.
It is clearly observed that span patterns are defined for both NR Rel-15 and Rel-16 capability. Their difference lies in the following two aspects:
· Span pattern determination: the span pattern in Rel-15 is repeated in every slot while it may be different in every slot for Rel-16. One example is given below for better understanding:
[image: ]
Figure 1  Example for NR Rel-15 and Rel-16 span pattern
· BD/CCE budget calculation: For maximum number of PDCCH candidates and non-overlapping CCEs, it is calculated per slot for Rel-15 capability and per span for Rel-16 capability.
It is clearly that two types of PDCCH monitoring capability exist in NR Rel-16, i.e. slot-level or span-level capability. UE is required to be able to monitor PDCCH in every slot for either of the above capabilities.
[bookmark: _Ref61430367][bookmark: _Ref78826241]Multi-slot-based capability definition
In RAN#90e [1], it is agreed that (120, 480, 960) KHz SCS are all supported for data/control. When PDCCH is configured in one DL BWP with 480/960KHz SCS, UE needs to monitor PDCCH every slot (i.e. ~15/30 us) if following the mandatory capability defined in existing NR operation as described in Section 2.1.1. This is quite challenging for UE implementation especially in such high frequency band. So, the mandatory capability on PDCCH monitoring in NR FR1&FR2 should be relaxed for NR operation from 52.6-71GHz, e.g. UE only needs to monitor in certain slot group instead of each slot within one subframe.
To support multi-slot-based granularity, the most important issue is to define the multi-slot span that PDCCH monitoring capability is based on, i.e. the allowed slot(s) that UE could monitor. 
So far, the following agreement is made in previous meetings:
Agreement in RAN1#104bis-e [5]
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
Agreement in RAN1#106-e [6]
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 separately
· 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: Restrictions on location of the Y slots within a slot group, e.g. the Y slots always start at the first slot within a slot group
· 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
Agreement in RAN1#106bis-e [7]
· 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
In RAN1#106bis-e, it is agreed in high level that multi-slot PDCCH monitoring is based on slots within a slot group. However, there is no consensus on how to apply the capability to different group of SSs. The controversial point comes from monitoring behavior of Type 0 search space for multiplexing pattern 1, i.e. UE is required to monitor two consecutive slots starting from slot [image: ]. To handle this problem, at least the following options are mentioned in the discussions among companies:
· Option 1: All SSs are restricted in Y consecutive slots within each X-slot group 
· Option 1a: Y=2 is mandatory capability and follow legacy Type 0 PDCCH monitoring as in NR Rel-15/16
· Option 1b: Y=1 is mandatory capability and Type 0 PDCCH monitoring is changed to slot [image: ] from slot ([image: ], [image: ]+1) as in NR Rel-15/16
· Option 1c: Y=1 is mandatory capability and Type 0 PDCCH monitoring is changed to slot ([image: ], [image: ]+X) from slot ([image: ], [image: ]+1) as in NR Rel-15/16 where [image: ] is mapped to SSBs in step of X slots
· Option 2: Group (1) SSs are restricted in YGroup1 consecutive slot and Group (2) SSs are restricted in YGroup2 consecutive slot within each X-slot group where YGroup1 slots overlap with YGroup2 slots
· Option 2a: YGroup2= 2 is mandatory capability and follow legacy Type 0 PDCCH monitoring as in NR Rel-15/16
· Option 2b: YGroup2=1 is mandatory capability and Option 1b: Y=1 is mandatory capability and Type 0 PDCCH monitoring is changed to slot [image: ] from slot ([image: ], [image: ]+1) as in NR Rel-15/16
· Option 2c: YGroup2=X and follow legacy Type 0 PDCCH monitoring as in NR Rel-15/16
For Option 1a, mandatory support of Y=2 for all SSs means mandatory support of back-to-back-slot based PDCCH monitoring, which may consume larger buffer with more complexity in UE implementation even for low-class UEs.
For Option 1c, there is quite large change on the Type 0 PDCCH monitoring framework, which is not preferred by us. Besides, there is no possibility to place SSB and SIB1 scheduled by Type 0 PDCCH in the same slot, which is beneficial for unlicensed operation.
For Option 2c, mandatory support of YGroup2= X for Group (2) SS means slot-based monitoring capability. Since Group (2) SSs are monitored for RRC connected UEs if C-RNTI provided, it means UE would implement slot-based monitoring capability anyway. Therefore, the benefit of multi-slot PDCCH monitoring is lost.
For Option 1b and Option 2b, small change of Type 0 PDCCH monitoring could enable Y=1 support as a basic mandatory capability, which is beneficial to have simple UE implementation. Therefore, Option 1b and Option 2b are the first preference by us.
For Option 2a, it is a compromise solution between Option 1b/2b and Option 2c, which only requires Group (2) SSs to support 2 slot monitoring within a X-slot-group. Therefore, Option 2a is our second preference.
[bookmark: _Ref86676032][bookmark: _Ref86678118]Proposal 1: Consider the following options for further design of multi-slot PDCCH monitoring capability:
· Option 1: All SSs are restricted in Y consecutive slots within each X-slot group
· Option 1b (1st preference): Y=1 is mandatory capability and Type 0 PDCCH monitoring is changed to slot [image: ] from slot ([image: ], [image: ]+1) as in NR Rel-15/16
· Option 2: Group (1) SSs are restricted in YGroup1 consecutive slot and Group (2) SSs are restricted in YGroup2 consecutive slot within each X-slot group where YGroup1 slots overlap with YGroup2 slots
· Option 2a (2nd preference): YGroup2= 2 is mandatory capability and follow legacy Type 0 PDCCH monitoring as in NR Rel-15/16
· Option 2b (1st preference): YGroup2=1 is mandatory capability and Option 1b: Y=1 is mandatory capability and Type 0 PDCCH monitoring is changed to slot [image: ] from slot ([image: ], [image: ]+1) as in NR Rel-15/16
Regarding the solutions in Proposal 1, they imply that the location of Y/ YGroup1/ YGroup2 slots within a X-slot-group depends on the slot for Type 0 PDCCH monitoring (i.e. slot [image: ]). When [image: ] changes due to certain procedures (e.g. BFR), the location of Y/ YGroup1/ YGroup2 slots will be changed accordingly. To meet the capability requirement, Group (1) SSs will be updated via RRC reconfiguration or automatic change aligned with [image: ] change.
[bookmark: _Ref86678139]Proposal 2: Location of Y slots within a X-slot-group depends on starting slot of Type 0 PDCCH monitoring slot (i.e. slot [image: ]) and consider automatic update of SS configuration when [image: ] changes.
[bookmark: _Ref78893896]Mixed capability in multi-cell scenario
For NR Rel-16 UEs, there exists two types of PDCCH monitoring capability (i.e. slot-based and span-based) if it reports pdcch-Monitoring-r16. In this case, gNB may configure the capability type for a serving cell. If not configured, Rel-15 slot-based capability if the default one to be used. Then the following two types of serving cell may exist for one UE:
· Cell Type 1 (FR1/FR2): Serving cell with slot-based PDCCH monitoring capability;
· Cell Type 2 (FR1 only): Serving cell with span-based PDCCH monitoring capability.
Thus, the following cases may occur for one UE:
· Case 1: All serving cells belongs to cell type 1;
· Case 2: All serving cells belongs to cell type 2;
· Case 3: At least one serving cell belongs to cell type 1 and at least one serving cell belongs to cell type 2.
In general, the following table summarizes the relation of UE reporting capability and allowed gNB configuration cases:
	UE type
	Reporting capability
	Allowed Operation

