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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN # 90 the extensions to WI [1] for NR operation up to 71GHz were approved. According to [1] RAN1 should define:
“Physical layer procedure(s) including [RAN1]:
· [bookmark: _Hlk58595024]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.

Discussion
One main argument for PDCCH monitoring enhancement for beyond 52.6GHz to 71GHz band was the power consumption reduction. For higher SCS, if the PDCCH monitoring is executed as per slot-basis, the UE wakeups too often, which leads to additional power consumption with respect to lower SCS case. The proposed solutions for this problem in RAN1 were to increase the span of PDCCH monitoring to a larger duration than the slot. Few such specific solutions were selected for further discussion, where the selection is presented in the following agreement reached in RAN1 #104-e [2]:
 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

A visualization of the proposed solutions is presented in the following Figure 1. The Alt 2 is an extension of the existing solution where the span duration and the span repetitions are larger than a slot duration. The Alt 3 basically is the same as Alt 2, where the sliding window step increment is equivalent to the slot span repetition.  Alt2 and Alt3 are reduced to Alt 1 when the span duration (sliding window duration) and the span repetition (sliding window increment step) are equal to N. Therefore, Alt 2 and Alt 1 are more flexible solutions. 
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Figure 1
Proposal 1: Use the Rel-16 capability (pdcch-Monitoring-r16, (X, Y) span) as the baseline to define the new capability.
In RAN1 #104-e discussions most companies supported the PDCCH monitoring enhancements only for SCS larger than 120 kHz. In other words, RAN1 companies did not see reasons to have multi-slot PDCCH monitoring capability for 120kHz SCS, which is the only SCS mandated so far for beyond 52.6GHz to 71 GHz spectrum. 
Proposal 2: For 120 kHz SCS, no UE multi-slot capability for monitoring for PDCCH is needed. 
The Proposal 2 implies that the maximum span duration for SCS 120kHz is one slot, which is equal to the duration of 4 slots for SCS 480kHz and 8 slots for SCS 480kHz. Thus, to be consistent with the maximum monitoring span duration at 120 kHz SCS, the maximum span durations for 480 kHz SCS and 960 kHz SCS should be 4 slots and respectively 8 slots i.e. 125 us.
Proposal 3: The maximum multi-slot PDCCH monitoring span durations supported for 480 kHz SCS and 960 kHz are 4 slots and respectively 8 slots.
The RAN1 discussions were not conclusive on the minimum durations for multi-slot PDCCH monitoring at higher SCS. At this time, we do not see reasons to support a shorter PDCCH monitoring span durations at higher SCS than those already allowed. 3GPP supports (2, 2), (4, 3) and (7, 3) as the monitoring span for SCS of 15 kHz and 30 kHz. A 2-symbol span duration at 30 kHz corresponds to 32 symbols at 480 kHz and 64 symbols at 960 kHz SCS, which implies that the shortest monitoring span durations should be 2 slots at 480 SCS, and 4 slots at 960 kHz SCS.
Proposal 4: Consider the following values for PDCCH monitoring span durations for 480 kHz {2,4} slots, and for 960 kHz {4,8} slots.
We note that the above proposal excludes the single slot monitoring for higher SCS.
The maximum number of symbols available for a PDCCH occasion (CORESET) supported in NR is 3 symbols [3], TS 38.211, Clause 7.3.2.2. Moreover, in Beyond 52 WID [1] was explicitly mentioned that the increased UL coverage is not part of WID scope. Therefore, we have the following proposals:
Proposal 5: For Beyond 52.6 GHz band, Rel-17 does not need to improve coverage or reliability of PDCCH compared to Rel-15/16 solutions.

Other design elements for multi-slot PDCCH monitoring to be decided are the maximum number of non-overlapped CCEs per slot and in a span combination (X,Y).   
Table 10.1-3 in TS 38.213 [4] provides the maximum number of non-overlapping CCEs per slot and it can be considered as basis for the extension at higher SCS. For SCS 120 kHz, the table indicates that the maximum of non-overlapping CCEs for one slot is 32.  The slot duration at 120 kHz SCS (125us) corresponds to the maximum span durations for higher SCS, thus, the number (32) for the maximum number of non-overlapping CCEs per span may be used as starting point of the discussion for higher SCS.
We note that Table 10.1-3 suggests that the number of non-overlapping CCEs are increasing with the slot duration increase, therefore for shorter than maximum span durations, the number of non-overlapping CCEs should be decreased without sacrificing the scheduling flexibility.
[bookmark: _Ref129681832]   
Conclusion
Proposal 1: Use the Rel-16 capability (pdcch-Monitoring-r16, (X, Y) span) as the baseline to define the new capability.
Proposal 2: For 120 kHz SCS, no UE multi-slot capability for monitoring for PDCCH is needed. 
Proposal 3: The maximum multi-slot PDCCH monitoring span durations supported for 480 kHz SCS and 960 kHz are 4 slots and respectively 8 slots.
Proposal 4: Consider the following values for PDCCH monitoring span durations for 480 kHz {2,4} slots, and for 960 kHz {4,8} slots.
Proposal 5: For Beyond 52.6 GHz band, Rel-17 does not need to improve coverage or reliability of PDCCH compared to Rel-15/16 solutions.
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