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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. Our views on those aspects are as follows.   

2. [bookmark: _Ref494794648]PDCCH monitoring enhancement

For new SCSs 480 kHz and 960kHz, three alternatives of multi-slot monitoring frameworks have been updated in RAN1 #104bis-e meeting for further discussion and Alt1 framework is further updated 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
 
One remaining discussion is whether and how to restrict PDCCH monitoring in a consecutive Y slots within a slot group of X slots. In RAN1 #106bis e meeting, there was a discussion on the feasibility of Type-0 PDCCH configuration under Alt1 framework for UEs located within different gNB TX beams and for UEs moving to different gNB TX beams. In particular, for a UE moving into different TX beams from gNB perspective, the UE can be configured to monitor Type-0 CSS in different time domain occasions, which might not be confined within a fixed Y consecutive slots within a slot group together with other SS sets. Our view on the issue is as follows.
First of all, we would like to clarify that the above changing monitoring occasions behavior associated with UE mobility is only applied to the case when searchSpaceID=0 for Type-0 CSS. If searchSpaceID is not zero for Type-0 CSS, there is no need to change monitoring occasion for Type-0 CSS associated with UE mobility. Secondly, to address the issue when searchSpaceID=0 for Type-0 CSS, two alternatives can be considered under the framework of the same fixed pattern of slot groups:

Alternative 1) The location of the Y slots within the X slots is fixed across slot groups and Type-0 CSS configuration needs to be revised accordingly.
Alternative 2) The location of the Y slots within the X slots is fixed across slot groups and Type-0 CSS monitoring can be located outside the Y slots.

From UE perspective, Alternative 1) is preferred due to the benefit of power saving and restriction on the back-to-back monitoring. The consequence of adopting Alternative 1) is the Type-0 CSS monitoring revision. However, one simple modification to limit spec impact is simply changing the monitoring slot index formula in TS 38.213 Clause 13 to  where X =4 or 8 for 480kHz and 960kHz, respectively. On the other hand, Alternative 2) has less spec impact on Type-0 CSS monitoring at the cost of UE PDCCH monitoring complexity compared to Alternative 1). 

[bookmark: _Ref86934693]Proposal 1: For restrictions on PDCCH monitoring within a slot group, adopt one of the following alternatives
· Alternative1: The location of the Y slots within a slot group of X slots is fixed across slot groups
· BD/CCE budget is defined per Y slots within a slot-group
· FFS: search space sets with searchSpaceID=0 configuration modification, e.g., revising monitoring slot index to be 
· Alternative 2: The location of the Y slots within a slot group of X slots is fixed across slot groups and search space sets with searchSpaceID=0 monitoring can be located outside the Y slots.
· BD/CCE budget is defined per slot-group of X slots


One 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 extend the multi-slot PDCCH monitoring to multi-cell operation, it is necessary to discuss whether the fixed pattern of slot groups and the location of the Y slots within the X slots are the same across CCs with (X,Y) multi-slot PDCCH monitoring configuration. Based on the current agreement, all the CCs with (X,Y) multi-slot PDCCH monitoring configuration share the same pattern of slot groups in order to simplify the design. As for the location of the Y slots within a slot group of X slots, 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 complicating the BD/CCE limit distribution when multi-cell operation is considered. For example, 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 the BD/CCE limit assigned to monitoring slots M1_2 in CC#1 and M2_1 in CC#2 need to acknowledge UE monitoring capability on monitoring the back to back slots. Therefore, to complete the design, the multi-cell monitoring capability need to be carefully discussed. On the other hand, the fixed location of the Y slots across CCs have benefit on BD/CCE limit determination for CA operation, which expedites BD/CCE budge assignment from gNB perspective and facilitates PDCCH candidate dropping determination at UE side. Furthermore, the aligned PDCCH monitoring pattern across CCs can further improve PDCCH monitoring power consumption compared with the non-aligned PDCCH monitoring pattern. 

[bookmark: _Ref78902377][bookmark: _Ref68510864]Proposal 2: For multi-cell operation, the location of the Y slots within a slot group of X slots is maintained across CCs associated with (X,Y) configuration.
· BD/CCE limit for multi-cell operation is defined within a slot group of X slots across all the CCs

[image: ]
[bookmark: _Ref68527611]Figure 1 Example of non-aligned monitoring pattern across CCs in Alt2

Regarding the candidate values of (X,Y), at least X=4 slots and X=8 are agreed to be supported for multi-slot PDCCH monitoring in 480 kHz and 960kHz, respectively. To facilitate the discussion, we suggest to prioritize the discussion of Y values for the cases of X=4 slots for 480kHz and X=8 for 960kHz and we suggest at least Y=1 should be supported to achieve UE power saving. For other values of (X,Y), if needed, we prefer to have an UE capability to address the trade-off between UE implementation complexity and gNB scheduling flexibility.

[bookmark: _Ref86934782]  Proposal 3: To achieve UE power saving in multi-slot monitoring, at least (X=4 slots, Y=1 slot) and (X=8 slots, Y=1 slot) should be supported for multi-slot PDCCH monitoring in 480 kHz and 960kHz, respectively. For other pairs of (X,Y), if needed, optional UE capability should be introduced. 

3. Conclusion
In summary, we have the following proposals:
Proposal 1: For restrictions on PDCCH monitoring within a slot group, adopt one of the following alternatives
· Alternative1: The location of the Y slots within a slot group of X slots is fixed across slot groups
· BD/CCE budget is defined per Y slots within a slot-group
· FFS: search space sets with searchSpaceID=0 configuration modification, e.g., revising monitoring slot index to be 
· Alternative 2: The location of the Y slots within a slot group of X slots is fixed across slot groups and search space sets with searchSpaceID=0 monitoring can be located outside the Y slots.
· BD/CCE budget is defined per slot-group of X slots
Proposal 2: For multi-cell operation, the location of the Y slots within a slot group of X slots is maintained across CCs associated with (X,Y) configuration.
· BD/CCE limit for multi-cell operation is defined within a slot group of X slots across all the CCs
[bookmark: _GoBack]Proposal 3: To achieve UE power saving in multi-slot monitoring, at least (X=4 slots, Y=1 slot) and (X=8 slots, Y=1 slot) should be supported for multi-slot PDCCH monitoring in 480 kHz and 960kHz, respectively. For other pairs of (X,Y), if needed, optional UE capability should be introduced.
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