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In previous RAN1 meetings, #105-e ~ #106-bis-e, the following agreements were made. However, there are still multiple open issues.
	RAN1 #105-e
Agreement:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· Alt 1: A fixed pattern of N slots. 
· Alt 2: Use the Rel-16 capability (pdcch-Monitoring-r16, (X, Y) span) as the baseline to define the new capability
· FFS: Values of X and Y and units in which they are defined 
· FFS: Whether number of slots within which the number of monitoring occasions is counted is needed and if needed, the value of the number of slots
· Alt 3: A sliding window of N slots for defining multi-slot PDCCH monitoring capability. 
· FFS: Increments in which sliding occurs
· Specific numbers for X, Y and N may depend on UE capability and gNB configuration
· Examples: 
· N = [4] slots for 480 kHz SCS and N = [8] slots for 960 kHz SCS
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS

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.

RAN1 #106-e
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 Alt 1 in previous agreement to the following (this agreement does not select Alt. 1):
· 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
· Further discuss down-selection of Y within 1<=Y<=X/2 (both in units of slot) when X>1
· FFS: Supported values/constraints of X and Y, e.g. Y<=X, Y=X
· 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: What the UE capability defines for monitoring within the Y slots

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 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:
· A UE supporting 480 kHz SCS supports multi-slot PDCCH monitoring for 480 kHz SCS.
· A UE supporting 960 kHz SCS supports multi-slot PDCCH monitoring for 960 kHz SCS.
· FFS: whether to apply multi-slot PDCCH monitoring at all times and for all search spaces.

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 Alt 1 in previous agreement to the following (this agreement does not select Alt. 1):
· 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
· Further discuss down-selection of Y within 1<=Y<=X/2 (both in units of slot) when X>1
· FFS: Supported values/constraints of X and Y, e.g. Y<=X, Y=X
· 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: What the UE capability defines for monitoring within the Y slots

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 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:
· A UE supporting 480 kHz SCS supports multi-slot PDCCH monitoring for 480 kHz SCS.
· A UE supporting 960 kHz SCS supports multi-slot PDCCH monitoring for 960 kHz SCS.
· FFS: whether to apply multi-slot PDCCH monitoring at all times and for all search spaces.

RAN1 #106-bis-e:
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




Therefore, in this contribution, we provide our further views on PDCCH monitoring capability and search space set configuration for the PDCCH monitoring. 
Multi-slot PDCCH monitoring capability
According to the agreements in last meeting, the multi-slot PDCCH monitoring capability is defined based on Alt 1, i.e., a fixed pattern of slot groups. Each group has X consecutive slots. the slot groups are consecutive and non-overlap. Further, though there is no explicit agreement, it is common understanding that at USS set will be limited to Y consecutive slots in each X-slot group. The location of the Y consecutive slots within a slot group of X slots is maintained across different slot groups. Regarding other SS sets, different considerations are necessary for different SS sets. The potential candidate solutions being discussed include
· All SS sets in the same Y consecutive slots (Option A or A-rev1 in early discussion)
· Group (2) SS can be anywhere in a X-slot group (Option B in early discussion)
· Group (2) SS in Y=2 slots as that for search space set 0 (Option B-rev1 in early discussion)
· Ygroup1 slots for Group (1) SS, Ygroup2 slots for Group (2) SS, where the Ygroup1 slots overlap with the Ygroup2 slots (Option A-FL1 in early discussion or the FFS in agreements)
The SS set 0 is associated with a SSB. The SS set 0 may be configured to carry Type0/0A/1/2 CSS sets. In existing NR, the relative timing between a SSB and the slot carrying SS set 0 is defined in section 13 in TS 38.213. The SS set 0 for a SSB can be transmitted in two consecutive slots which is referred as slot n0, n0+1. gNB has the flexibility that either one of slots n0, n0+1 can be used to carry the SS set 0 for the SSB. For FR2-2 with SCS 480kHz and 960kHz, one proposal is to only map SS set 0 in single slot n0. It is not preferred since it reduce the flexibility for gNB scheduling. on the other hand, another proposal is to map SS set 0 in two slots n0, n0+X. It has the benefit that there is at most one slot for SS set 0 in a X-slot group. However, if slot n0 is used for some SSBs and slot n0+X is used for other SSBs, the transmission of RMSI PDCCH/PDSCH may not be in the same order as the transmission of the multiple SSBs, which complicates gNB scheduling. 
Proposal 1: 
· The CORESET 0 associated with a SSB is mapped in two consecutive slots as in existing NR. 

