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Introduction
In RAN1 #103-e, the RAN1-part study on the NR operation in a frequency regime between 52.6GHz and 71GHz was finalized. During the study, potential issues with physical signal and channel designs related to the adoption of new high numerologies, i.e., 480kHz and 960kHz, have been identified and summarized in TR 38.808 [1]. In RAN #90-e and RAN #92-e, the WID was revised based on the outcomes of the RAN1 study [2].
For PDCCH monitoring aspect, the following enhancements have been suggested for the WI:
· 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, we present our views on the multi-slot PDCCH monitoring capability design and further PDCCH monitoring enhancement for NR operation in the frequency regime between 52.6GHz and 71GHz, i.e., FR2-2.
Discussion
[bookmark: _Ref61821711][bookmark: _Ref68262011]Multi-slot PDCCH monitoring capability
In RAN1 #104bis-e and RAN1 #106-e, three alternative definitions of the multi-slot PDCCH monitoring capability had been discussed. In RAN1 #106bis-e, Alt 3 was opted out due to lack of sufficient support, and the discussion was focused on Alt 1 and Alt 2. Although it was generally understood that Alt 2 is a more flexible solution that encompasses Alt 1 as a subset, there was a strong concern from some companies about the complexity of Alt 2 and the gain over Alt 1. Thus, in the course of attempting to compromise with Alt 1, the following agreement has been made:
	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


In this section, we present our views on the multi-slot PDCCH monitoring capability in relation to the above agreement.

[bookmark: _Ref86687829]BD/CCE limits for 480 kHz and 960 kHz SCSs
In RAN1 #106bis-e, the BD/CCE limits for 480 kHz and 960 kHz SCSs with multi-slot PDCCH monitoring have been discussed (Issue A3-1). Although the discussion was not concluded due to lack of time, the views from companies were almost converged to the following FL’s proposal:
	· [bookmark: _Hlk86685508]The following limits apply for multi-slot monitoring within X slots
· The maximum number of monitored PDCCH candidates per X=4 slots for a DL BWP with 480 kHz SCS configuration for a single serving cell is 20.
· The maximum number of monitored PDCCH candidates per X=8 slots for a DL BWP with 960 kHz SCS configuration for a single serving cell is 20.
· The maximum number of non-overlapped CCEs per X=4 slots for a DL BWP with 480 kHz SCS configuration for a single serving cell is 32.
· The maximum number of non-overlapped CCEs per X=8 slots for a DL BWP with 960 kHz SCS configuration for a single serving cell is 32.
· FFS: Monitoring constraints for some search spaces may be based on Y slots.


The numbers in the proposal above are the same as those for the per-slot PDCCH monitoring capability for 120 kHz SCS. The intention of the proposal is to achieve at least the same extent of scheduling flexibility, complexity, and power consumption as the 120 kHz SCS. Without deeper investigation on the feasible scaling rule, which should be very time consuming, relying on the exiting capability would be a good starting point. Hence, it seems fair to confirm the above proposal.
[bookmark: _Toc83573326][bookmark: _Toc83587356][bookmark: _Toc83632382][bookmark: P_1]Proposal 1: For the multi-slot PDCCH monitoring capability with X = 4 for 480 kHz SCS and X = 8 for 960 kHz SCS, at least the same maximum numbers of PDCCH candidates and non-overlapped CCEs as 120 kHz SCS are supported (i.e., 20 BDs and 32 CCEs).