	Rel-16 UEs
	-
	Case 1 only

	Rel-16 UEs
	pdcch-Monitoring-r16
	Case 1/Case 2

	Rel-16 UEs
	pdcch-Monitoring-r16
pdcch-MonitoringMixed-r16
	Case 1/Case 2/Case 3


Besides, NR Rel-16 UEs will report capability related parameters (e.g. ) for each case respectively. 
If multi-slot-based capability is introduced for NR Rel-17 UEs, how to configure or determine the capability type needs to be considered. As long as multi-slot-based capability is the mandatory one for BWP with 480K/960K SCS according to configuration of 480K/960K SCS for a BWP implies multi-slot-based capability for that BWP, which means PDCCH monitoring capability should be defined per BWP.
[bookmark: _Ref78903389]Proposal 3: For NR Rel-17 UEs, PDCCH monitoring capability is defined per BWP and configuration of 480K/960K SCS for a BWP implies multi-slot-based capability for that BWP.
After defining the PDCCH monitoring capability per BWP, the capability for one serving cell should also be determined for calculation of BD/CCE budget in multiple serving cell case. The straight forward way is to adopt the PDCCH monitoring capability for active BWP or configured first active BWP as the capability of the serving cell. 
[bookmark: _Ref78903394]Proposal 4: PDCCH monitoring capability for a serving cell is the capability for its active BWP or configured first active BWP when it is deactivated.
Compared to NR Rel-16, one additional cell type occurs:
· Cell Type 3 (FR2-2 only): Serving cell with multi-slot-based PDCCH monitoring capability.
In addition to the operation cases in NR Rel-16, there may be more cases as listed below:
· Case 4: All serving cells belongs to cell type 3;
· Case 5: At least one serving cell belongs to cell type 1 and at least one serving cell belongs to cell type 3;
· Case 6: At least one serving cell belongs to cell type 2 and at least one serving cell belongs to cell type 3;
· Case 7: At least one serving cell belongs to cell type 1, at least one serving cell belongs to cell type 2 and at least one serving cell belongs to cell type 3.
Observation 1: More additional cases are brought by introduction of multi-slot-based PDCCH monitoring capability.
BD/CCE budget and overbooking
[bookmark: _Ref61278759][bookmark: PP12]Background in existing NR operation
In NR operation, BD/CCE budget is defined to limit the complexity on PDCCH monitoring from UE side, i.e. UE is expected to monitor PDCCH candidates that satisfies certain conditions per slot. Here BD budget refers to the maximum number of PDCCH candidates and CCE budget refers to non-overlapped CCEs. The conditions are developed for single cell operation and multi-cell operation respectively.
BD/CCE budget in single cell operation scenario
For single cell operation with slot-based capability, the BD and CCE budget value are given in Table 1 and Table 2 [8] respectively. It is clearly observed that the budgets are defined in granularity of slot level in time domain. In this case, UE is not expected to monitor more than  PDCCH candidates with more than  non-overlapped CCEs per slot in the single serving cell.
[bookmark: _Ref61270632]Table 1: Maximum number  of monitored PDCCH candidates per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20


