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1. Introduction
It has been identified during the SI phase [1] that per slot monitoring under high SCSs, i.e., 480 kHz and 960 kHz, might not be a desirable configuration for UE due to the PDCCH monitoring power consumption from relatively short slot duration. Furthermore, under the assumption of per slot monitoring, the associated BD/CCE limit per slot for SCSs higher than 120 kHz might be limited to a small number to accommodate UE capability, e.g., less than 16 CCE limit per slot, which leads to degraded scheduling efficiency. To address these two PDCCH monitoring issues, it has been agreed in RAN #90e [2] that UE PDCCH monitoring complexity is considered as one of the enhancements for operation in 52.6GHz to 71GHz and the following aspects are included in the scope for further discussion: blind detection/CCE budget, multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring. In RAN1 #107e, the basic multi-slot PDCCH monitoring framework and the associated UE capability on BD/CCE limit have been specified. However, more advanced capability on BD/CCE limit and multi-slot PDCCH monitoring for multi-cell operation is still missing. Our views on those aspects are as follows.   

2. [bookmark: _Ref494794648]PDCCH monitoring enhancement

Slot group notion was agreed in RAN1 #106 bis e meeting:
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
 
In RAN1 #107-e meeting, the basic multi-slot PDCCH monitoring have been agreed as follows:
[bookmark: _Hlk88187306]Agreement
· For Group (1) SS: Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS
· A SS is monitored 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
· Note: There is no requirement to align the Y consecutive slots across UEs or with slot n0
· The location of the Y consecutive slots within the 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: Type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS
· SS monitoring locations can be anywhere within a slot group of X slots, with the following exception
· BD attempts for Type0-CSS for SSB/CORESET 0 multiplexing pattern 1, and additionally for Type0A/2-CSS if searchSpaceId = 0, occur in slots with index n0 and n0+X0, where n0 is as in Rel-15, X0=4 for 480 kHz SCS and X0=8 for 960 kHz SCS.
· Supported combinations of (X,Y)
· A UE capable of multi-slot monitoring mandatorily supports
· For SCS 480 kHz: (X,Y) = (4,1)
· For SCS 960 kHz: (X,Y) = (8,1)
· A UE capable of multi-slot monitoring optionally supports
· For SCS 480 kHz: (X,Y) = (4,2)
· For SCS 960 kHz: (X,Y) = (8,4), (4,2), (4,1)
· Working assumption: BD/CCE budget for (4,2), (4,1) is half that of X=8
· A UE capable of multi-slot monitoring mandatorily supports the following PDCCH monitoring within Y slots
· For Y>1: FG3-1 (monitoring Group (1) SSs in the first 3 OFDM symbols of each of the Y slots)
· For 960 kHz SCS For Y=1: FG3-5b with set1 = (7, 3)
· [FL Note: The first number is the minimum gap in symbols between the start of two spans, the second number is the span duration in symbols (cf. TS 38.822)]
· For 480 kHz SCS For Y=1: FG3-5b with set2 = (4, 3) and (7, 3) with a modification with maximum two monitoring spans in a slot
· [FL Note: The first number is the minimum gap in symbols between the start of two spans, the second number is the span duration in symbols (cf. TS 38.822)]
· The following supersedes FG3-5b and FG3-1 definition:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of X slots per scheduled CC for FDD
· Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of X slots per scheduled CC for TDD

One remaining discussion is the BD/CCE budge for (X,Y)=(4,2) and (4,1) under 960kHz. In our view, the significance and usage of configuration (X,Y)=(4,1) and (4,2) are not clear compared to (8,1) and (8,4) and we prefer to remove such configurations. Furthermore, if the configuration (X,Y)=(4,1) and (4,2) were considered, based on the discussion so far, the associated BD/CCE limit should be around half of the ones for (X,Y)=(8,1) and (8,4). Consequently, the PDCCH scheduling will be impacted, especially when Type-0 PDCCH monitoring is involved where monitoring in consecutive slot-groups is needed. To alleviate the scheduling inflexibility due to the decreased BD/CCE limit, it is not desirable to configure X=8 in Pcell with 960kHz. 

[bookmark: _Ref92449662]Proposal 1: For Rel-17 960kHz multi-slot PDCCH monitoring, only (X,Y)=(8,1) and (8,4) are supported in a Pcell.




[bookmark: _Hlk95216137]In RAN1 #107-e meeting, the framework of multi-slot PDCCH monitoring and BD/CCE limit within a slot group in a single cell has been specified. Further in RAN1 #107bis-e meeting, enhancements of search space set configuration were discussed. Two IEs are introduced, duration-r17 and monitoringSlotsWithinSlotGroup-r17, to address the flexibility of multi-slot PDCCH monitoring configuration but no clear definition is captured.  In our understanding, the purpose of duration-r17 is to specify the “duration” of slot-group and the purpose of monitoringSlotsWithinSlotGroup-r17 is to specify which slots within a slot group are configured to monitor. That is, for a search space set , UE will monitor PDCCH in the slots indicated by monitoringSlotsWithinSlotGroup-r17 within a slot group of  slots and the same monitoring pattern within a slot group will be performed in consecutive  slot groups, where duration-r17=. It was also discussed that the slots indicated in the bitmap should be consecutive at least for Group (1) SSs. In our view, the same restriction should be applied to Group (2) SSs since it is unlikely that UE will monitor a Group (2) SS more than once in a slot group.