[bookmark: _Ref86699854]UE capability of Y slot(s) for multi-slot PDCCH monitoring
One of the key motivations of multi-slot PDCCH monitoring is the improved scheduling flexibility by not reducing the maximum number of BD/CCE per monitoring occasion (MO). Another important motivation, which should not be overlooked, is the enhanced power efficiency. In general, by separating two PDCCH MOs far enough, the micro-sleep opportunity increases. For example, if the PDCCH MOs are concentrated within a short duration (e.g., one slot) within a slot group of X = 4 slots for 480 kHz SCS and X = 8 slots for 960 kHz SCS, at least the same micro-sleep opportunity as that of 120 kHz SCS would be guaranteed. Since 480 kHz and 960 kHz SCSs can support a larger bandwidth (i.e., larger portion of RF power in the overall power consumption) compared to 120 kHz SCS, the same micro-sleep opportunity may be translated to a higher power saving gain. On the contrary, PDCCH MOs dispersed all over the X slots may adversely impact the power efficiency by requiring UE
· to keep the RF frontend blocks active for a longer time,
· to repeat ramping up and down its frontend blocks more often, and 
· to perform more FFT operation across MOs.
[bookmark: _Ref86702034][bookmark: _Toc83573334][bookmark: _Toc83587364][bookmark: _Toc83632390][bookmark: O_1]Observation 1: PDCCH monitoring occasion dispersed over multiple slots within a slot group of X slots may adversely impact the power efficiency.
Therefore, for 480 kHz and 960 kHz SCSs, mandating a UE to monitor PDCCH in more than one consecutive slots in a slot group is not desirable. For Group (1) SS sets, if monitoring more than one PDCCH slot is necessary, it could be optionally supported for Group (1) SS sets per UE capability. For Group (2) SS sets, however, since CSS monitoring is mandated for all UEs, the requirement should be conservative and consecutive slot monitoring should be avoided.
[bookmark: P_2]Proposal 2: Monitoring of all Group (1) SS sets are restricted within YGroup1 consecutive slots within a slot group of X slots, where the value(s) of YGroup1 is per UE capability:
· YGroup1 = 1 slot is the mandatory UE capability.
· Other values of YGroup1, e.g., YGroup1 = X/2, is optionally supported.
[bookmark: _Ref86699493][bookmark: P_3]Proposal 3: Monitoring of all Group (2) SS sets are restricted within YGroup2 = 1 slot within a slot group of X slots.
Note that YGroup2 = 1 slot in Proposal 3 cannot be attained by the legacy Rel-15 SS set #0 design and, thus, a new design of SS set #0 will be discussed in Section 2.1.3. Also, locations of YGroup1 and YGroup2 will be discussed in Section 2.1.3.

[bookmark: _Ref78734821]CSS monitoring with multi-slot PDCCH monitoring capability
During the discussion in RAN1 #106-e, although companies agreed to compromise with the fixed slot group-based multi-slot PDCCH monitoring capability (i.e., Alt 1), the views were still divergent regarding whether and how to align monitoring occasions of USS and CSS. Summarizing the outcomes (Issue A1-2a and Issue A1-1) from the previous meeting, the two main options under discussion are as follows:
	Option A) BD attempts for all SS sets for Group (1) and Group (2) are restricted to fall within Y slots,
Option B) BD attempts for all SS sets for Group (1) are restricted to fall within Y slots, while BD attempts for all SS sets for Group (2) can occur anywhere in the X slots.


It is understood that Option A cannot be achieved with the legacy design of SS set #0 and, thus, an enhancement of SS set #0 is necessary. On the other hand, from the views of proponents, Option B is intended to retain the legacy design of SS set #0, which would reduce the burden of standardization. Since it was impossible to reach a consensus between the two options, a compromised scheme for aligning the Group (1) and Group (2) SS sets while keeping the legacy SS set #0 has been suggested for further study:
	· 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


The suggested scheme above implies that the location of YGroup1 in a slot group changes in a semi-dynamic manner based on the value of . The value of  shall be determined in association with an SSB as per Rel-15. That is, the SSB associated with  is determined by the most recent of
· A MAC CE activation command indicating a TCI state for the CORESET associated with the CSS (i.e., CORESET #0), where the TCI-state includes a CSI-RS that is quasi-co-located with the SSB, or
· A recent random access procedure by the UE, which is not initiated by a PDCCH order.
Although the suggested scheme may achieve the intended goals of retaining Rel-15 SS set #0 and aligning MOs of USS and CSS, it introduces many new issues, which render the benefit of the scheme over the original Options A and B unclear. For example, to allow the semi-dynamic change of Group (1) occasions, the existing offset configuration of a SS set should be invalidated, and the entire procedure of determining PDCCH MOs should be re-designed. Also, from network’s perspective, the semi-dynamic changes of Group (1) occasions will make multiplexing and scheduling of UEs more complicated. Hence, in our view, continuing the discussion based on the original Option A and Option B is preferred.
[bookmark: P_4]Proposal 4: Introducing an offset for Group (1) based on slot index , which may change in a semi-dynamic manner, is not considered for multi-slot PDCCH monitoring.
For Option B, although the intention is to keep the legacy design of SS set #0, there was also some skepticism on the feasibility. Some concerns raised during RAN1 #106bis-e discussion are summarized below.