[bookmark: _Ref61270646]Table 2:  Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32


For single cell operation with span-based capability, the BD and CCE budget value are given in Table 3, i.e. the value depends different (X, Y). 
[bookmark: _Ref78884160]Table 3:  Maximum number  of monitored PDCCH candidates in a span for combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of monitored PDCCH candidates per span for combination  and per serving cell 

	
	(2, 2)
	(4, 3)
	(7, 3)

	0
	14
	28
	44

	1
	12
	24
	36


BD/CCE budget in multi-cell operation scenario
For Case 1 defined in 2.1.3, the BD/CCE budget limit is defined below:


When the total number of cells is less than or equal to , the UE is not required to monitor, on the active DL BWP of the scheduling cell, more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell.  Here  and  are provided in Table 1 and Table 2 respectively for single cell operation.
When the total number of cells is larger than , there are two different kind of limits: 


1) Total limit of each scheduling cell group with SCS µ, i.e. the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells; 



2) Respective limit of the scheduling cell for each scheduled cell, i.e. the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per slot.
For Case 2 defined in 2.1.4, the BD/CCE budget limit is defined as similar way as that for Case 1 by replacing with span-based limit. Note that  for this case is different with that for Case 1.
For Case 3 defined in 2.1.4 with mixed capability, the serving cells with the same capability are grouped together. For each group of serving cells, the same BD/CCE budget limit is defined as that for Case 1 or Case 2 depending on the capability type of the cell group. Note that there are two  values for different group with different capability type respectively that are different with that for Case 1 and Case 2.
PDCCH overbooking
In NR Rel-15&16, it is allowed to have PDCCH overbooking for scheduling Pcell. Since BD/CCE budget is defined per slot, PDCCH candidates are allocated slot by slot from search space set with lower ID to that with higher ID until it reaches the BD/CCE budget per slot.
BD/CCE budget value for multi-slot-based capability
For Alt. 1/Alt. 3 in Section 2.1.2, the BD/CCE budget is defined per fixed or sliding slot group, i.e. PDCCH candidates and non-overlapped CCEs among the Y slots within the slot group should be less than  .
For Alt. 2 in Section 2.1.2, the BD/CCE budget is defined per Y-slot/symbol span, i.e. PDCCH candidates and non-overlapped CCEs among the Y slots within the slot group should be less than  .
The following alternatives are the candidate method to determine the value of  :
· Alt. 1: =X*,  X*, where per slot limit  and  should be defined first;
· Alt. 2: Use the value in 120K as the reference, = and =
· Alt. 3: Determine each value for supported (X, Y) using the following table:
	
	Maximum number  of non-overlapped CCEs per slot group for combination  and per serving cell 

	
	(4, 1)
	(4, 2)
	(8, 1)
	(8, 2)
	(8, 4)

	5
	
	
	
	
	

	6
	
	
	
	
	