For Type0A/2 CSS sets, if it is configured with searchSpaceID 0, the PDCCH monitoring occasion are same as that for SIB1, i.e., SS set 0. On the other hand, if Type0A/2 CSS sets are configured with searchSpaceID non-zero, the MOs of Type0A/2 CSS sets are sequentially numbered and mapped to the actual transmitted SSBs according to ssb-PositionsInBurst in SIB1, where the actual transmitted SSBs are sequentially numbered in ascending order of their SSB indexes. That is, the [x×N+K]th PDCCH MO(s) of Type0A/2 CSS sets corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N. In the latter scheme, it is possible that the slot offset of the [x×N+K]th PDCCH MO(s) of Type0A/2 CSS sets in a X-slot group is different from the slot offset of Type0 CSS set of the Kth transmitted SSB in the X-slot group. Option B of the candidate solutions is directly applicable, since there is no limitation on the slot of Type0A/2 CSS sets in a X-slot group. For all other candidate solutions, special handling is needed for Type0A/2 CSS sets with searchSpaceID non-zero. 
Observation 1: 
· For Type0A/2 CSS sets configured with searchSpaceID non-zero, the determined PDCCH MO for a transmitted SSB may not be in the same slot offset as the SS set 0 in a X-slot group
· For all candidate solutions other than Option B, special handling is needed for Type0A/2 CSS sets with searchSpaceID non-zero.

Proposal 2: For Type0A/2 CSS sets configured with searchSpaceID non-zero
· It can be handled by Option B, i.e., Group (2) SS can be anywhere in a X-slot group. 
· If other options except Option B is used, FFS how to align the slot offset of the MOs of Type0A/2 CSS sets and the slot offset of Type0 CSS set for the same SSB. 

[bookmark: _Hlk86949635]For Type1 CSS sets without dedicated RRC configuration, any candidate solutions can be considered since there is no issue of 1-by-1 mapping between the MOs of Type1 CSS sets and transmitted SSBs. Being a cell specific SS set, any candidate solution of Option A or A-rev1 is applicable. On the other hand, Option A or A-rev1 is also applicable if the Y slots always include the slots configured Type1 CSS sets without dedicated RRC configuration. However, it is essentially different handling between Type1 CSS sets without dedicated RRC configuration and a SS set with dedicated RRC configuration. For Type1 CSS sets with dedicated RRC configuration and Type3 CSS, it can be easily configured in the Y consecutive slots for USS sets since anyway dedicated RRC signaling is used for the SS set configuration.  
Observation 2: 
· For Type1 CSS sets without dedicated RRC configuration, any candidate solutions can be considered.
· For Type1 CSS sets with dedicated RRC configuration and Type3 CSS, it can be easily configured in the Y consecutive slots for USS sets since anyway dedicated RRC signaling is used for the SS set configuration.

Proposal 3: Type1 CSS sets without dedicated RRC configuration is handled differently from other CSS/USS sets with dedicated RRC configuration. 

Based on the above analysis, Option B is the solution that is universally applicable for all kinds of CSS/USS sets. If Option B is agreeable, it seems avoiding all/most remaining issues which have to be addressed if other option is adopted. Option A or A-rev1 is not preferred since it enforces to configure cell specific SS sets in the UE specific Y consecutive slots. Option B-rev1, A-FL1 or the FFS in the agreements can be considered but special handling for Type0A/2 CSS sets configured with searchSpaceID non-zero is necessary. 
Proposal 4: For multi-slot PDCCH monitoring capability
· It is preferred to adopt Option B, i.e. Group (2) SS can be anywhere in a X-slot group. 
· If Option B is not agreeable, Option B-rev1, A-FL1 or the FFS in the agreements can be further discussed. Special handling for Type0A/2 CSS sets configured with searchSpaceID non-zero is necessary

In the agreement in last meeting, the value 2 for X is in bracket. We prefer to support X=2 for both SCS 480kHz and 960kHz. In fact, X=2 enables a good balance between number of BD/CCE per slot group and frequent PDCCH monitoring which is especially useful in fast channel access based on LBT. One further issue is whether per-slot PDCCH monitoring capability, i.e., X=1 can be supported for SCS 480/960kHz. It is expected that the number of BDs/CCEs per slot that can be monitored by a UE is reduced a lot for the high SCSs. On the other hand, if it is still applicable to support a PDCCH candidate with aggregation level, e.g., 16 or 8, per-slot PDCCH monitoring capability may be considered for FR2-2 too. 
Proposal 5: 
· X=2 can be optionally supported for both SCS 480kHz and 960kHz 
· X=1, i.e. per-slot PDCCH monitoring capability may be supported subjected to a further discussion on the maximum number of BD/CCE in a slot. 