Consecutive slot and back-to-back slot monitoring
The current design of search space set #0 for SSB-CORESET multiplexing pattern 1 requires the UE to monitor PDCCH over two consecutive slots. During the past RAN1 meetings, it has been persistently pointed out by many companies that, for 480 kHz and 960 kHz SCSs, PDCCH monitoring in more than one consecutive slot causes lots of challenges in the UE implementation. As discussed in Section 2.1.2, one of the evident challenges is the power efficiency. For example, comparing two cases of 1) monitoring 20 PDCCH candidates in a single slot and 2) monitoring 10 PDCCH candidates in each of two consecutive slots, even with the same total number of PDCCH candidates to be monitored, the latter case demands higher power consumption due to potentially increased number of FFT operations (more control OFDM symbols to process) and reduced micro-sleep opportunity, larger memory space due to increased Rx sample buffering (during PDCCH processing), and additional PDCCH processing blocks for pipelining.
[bookmark: O_2]Observation 2: Monitoring two consecutive slots for Group (2) SS sets within a slot group introduces lots of challenges in the UE implementation.
Therefore, retaining the legacy SS set #0 design should be avoided, and a new design of SS set #0 is necessary for 480 kHz and 960 kHz SCSs.

Burden of BD/CCE for CSS per group of X slots
The CCE aggregation level and the number of BD for SS Set #0 is provides in Table 10.1-1 in TS 38.213, which is repeated in Table 1 below.
[bookmark: _Ref86601029]Table 1: CCE ALs and maximum number of PDCCH candidates for CSS sets
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1


In Table 1, the CCE ALs and number of BD for CSS do not depend on the SCS, which should also be the case for 480 kHz and 960 kHz SCSs. Thus, for CSS monitoring in a slot, the number of non-overlapped CCEs can be up to 28 and the number of PDCCH candidates is 7. When the legacy SS set #0 design is applied to multi-slot PDCCH monitoring with a slot group of X slots, if a UE is required to monitor two consecutive slots for the CSS within a slot group, the numbers of CCEs and PDCCH candidates for the CSS are doubled, i.e., up to 56 CCEs and 14 PDCCH candidates. 
As discussed in Section 2.1.1, for multi-slot PDCCH monitoring for 480 kHz and 960 kHz SCSs, it would be a fair approach to keep the same BD/CCE limits (i.e., 20 BD and 32 CCEs) as those for the per-slot PDCCH monitoring capability for 120 kHz SCS. Thus, in the situation described above (i.e., monitoring two consecutive CSS MOs within a slot group), the BD/CCE assignments for CSS within a slot group may exceed the BD/CCE budgets, which cannot be handled by the current PDCCH overbooking rules. Also, even if the configuration of SS set #0 may be restricted not to exceed the BD/CCE budgets, the available configuration of SS set #0 would be strictly limited and the number of remaining BD/CCE useable for Group (1) SS sets would be very limited.
[bookmark: O_3]Observation 3: With the legacy SS set #0 design, the numbers of BD/CCEs assigned for Group (2) SS sets within a group of X slots can be very large and the remaining BD/CCE for Group (1) would be limited.