Among the above alternatives, Alt. 3 is a similar way with that for span-based capability, which clearly provides the BD/CCE budget value as well as supported (X, Y) value.
[bookmark: _Ref78903416]Proposal 5: For NR Rel-17 UEs, supported (X, Y) value should be determined first and then decide corresponding BD/CCE budget value for each (X, Y) case by case.
BD/CCE budget calculation in multi-cell scenario
In multi-cell operation scenario, BD/CCE budget calculation becomes more complex by introducing such multi-slot-based BD/CCE budget definition, i.e. more additional cases as described in 2.1.3. 
As one straightforward way, the BD/CCE budget calculation adopts the same way for NR Rel-16, i.e. serving cells with the same PDCCH monitoring type are grouped together for further handling.  Particularly, the follows steps apply:
· Determination of : UE needs to report respective  for different cases, i.e. Case 1-7 as described in 2.1.3. For the case with mixed capability, L  values need to be reported where L is the number of capability types in that case (e.g. 3 in case 7);
· Determination of total limit for each group of serving cells:
· If the group adopts slot-based or span-based capability, legacy way is used;
· If the group adopts multi-slot-based capability, further divide the cell group into different parts depending on SCS and/or value of X/Y. Then BD/CCE budget for the serving cells will follow one total limit. Note that there may have certain limits in the group or part of serving cells.
As another alternative, the serving cell with SCS µ and multi-slot-based capability can be transformed to an equivalent virtual serving cell with SCS µ’ and slot-based capability, e.g. e.g. cell A with 480KHz SCS and BD/CCE budget per 4 slots is equivalent to a virtual cell A’ with 120KHz and BD/CCE budget per slot.
[bookmark: _Ref61441327][bookmark: _Ref78903422]Proposal 6: For multi-cell operation, the following alternatives could be considered:
Alt. 1: Serving cells with the same PDCCH monitoring type including multi-slot-based capability are grouped together for further BD/CCE budget calculation;
Alt. 2: Transform the serving cell with multi-slot-based capability to equivalent serving cell with slot-based capability for further BD/CCE budget calculation.
Overbooking in NR operation from 52.6-71GHz
In NR operation from 52.6-71GHz, BD/CCE budget will be defined for multiple slot as agreed. In this case, PDCCH candidates should be allocated for multiple slots in overbooking case. In existing NR operation, PDCCH candidates are allocated per slot in granularity of SS. However, in multi-slot-based PDCCH monitoring capability case, PDCCH candidates could be allocated to multiple slots in granularity of SS and slot. How to allocate the PDCCH candidates in two dimensions should be considered.
[bookmark: _Ref68103532]Proposal 7: In multi-slot-based PDCCH monitoring capability case, PDCCH candidates could be allocated to multiple slots in granularity of SS and slot.
Search space configuration
In NR Rel-15&16, the allowed SS period configuration is from 1 slot to 2560 slots as shown below [9]. When PDCCH uses 480/960K SCS, there are the following two issues to be considered:
· Smaller SS period (e.g. 1 or 2 slots) is not needed for 480/960K SCS with multi-slot-based capability;
· The largest configurable SS period, i.e. 2560 slots=80/40ms for 480/960K SCS respectively, is not enough for SS configuration.
[image: ]
[bookmark: _Ref68103537]Proposal 8: Search space configuration should be improved for 480K/960K SCS.
3. Conclusion
In this contribution, we focus on PDCCH monitoring capability and BD/CCE budget, and have the following proposals:
Proposal 1: Consider the following options for further design of multi-slot PDCCH monitoring capability:
· Option 1: All SSs are restricted in Y consecutive slots within each X-slot group
· Option 1b (1st preference): Y=1 is mandatory capability and Type 0 PDCCH monitoring is changed to slot [image: ] from slot ([image: ], [image: ]+1) as in NR Rel-15/16
· Option 2: Group (1) SSs are restricted in YGroup1 consecutive slot and Group (2) SSs are restricted in YGroup2 consecutive slot within each X-slot group where YGroup1 slots overlap with YGroup2 slots
· Option 2a (2nd preference): YGroup2= 2 is mandatory capability and follow legacy Type 0 PDCCH monitoring as in NR Rel-15/16
· Option 2b (1st preference): YGroup2=1 is mandatory capability and Option 1b: Y=1 is mandatory capability and Type 0 PDCCH monitoring is changed to slot [image: ] from slot ([image: ], [image: ]+1) as in NR Rel-15/16
Proposal 2: Location of Y slots within a X-slot-group depends on starting slot of Type 0 PDCCH monitoring slot (i.e. slot [image: ]) and consider automatic update of SS configuration when [image: ] changes.
Proposal 3: For NR Rel-17 UEs, PDCCH monitoring capability is defined per BWP and configuration of 480K/960K SCS for a BWP implies multi-slot-based capability for that BWP.
Proposal 4: PDCCH monitoring capability for a serving cell is the capability for its active BWP or configured first active BWP when it is deactivated. 
Proposal 5: For NR Rel-17 UEs, supported (X, Y) value should be determined first and then decide corresponding BD/CCE budget value for each (X, Y) case by case.
Proposal 6: For multi-cell operation, the following alternatives could be considered:
Alt. 1: Serving cells with the same PDCCH monitoring type including multi-slot-based capability are grouped together for further BD/CCE budget calculation;
Alt. 2: Transform the serving cell with multi-slot-based capability to equivalent serving cell with slot-based capability for further BD/CCE budget calculation
Proposal 7: In multi-slot-based PDCCH monitoring capability case, PDCCH candidates could be allocated to multiple slots in granularity of SS and slot.
Proposal 8: Search space configuration should be improved for 480K/960K SCS.
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