[bookmark: _Ref95217564]Proposal 2: For a search space set  configuration, UE is provided a PDCCH monitoring pattern within a slot group of size  slots indicating a duration of consecutive slots that a search set s exists by monitoringSlotsWithinSlotGroup-r17. The same monitoring pattern within a slot group will be performed in consecutive  slot groups indicated by duration-r17=.


 Another essential discussion to complete the multi-slot PDCCH monitoring design is how to extend the framework to multi-cell operation and how to specify the BD/CCE limit for multi-cell operation. To address those aspects, it is necessary to discuss whether the fixed pattern of slot groups is the same across CCs with (X,Y) multi-slot PDCCH monitoring configuration. Based on the RAN1 #106bis-e agreement 
· 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
it can be concluded that all the CCs with (X,Y) multi-slot PDCCH monitoring configuration share the same pattern of slot groups. 

[bookmark: _Ref92452325]Observation 1: All the CCs with the same subcarrier spacing  and same (X,Y) in multi-slot PDCCH monitoring configuration share the same pattern of slot groups

Consequently, it is natural to link the slot group notion in 480kHz or 960kHz and the slot notion in 120kHz, and it is desirable to reuse the multi-cell BD/CCE budget calculation method specified for slot-based PDCCH monitoring when determining the multi-cell BD/CCE budget calculation method for slot-group based PDCCH monitoring. That is, when the number of scheduled cells is less than or equal to the number of cells UE can support, UE is not required to monitor more than the BD/CCE limit per slot-group specified for a single cell on a DL BWP of scheduling cell. When the number of scheduled cells is larger than the number of cells UE can support, the multi-cell BD/CCE budget per slot group across CCs UE will follow can be derived based on the multi-cell BD/CCE budget calculation method specified for slot-based PDCCH.

[bookmark: _Ref92449674]Proposal 3: The Rel-15/16 multi-cell BD/CCE budget calculation method specified for slot-based PDCCH monitoring should be considered as the baseline for the multi-cell BD/CCE budget calculation for slot-group based PDCCH monitoring in 480kHz and 960kHz.



The other open issue is the location of the Y slots within a slot group of X slots across CCs. Compared with the fixed location of the Y slots within a slot group across CCs, non-aligned locations of Y slots can provide potential scheduling flexibility with the cost of less power saving. For example, without any restriction, it is possible that the monitoring slots in a cell with (X,Y) multi-slot PDCCH monitoring configuration might be close to the monitoring slots in another cell with the same (X,Y) multi-slot PDCCH monitoring configuration, which is illustrated in Figure 1. In this example, both CCs follow (X=4,Y=1) multi-slot PDCCH monitoring configuration and UE has to monitoring PDCCH in different slots across CCs without any chance of micro-sleep due to the non-aligned PDCCH monitoring pattern. On the other hand, if the PDCCH monitoring pattern is aligned across CCs, UE will monitor the same slots across CCs and improve PDCCH monitoring power consumption accordingly. 

[bookmark: _Ref92449676][bookmark: _Ref78902377][bookmark: _Ref68510864]Proposal 4: For multi-cell operation, UE can report a capability on whether the location of the Y slots within a slot group of X slots is maintained across CCs associated with (X,Y) configuration.

[image: ]
[bookmark: _Ref68527611]Figure 1 Example of non-aligned monitoring pattern across CCs 


3. Conclusion
In summary, we have the following proposals:
Proposal 1: For Rel-17 960kHz multi-slot PDCCH monitoring, only (X,Y)=(8,1) and (8,4) are supported in a Pcell.

Observation 1: All the CCs with the same subcarrier spacing  and same (X,Y) in multi-slot PDCCH monitoring configuration share the same pattern of slot groups

Proposal 2: For a search space set  configuration, UE is provided a PDCCH monitoring pattern within a slot group of size  slots indicating a duration of consecutive slots that a search set s exists by monitoringSlotsWithinSlotGroup-r17. The same monitoring pattern within a slot group will be performed in consecutive  slot groups indicated by duration-r17=.

Proposal 3: The Rel-15/16 multi-cell BD/CCE budget calculation method specified for slot-based PDCCH monitoring should be considered as the baseline for the multi-cell BD/CCE budget calculation for slot-group based PDCCH monitoring in 480kHz and 960kHz.

Proposal 4: For multi-cell operation, UE can report a capability on whether the location of the Y slots within a slot group of X slots is maintained across CCs associated with (X,Y) configuration.
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