Based on the arguments above, retaining the legacy SS set #0 design embraces many potential issues, and an enhancement of SS set #0 seems necessary, even when Group (1) and Group (2) SS sets are not restricted to the same Y consecutive slots (i.e., Option B). Note that two consecutive slots, slot  and slot , in 120 kHz SCS are effectively slot  and slot  in 480 kHz () and 960 kHz (=8) SCSs. Hence, for SSB-CORESET multiplexing pattern 1, monitoring of SS set #0 in slot  and slot  is a natural extension of 120 kHz SCS. Alternatively, restricting a single CSS MO per SSB, i.e., slot  only, instead of two, can be a candidate enhancement. 
[bookmark: O_4]Observation 4: Even when Group (1) and Group (2) SS sets do not share common Y consecutive slots within a slot group of X slots, the legacy SS set #0 may not be applicable.
[bookmark: _Ref86684986][bookmark: P_5]Proposal 5: For 480 kHz and 960 kHz SCSs with multi-slot PDCCH monitoring, SS set #0 (i.e., Group (2) SS sets) of SSB-CORESET multiplexing pattern 1 should be re-designed: for a slot index , UE monitors SS set #0 in
· Alt 1) slot  and slot , where  for 480 kHz and  for 960 kHz,
· Alt 2) slot  only.

Proposal 5 implies that the UE may monitor Group (2) SS sets in at most YGroup2 = 1 slot within a group of X slots and is consistent with Proposal 3. If the UE also monitors Group (1) SS sets in YGroup1 slot(s) and the locations of YGroup1 and YGroup2 slots do not overlap (i.e., Option B), the UE needs to monitor PDCCHs in at most YGroup1+YGroup2 slots within the slot group. The YGroup1+YGroup2 slots may be non-consecutive and widely spread within the slot group. As observed in Observation 1, PDCCH MOs dispersed over multiple slots may be challenging for some UE implementation, and more concentrated MOs would be preferred. Therefore, based on the UE capability, it would be beneficial to restrict the maximum total number of monitored slots for PDCCH per slot group. Denoting the maximum number by YTotal, it may be smaller than or equal to YGroup1+YGroup2. Hence, within a slot group, if the number of slots configured with at least one of Group (1) and Group (2) SS sets exceeds YTotal, some MOs may be ignored to reduce the number of monitored slots within the slot group. This may be based on a rule similar to overbooking and, as an example, a simple rule for prioritizing one of Group (1) or Group (2) is described in the following paragraphs.

A prioritization rule for Group (1) or Group (2) SS sets
Assume a value of YTotal, where (YGroup1+YGroup2) ≥ YTotal ≥ YGroup1 ≥ YGroup2. If the number of slots configured with at least one of Group (1) and Group (2) SS sets (i.e., up to YGroup1+YGroup2 slots) is larger than YTotal, one of the Groups is dropped in its entirety. After dropping is applied, the number of remaining slots for PDCCH monitoring within a slot group is guaranteed to be less than or equal to YTotal. Based on the principle of CSS prioritization in Rel-15, the conditions of dropping can be as follows:
· If Group (2) includes Type1 CSS w/o dedicated RRC configuration, Group (2) is prioritized and Group (1) is dropped.
· If Group (1) includes Type1 CSS with dedicated RRC configuration and the UE is expecting to receive a DCI format in the Type1 CSS (i.e., within a RAR window), Group (1) is prioritized and Group (2) is dropped. Otherwise, Group (2) is prioritized.
In Figure 1, an example of the aforementioned rule is illustrated for (YGroup1, YGroup2, YTotal) = (1 slot, 1 slot, 1 slot). In Figure 1 (a) and (b), since the number of slot(s) for PDCCH monitoring does not exceed YTotal = 1 slot, no dropping is necessary. However, in Figure 1 (b), Group (1) and Group (2) are overlapped, and the CSS prioritization as per Rel-15 should be applied within the overlapped slot. That is, when a CSS MO overlaps with a USS MO with a different QCL-TypeD property, monitoring of the CSS MO is prioritized. In Figure 1 (c), Group (1) and Group (2) do not overlap, and the total number of slots for PDCCH monitoring exceeds YTotal = 1 slot. Hence, Group (2) is prioritized, and Group (1) is dropped.
During the connected mode operation, monitoring of Group (2) SS sets is relatively infrequent (e.g., once every 20 ms) and thus the actual dropping event of PDCCH transmission in Group (1) SS sets would be rare. Also, even though the Group (1) SS sets are dropped by the aforementioned prioritization rule, the UE can still receive a scheduling grant with C-RNTI within the CSS MOs in Group (2) via DCI format 0_0/1_0. Therefore, the impact of the proposed prioritization rule can be kept marginal.
[bookmark: P_6]Proposal 6: The maximum total number of slots for PDCCH monitoring in a slot group, YTotal, is restricted per UE capability.
· (YGroup1+YGroup2) ≥ YTotal ≥ YGroup1 ≥ YGroup2
· If the total number of slots configured with at least one of Group (1) and Group (2) SS sets exceeds YTotal, a rule for dropping some of the slots can be applied.
· Ex) (YGroup1, YGroup2, YTotal) = (1 slot, 1 slot, 1 slot) as the mandatory capability.




