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1. Introduction
In this contribution, we continue discussing the multi-slot PDCCH monitoring design and PDCCH reliability and coverage enhancements. 
2. Discussion
2.1. Multi-slot PDCCH monitoring
In last RAN1#106-e meeting, the following agreements were concluded [1]. In this section we analyze the necessary leftover details needed to be completed before the multi-slot PDCCH monitoring capacity being accomplished. 
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

Alt-1 analysis
The Alt-1 intends to define a fixed slot group pattern as shown in Fig. 1, then the UE monitoring capability is based on the Y interval within the slot group pattern. There are some issues discussed in the last meeting: 1) whether the UE blockage issue will occur in Alt-1. This issue comes from the assumption that the slot group pattern is a cell-specific pattern and the Y interval is restricted to the limited beginning of the slot group. 
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Fig. 1: cell-specific slot group pattern and Y location restriction will cause UE blockage issue
This issue can be relieved slightly by allowed flexibly allocated the Y interval in the slot group, where the Y interval can be determined directly from search space set configuration. At the same time the interval Y should not be too small in order to have some overlapped part between UEs in order to ensure that common search space can be configured for the UEs. 
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Fig. 2: UE blockage issue can be relieved if the Y can be allocated flexibly within slot group

On the other hand, by increasing the Y duration, it inevitably reduces the potential benefits of power consumption, e.g. short cycle sleep. Another option is to allow UE-specific slot group pattern, where the slot group can be defined in UE specific manner as shown in Fig. 3. The advantage of this option is to avoid further discussions about the location of Y and the Y can be restricted to start from the boundary of the slot group. 
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Fig. 3: UE-specific slot group pattern.
Observation 1: if Alt-1 is adopted, RAN1 should further discuss the followings:
· Whether slot group is UE-specific or cell-specific

· If slot group is cell-specific, how to flexibly allow Y location within slot group

· Y length choices

Alt-2 analysis
For Alt-2, it reuses the R16 span framework, the Y location is determined directly from the search space set configuration, which implies that the Y location is defined in a UE-specific manner. Therefore, RAN1 does not need to spend further discussion on the location of Y. 

Observation 2: if Alt-2 is adopted, RAN1 can reuse the R16 span framework and RAN1 does not need to further discuss the location of Y restriction. 

Observation 3: Both Alt-1 and Alt-2 are workable alternatives. But it seems that Alt-2 can save quite a lot of further discussions as it reuses R16 framework. Given the limited remaining time before R17 frozen deadline, we suggest that RAN1 can go with Alt-2. 

Proposal 1: Adopt Alt-2 span framework to define multi-slot PDCCH monitoring capability. 

2.2. PDCCH reliability and coverage enhancement

With the introduction of 480 kHz and 960 kHz for data and control transmission in the high frequency range, compared to existing SCS, the symbols become much shorter and the frequency range will be much larger for a given CORESET configuration. Figure 1 compares the CORESET configuration of {12RBs, 2symbols} for 120kHz and 480kHz respectively. 
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Figure 1: CORESET configuration of {12RBs, 2symbols} for 120kHz and 480kHz
From Figure 1, it can be observed that to keep same CORESET configurations and same PDCCH candidates being monitored, compared to 120kHz SCS, the coverage of PDCCH transmission would be impacted due to the reduced transmission duration, and UE is required to estimate much higher frequency range with the SCS of 480kHz. While the maximum number of non-overlapped CCEs would be smaller for 480kHz SCS than 120kHz SCS. The difference would be much larger if 120kHz and 960kHz SCSs are compared. Therefore, enhancements to CORESET configuration, i.e., reducing CORESET RBs and increasing CORESET symbols for a given higher SCS, seem beneficial. 

Proposal 2: CORESET configuration with less RBs and more symbols for 480kHz and 960kHz SCS should be supported. 
3. Conclusion

This contribution discusses the potential enhancements to PDCCH monitoring. The following proposals are made. 
Observation 1: if Alt-1 is adopted, RAN1 should further discuss the followings:

· Whether slot group is UE-specific or cell-specific

· If slot group is cell-specific, how to flexibly allow Y location within slot group

· Y length choices

Observation 2: if Alt-2 is adopted, RAN1 can reuse the R16 span framework and RAN1 does not need to further discuss the location of Y restriction. 
Observation 3: Both Alt-1 and Alt-2 are workable alternatives. But it seems that Alt-2 can save quite a lot of further discussions as it reuses R16 framework. Given the limited remaining time before R17 frozen deadline, we suggest that RAN1 can go with Alt-2. 

Proposal 1: Adopt Alt-2 span framework to define multi-slot PDCCH monitoring capability. 

Proposal 2: CORESET configuration with less RBs and more symbols for 480kHz and 960kHz SCS should be supported. 
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