In Option B-rev1, A-FL1 or the FFS in the agreements, the common part is to configure Group (1) SS is Ygroup1 consecutive slots and configure Group (2) SS is Ygroup2 consecutive slots. In our views, the following combinations of X, Ygroup1 and Ygroup2 can be supported. An active combination for UE operation can be derived explicitly or implicitly. 
· For X=8: (YGroup1,YGroup2) = (4,2), (2,2), (1,2)
· For X=4: (YGroup1,YGroup2) = (2,2), (1,2)
· For X=2: (YGroup1,YGroup2) = (1,2)
Proposal 6: If Option B-rev1, A-FL1 or the FFS in the agreements is considered, the following combinations of (X, Ygroup1, Ygroup2) can be supported
· For X=8: (YGroup1,YGroup2) = (4,2), (2,2), (1,2)
· For X=4: (YGroup1,YGroup2) = (2,2), (1,2)
· For X=2: (YGroup1,YGroup2) = (1,2)

PDCCH overbooking
In NR Rel-15, according to the UE capability on the maximum number of BDs/CCEs in a slot, 
· For PCell or PSCell, it is allowed that the configured number of BDs/CCEs in a slot by the configuration of SS set(s) is larger than the corresponding maximum numbers. Certain dropping rule is defined so that the actual number in the slot doesn’t exceed the corresponding maximum numbers. 
· For a SCell, the gNB should guarantee that the configured numbers of BDs/CCEs in a slot by the configuration of SS set(s) do not exceed the corresponding maximum numbers.
The similar rules could be extended to multi-slot PDCCH monitoring capability, 
· For PCell or PSCell, it is allowed that the configured number of BDs/CCEs in a X-slot group by the configuration of SS set(s) is larger than the corresponding maximum numbers. Certain dropping rule is defined so that the actual number in the X-slot group doesn’t exceed the corresponding maximum numbers. 
· For a SCell, the gNB should guarantee that the configured numbers of BDs/CCEs in a X-slot group by the configuration of SS set(s) do not exceed the corresponding maximum numbers.
Proposal 7: 
· When multi-slot PDCCH monitoring capability is supported,
· PDCCH overbooking is supported for PCell or PSCell 
· For a SCell, the configured BDs/CCEs do not exceed the corresponding maximum numbers.

As in Rel-15, it is desired there is no dropping for CSS sets even for PCell/PSCell. Therefore, it is up to gNB to guarantee that CSS sets are properly configured. One thing to note is that multiple slots in a X-slot group may contain MOs for a CSS set subject to gNB configuration. In this case, the total numbers of BDs/CCEs in the multiple slots for the CSS set are multiple times of that configured in single slot.  Consequently, the numbers of available BDs/CCEs for USS sets are reduced. The UE capability on maximum numbers of BDs/CCEs needs to consider the increase of BDs/CCEs in the X-slot group for a CSS set. 
Regarding handling USS sets if total number of BDs/CCEs exceed the corresponding maximum numbers, a same principle as in Rel-15 can be reused, i.e., a USS set with high SS set index is dropped. Further, since the PDCCH MOs of the USS set may be configured in multiple slots in the X-slot group, a discussion point is whether the USS set in all the multiple slots is dropped as a whole or dropped slot by slot. The latter option is preferred since it allows more capacity for PDCCH monitoring without exceeding UE capability. 
Proposal 8: 
· To handling USS dropping in PDCCH overbooking 
· A USS set with largest SS set index is dropped
· If the PDCCH MOs of a USS set are configured in multiple slots in the X slots, the USS set in the multiple slots is dropped slot by slot.

SSSG switching
The search space set group (SSSG) switching as defined NR-U is shown in Figure 1. The frequent PDCCH monitoring is assumed before gNB gets the channel occupation. For example, search space set with mini-slot level or slot-level PDCCH monitoring can be configured, which is the first search space set group (SSSG). The frequent PDCCH monitoring reduces the delay for gNB to start DL transmission immediately after the LBT is successful. On the other hand, after gNB starts a COT, a second SSSG is configured, which may contain infrequent PDCCH monitoring for power saving. The DL performance for the second SSSG is guaranteed by the configuration of more PDCCH candidates with same or different DCI format in each MO of the second SSSG. 