(a)


(b)


(c)
[bookmark: _Ref86706230]Figure 1: Prioritization of Group (2) SS sets over Group (1) SS sets.

Suggested revision for Option B
Regarding the discussion on whether and how to align monitoring occasions of USS and CSS, our preference is still Option A. However, in order make a progress, we are willing to compromise with Option B if it is properly modified to reflect the proposals in this contribution. Consolidating the discussion in the previous sections, the following revision of Option B is suggested as a compromise, where the changes from the previous version in RAN1 #106bis-e are marked in red font.
	· Option B-rev2
· The reported capability indicates the BD/CCE budget within X slots
· For Group (1) SS
· A SS can be configured to be within YGroup1 consecutive slots within a slot group of X slots
· The location of the YGroup1 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 YGroup1 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 YGroup1 consecutive slots
· For Group (2) SS
· A SS can be 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 based on slot index n0 in association with an SSB as per Rel-15
· BD attempts for Group (2) SSs are restricted to one slot per slot group of X slots, i.e., YGroup2 = 1 slot
· Alt 1) slot n0 and slot n0+X
· Alt 2) slot n0 only
· The maximum number of monitored slots for PDCCH in a slot group is restricted to YTotal
· YTotal is per UE capability
· YGroup1+YGroup2 ≥ YTotal ≥ YGroup1 ≥ YGroup2 = 1 slot
· If the number of slots included in at least one of YGroup1 and YGroup2 exceeds YTotal, one of Group (1) and Group (2) shall be prioritized
· Supported the following values of Y’s
· For X = 8: (YGroup1, YGroup2, YTotal) = (1, 1, 1) and optionally (1, 1, 2), (4, 1, 4), (4, 1, 5)
· For X = 4: (YGroup1, YGroup2, YTotal) = (1, 1, 1) and optionally (1, 1, 2), (2, 1, 2), (2, 1, 3)
· For X = 2: (YGroup1, YGroup2, YTotal) = (1, 1, 1) and optionally (1, 1, 2)



Other PDCCH-related issues
Handling Type 1 CSS with dedicated RRC configuration
For a connected mode UE, CSSs can be configured via dedicated signaling, i.e., PDCCH-ConfigCommon in the BWP-DownlinkCommon IE. Even though the signaling is dedicated for each UE, the parameters are “cell specific” and the network ensures the necessary alignment with corresponding parameters of other connected mode UEs. Furthermore, the same CSS configuration shall also be shared with idle and inactive mode UEs in the same cell via system information.
	[bookmark: _Toc46439555]TS 38.331:
· BWP-DownlinkCommon
The IE BWP-DownlinkCommon is used to configure the common parameters of a downlink BWP. They are "cell specific" and the network ensures the necessary alignment with corresponding parameters of other UEs. The common parameters of the initial bandwidth part of the PCell are also provided via system information. For all other serving cells, the network provides the common parameters via dedicated signalling.