Figure 1: SSSG switching in NR-U
Dynamic SSSG switching provides a means to balance the fast channel access right after LBT is successful and effective scheduling and power saving after the COT is obtained. The feature is useful for FR2-2 too. The configured search space configuration in the two SSSGs has different requirements on the PDCCH monitoring capability. In general, two options can be considered. In summary, UE needs to dynamically change its PDCCH monitoring capability together with SSSG switching. 
· Option 1: switching between per-slot PDCCH monitoring capability and multi-slot PDCCH monitoring capabilities
· Option 2: switching between two multi-slot PDCCH monitoring capabilities
Proposal 9:
· Dynamic SSSG switching is supported for all SCSs 120, 240 and 960kHz. 
· The search space set configurations of the two SSSG can correspond to two different PDCCH monitoring capabilities

PDCCH monitoring occasion(s) in a slot
In NR, a search space (SS) set could be configured for the UE to monitor PDCCH. Up to 10 SS sets can be configured for each DL BWP in a serving cell. The time domain pattern of a SS set is configured by the following RRC parameters
-	a PDCCH monitoring periodicity of  slots and a PDCCH monitoring offset of  slots, by monitoringSlotPeriodicityAndOffset
-	a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the CORESET within a slot for PDCCH monitoring, by monitoringSymbolsWithinSlot 
-	a duration of  slots indicating a number of slots that the search space set  exists by duration
Specifically, 3 cases for SS set configuration within a slot are supported by parameter monitoringSymbolsWithinSlot,
· Case 1: PDCCH monitoring of all SS sets monitored in a slot occurs within 3 consecutive OFDM symbols that have fixed positions in each slot
· Case 1-1: PDCCH monitoring limited to within first three OFDM symbols of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring cases other than Case 1
[bookmark: _Hlk86953216]Case 1-1 is the basic PDCCH monitoring occasion(s) in the beginning of a slot, which should be supported for high SCS. Case 2 is to configure more frequent PDCCH MOs within a slot, which is targeted to reduce scheduling latency. This is important especially for low SCS, e.g. 15kHz or 30kHz. On the other hand, it is not necessary for a high SCS, e.g. 480kHz or 960kHz, given that the slot length is quite short, i.e. 1/32ms or 1/64ms. In this case, there is no clear motivation to allow full flexibility on the positions of PDCCH MO(s) in a slot, i.e. Case 2. Therefore, restriction on PDCCH MOs in a slot can simplify UE implementation without performance degradation. Note: even when Case 2 is not supported, it is still possible that Type0/0A/1/2 CSS sets can be configured in different positions, e.g., symbol 0 and/or symbol 7 in a slot, which is similar to FG 3-1.  
Proposal 10: 
· On the PDCCH monitoring occasion in a slot
· Case 1-1 and Case 2 are supported for SCS 120kHz
· For SCS 480kHz and 960kHz, only Case 1-1 is supported. 
· Type0/0A/1/2 CSS sets can be configured in different positions, e.g., symbol 0 and/or symbol 7 in a slot, which is similar to FG 3-1

Search space set configuration
For a multi-slot PDCCH monitoring capability with combination (X, Y), the Group (1) SS should be configured within the Y slots in a X-slot group. If aligning the positions between Group (1) SS and Group (2) SS are desired, e.g., Option A-FL1 or the FFS in the agreement, the position of the Y slots may need to be adapted according to the slot offset in a X-slot group for Type0 CSS set. The slot offset of Type0 CSS set in a X-slot group is associated with a SS/PBCH block. The Y sets in a X-slot group can be configured/determined to align with the Type0 CSS set of the current SSB. On the other hand, when the SS/PBCH block of the UE changes, slot offset of Type0 CSS set in a X-slot group may change which ends up with misalignment with the old Y slots. therefore, the Y slots in a X-slot group needs to be adapted to a new position. 
Regarding the SS set configuration, two options can be considered. In a first option, extra PDCCH MOs of a SS set can be configured in the X slots of a X-slot group. Then, a UE only monitors the MOs of the SS set which is overlapped in the current Y slots of the X-slot group. In other words, the MOs of the SS set in a slot outside the current Y slots are dropped. Figure 2 shown an example for the first option with X=8, Y=4. It assumes that PDCCH MOs for a SS set is to be monitored in one slot in each X-slot group. A fixed pattern of PDCCH MOs in X-slot group, i.e. slot 0 + 4 is used in Figure 2. When UE switches between the 5 possible positions of Y consecutive slots in a X-slot group, it always guarantees that there is one slot is configured with valid MOs of the SS set. 


Figure 2: SS configuration with a pattern in X slots
In a second option, the PDCCH MOs of a SS set can be configured in Y slots. When the position of the Y slots for Group (1) SS in a X-slot group changes due to SSB change, the configured MOs in Y slots automatically applies to the new position of Y slots in a X-slot group. Figure 3 shown an example for the second option with same assumption as Figure 2. Assuming the PDCCH MOs for a SS set is configured in the first slot of Y consecutive slots, the MOs for the UE can be in slot 0-4 depending on the active position of the Y slots in a X-slot group. 


Figure 3: SS configuration with a pattern in Y slots
The above two options are both applicable. The first option is slightly preferred, since it allows gNB to minimize the number of slots with CORESETs. In other words, the PDSCH rate matching is simplified in more slots without configured PDCCH. 
Proposal 11: To support the adaptation of the position of the Y consecutive slots in a X-slot group
· PDCCH MOs of a SS set can be configured in the X slots of a X-slot group.
· A UE only monitors the MOs of the SS set which is overlapped in the current Y slots of the X-slot group. 

In existing NR, a SS set can be configured by high layer parameters monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot. For SCS 480kHz/960kHz, monitoringSlotPeriodicityAndOffset and duration can be configured as multiple of X slots. As proposed in Proposal 11, monitoringSymbolsWithinSlot may be extended to X slots. As proposed in Proposal 2, Case 2 is not preferred. Consequently, it is not necessary to use a bitmap of 14*X bits for the pattern of MOs in X slots. A bitmap of 2*X bits can be sufficient to allow a Type0A/1/2 CSS sets to align with MO of Type0 CSS sets in symbol 0 and/or 7 in a slot. 
Proposal 12: For the SS set configuration, 
· monitoringSlotPeriodicityAndOffset and duration can be configured as multiple of X slots. 
· monitoringSymbolsWithinSlot can be extended to X slots. A bitmap of 2*X bits is sufficient.
Cross-carrier scheduling
Cross-carrier scheduling is a quite useful feature for NR. Therefore, it is expected that cross-carrier scheduling between serving cells using SCS 120/480/960kHz can be supported. On the other hand, one more discussion point is the carrier aggregation (CA) between a cell in FR2-2 and a cell in FR2-1 or even FR1. From specification completeness point of view, such CA scenario could be supported, especially considering a PCell in lower frequency than 52.6-71GHz is more appropriate for coverage/robustness. As discussed in MR-DC in Rel-16, the minimum PDSCH scheduling delay and minimum A-CSI RS triggering offset applicable to SCS 480kHz and 960kHz should be discussed. On the other hand, if such kind of CA is supported and cross-carrier scheduling is considered, an extreme case could be that a slot with SCS 15kHz is used to schedule up to 64 slots with SCS 960kHz. Without a clear motivation, we prefer to avoid unnecessary optimization. 
Proposal 13: 
· Cross-carrier scheduling of cell in FR2-2 from/to a cell of FR1 and FR2-1 is allowed by specification
· The minimum PDSCH scheduling delay and the minimum A-CSI RS triggering offset applicable to SCS 480kHz and 960kHz needs to be discussed.
· Additional enhancements are deprioritized unless a clear motivation is identified.