In Rel-15 per-slot PDCCH monitoring, the cell-specific CSS configuration is rather straightforward. For example, with the basic PDCH monitoring feature (FG 3-1), a SS set other than SS set #0 can be configured as the Type1 CSS for all UEs via dedicated signaling, and the SS set has a MO within the first 3 symbols of every slot. 
For multi-slot PDCCH monitoring discussed in the previous sections, the Type1 CSS with dedicated configuration has been assumed to be in Group (1). However, with multi-slot PDCCH monitoring, the monitoring occasions of Group (1) SS sets may be limited to YGroup1 (< X) slots and the location of YGroup1 may be different across UEs. Therefore, a common dedicated configuration of the Type1 CSS for all UE seems impossible. As a result, for multi-slot PDCCH monitoring, the plausibility of putting the Type1 CSS with dedicated RRC configuration within Group (1) should be reconsidered.
[bookmark: O_5]Observation 5: For multi-slot PDCCH monitoring, putting Type1 CSS with dedicated RRC configuration within Group (1) may be infeasible and should be reconsidered.
To address the issue, Type1 CSS with dedicated RRC configuration (i.e., other than SS set #0) can be separated from Group (1) toward a new group, e.g., Group (3). For monitoring Group (3) SS sets, a special rule for determining a MO within a slot group may be applied. For example, Type1 CSS may be configured with one-slot periodicity, commonly for all UEs, so that every slot in the slot group may include a MO for Type1 CSS. Then, to monitor the Type1 CSS with dedicated RRC configuration, each UE may select only one slot out of the X slots in the slot group. A simple rule for selecting the slot can be as follows:
· Connected mode UE: select a slot for Type1 CSS monitoring that falls in YGroup1 slot(s) of the UE.
· Idle/inactive mode UE: a slot offset (0,..,X-1 slots) is associated with a RACH resource/preamble, and the slot for Type1 CSS monitoring is selected based on the RACH resource/preamble that the UE used for the RACH procedure.

Conclusion 
Observation 1: PDCCH monitoring occasion dispersed over multiple slots within a slot group of X slots may adversely impact the power efficiency.
Observation 2: Monitoring two consecutive slots for Group (2) SS sets within a slot group introduces lots of challenges in the UE implementation.
Observation 3: With the legacy SS set #0 design, the numbers of BD/CCEs assigned for Group (2) SS sets within a group of X slots can be very large and the remaining BD/CCE for Group (1) would be limited.
Observation 4: Even when Group (1) and Group (2) SS sets do not share common Y consecutive slots within a slot group of X slots, the legacy SS set #0 may not be applicable.
Observation 5: For multi-slot PDCCH monitoring, putting Type1 CSS with dedicated RRC configuration within Group (1) may be infeasible and should be reconsidered.

Proposal 1: For the multi-slot PDCCH monitoring capability with X = 4 for 480 kHz SCS and X = 8 for 960 kHz SCS, at least the same maximum numbers of PDCCH candidates and non-overlapped CCEs as 120 kHz SCS are supported (i.e., 20 BDs and 32 CCEs).
Proposal 2: Monitoring of all Group (1) SS sets are restricted within YGroup1 consecutive slots within a slot group of X slots, where the value(s) of YGroup1 is per UE capability:
· YGroup1 = 1 slot is the mandatory UE capability.
· Other values of YGroup1, e.g., YGroup1 = X/2, is optionally supported.
Proposal 3: Monitoring of all Group (2) SS sets are restricted within YGroup2 = 1 slot within a slot group of X slots.
Proposal 4: Introducing an offset for Group (1) based on slot index , which may change in a semi-dynamic manner, is not considered for multi-slot PDCCH monitoring.
Proposal 5: For 480 kHz and 960 kHz SCSs with multi-slot PDCCH monitoring, SS set #0 (i.e., Group (2) SS sets) of SSB-CORESET multiplexing pattern 1 should be re-designed: for a slot index , UE monitors SS set #0 in
· Alt 1) slot  and slot , where  for 480 kHz and  for 960 kHz,
· Alt 2) slot  only.
Proposal 6: The maximum total number of slots for PDCCH monitoring in a slot group, YTotal, is restricted per UE capability.
· (YGroup1+YGroup2) ≥ YTotal ≥ YGroup1 ≥ YGroup2
· If the total number of slots configured with at least one of Group (1) and Group (2) SS sets exceeds YTotal, a rule for dropping some of the slots can be applied.
· Ex) (YGroup1, YGroup2, YTotal) = (1 slot, 1 slot, 1 slot) as the mandatory capability.
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