Conclusions
In this contribution, we discussed the potential enhancements on PDCCH monitoring in 52.6-71GHz frequency. The following is a summary of observations and proposals:
Observation 1: 
· For Type0A/2 CSS sets configured with searchSpaceID non-zero, the determined PDCCH MO for a transmitted SSB may not be in the same slot offset as the SS set 0 in a X-slot group
· For all candidate solutions other than Option B, special handling is needed for Type0A/2 CSS sets with searchSpaceID non-zero.
Observation 2: 
· For Type1 CSS sets without dedicated RRC configuration, any candidate solutions can be considered.
· For Type1 CSS sets with dedicated RRC configuration and Type3 CSS, it can be easily configured in the Y consecutive slots for USS sets since anyway dedicated RRC signaling is used for the SS set configuration.
Proposal 1: 
· The CORESET 0 associated with a SSB is mapped in two consecutive slots as in existing NR. 
Proposal 2: For Type0A/2 CSS sets configured with searchSpaceID non-zero
· It can be handled by Option B, i.e., Group (2) SS can be anywhere in a X-slot group. 
· If other options except Option B is used, FFS how to align the slot offset of the MOs of Type0A/2 CSS sets and the slot offset of Type0 CSS set for the same SSB. 
Proposal 3: Type1 CSS sets without dedicated RRC configuration is handled differently from other CSS/USS sets with dedicated RRC configuration. 
Proposal 4: For multi-slot PDCCH monitoring capability
· It is preferred to adopt Option B, i.e. Group (2) SS can be anywhere in a X-slot group. 
· If Option B is not agreeable, Option B-rev1, A-FL1 or the FFS in the agreements can be further discussed. Special handling for Type0A/2 CSS sets configured with searchSpaceID non-zero is necessary
Proposal 5: 
· X=2 can be optionally supported for both SCS 480kHz and 960kHz 
· X=1, i.e. per-slot PDCCH monitoring capability may be supported subjected to a further discussion on the maximum number of BD/CCE in a slot. 
Proposal 6: If Option B-rev1, A-FL1 or the FFS in the agreements is considered, the following combinations of (X, Ygroup1, Ygroup2) can be supported
· For X=8: (YGroup1,YGroup2) = (4,2), (2,2), (1,2)
· For X=4: (YGroup1,YGroup2) = (2,2), (1,2)
· For X=2: (YGroup1,YGroup2) = (1,2)
Proposal 7: 
· When multi-slot PDCCH monitoring capability is supported,
· PDCCH overbooking is supported for PCell or PSCell 
· For a SCell, the configured BDs/CCEs do not exceed the corresponding maximum numbers.
Proposal 8: 
· To handling USS dropping in PDCCH overbooking 
· A USS set with largest SS set index is dropped
· If the PDCCH MOs of a USS set are configured in multiple slots in the X slots, the USS set in the multiple slots is dropped slot by slot.
Proposal 9:
· Dynamic SSSG switching is supported for all SCSs 120, 240 and 960kHz. 
· The search space set configurations of the two SSSG can correspond to two different PDCCH monitoring capabilities
Proposal 10: 
· On the PDCCH monitoring occasion in a slot
· Case 1-1 and Case 2 are supported for SCS 120kHz
· For SCS 480kHz and 960kHz, only Case 1-1 is supported. 
· Type0/0A/1/2 CSS sets can be configured in different positions, e.g., symbol 0 and/or symbol 7 in a slot, which is similar to FG 3-1
Proposal 11: To support the adaptation of the position of the Y consecutive slots in a X-slot group
· PDCCH MOs of a SS set can be configured in the X slots of a X-slot group.
· A UE only monitors the MOs of the SS set which is overlapped in the current Y slots of the X-slot group. 
Proposal 12: For the SS set configuration, 
· monitoringSlotPeriodicityAndOffset and duration can be configured as multiple of X slots. 
· monitoringSymbolsWithinSlot can be extended to X slots. A bitmap of 2*X bits is sufficient.
Proposal 13: 
· Cross-carrier scheduling of cell in FR2-2 from/to a cell of FR1 and FR2-1 is allowed by specification
· The minimum PDSCH scheduling delay and the minimum A-CSI RS triggering offset applicable to SCS 480kHz and 960kHz needs to be discussed.
· Additional enhancements are deprioritized unless a clear motivation is identified.


References
1. RP-211584, “Revised WID: Extending current NR operation to 71GHz,” Qualcomm, Intel




7/7
image1.emf
...

switching delay 

gNB-initiated COT

DCI 2_0 triggering 

SSSG switching


Microsoft_Visio_Drawing.vsdx








...






switching delay







gNB-initiated COT
DCI 2_0 triggering SSSG switching




image2.emf
MO 1

MO 0

X=8 slots

Y=4 slots

MO 1 MO 0

X=8 slots

Y=4 slots

Y=4 slots

Y=4 slots

Y=4 slots


Microsoft_Visio_Drawing1.vsdx

MO 1



MO 0


X=8 slots

Y=4 slots

MO 1



MO 0


X=8 slots

Y=4 slots
Y=4 slots
Y=4 slots
Y=4 slots



image3.emf
MO

X=8 slots

Y=4 slots

MO

X=8 slots

MO

Y=4 slots

MO

MO

Y=4 slots

MO

MO

Y=4 slots

MO

MO

Y=4 slots

MO


Microsoft_Visio_Drawing2.vsdx





MO


X=8 slots

Y=4 slots





MO


X=8 slots








MO

Y=4 slots







MO





MO




Y=4 slots




MO










MO


Y=4 slots






MO



MO







Y=4 slots

MO










