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1 Introduction

In RAN1 #104b-e meeting, the following agreements on PDCCH monitoring were made for NR 52.6-71GHz [1]:
Agreement:
Previous agreement is modified as follows:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability

· 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 [symbols or slots] in each slot group separately

· FFS: Supported values/constraints of X and Y, e.g. Y<=X, Y=X

· FFS: Restrictions on location of the Y [symbols or slots] within a slot group, e.g. the Y [symbols or slots] always start at the first slot within a slot group

· FFS: Further definition of capabilities

· Alt 2: Use an (X, Y) span as the baseline to define the new capability

· X is the minimum time separation between the start of two consecutive spans
· The capability indicates the BD/CCE budget within a span of at most Y consecutive [symbols or slots] 

· Y <= X

· FFS: Exact values of X and Y and units in which they are defined (e.g., symbols, slots), including cases where a span is longer than one slot or crosses a slot boundary. 

· FFS: What is a span pattern, how it is defined and whether it is supported. If it is supported, whether number of slots within which the span pattern is repeated is needed, and if needed, the value of the number of slots. 

· FFS: Further definition of capabilities

· Alt 3: Use a sliding window of X slots as the baseline to define the new capability. 

· The capability indicates the BD/CCE budget within the sliding window

·  The sliding unit of the sliding window is [1] slot.

· FFS: Further definition of capabilities

· Specific numbers for X, Y may depend on UE capability and gNB configuration

· Examples: 

· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS

Conclusion:

For 120 kHz SCS, no multi-slot UE capability for PDCCH monitoring is needed.
Agreement:
For 120 kHz SCS in 52.6-71 GHz, the BD/CCE budget is the same as that for 120 kHz in FR2.

In this contribution, we present the discussion on the PDCCH monitoring enhancement for NR operating on 52.6-71GHz including Blind decoding/CCE budget, multi-slot span monitoring and some other enhancements are discussed.  
2 Discussion
2.1 Blind decoding/CCE budget
The blind detection/CCE budget for SCS 15 kHz ~ 120 kHz is defined in current spec. For the newly supported SCS 480 kHz and 960 kHz, the PDCCH monitoring capability should also be defined following the same rule from the PDCCH candidate numbers and non-overlapped CCE numbers aspects.

It may be not necessary to support 120/480/960 KHz for NR 52.6-71GHz especially considering the complexity for high speed processing for 480/960 kHz. Since 120 kHz is already supported in FR1/2, it is backward compatible to support 120 kHz as a default/ mandatory SCS and 480/960 kHz as optional. 
It is agreed that for the SCS 120 kHz, no multi-slot UE capability for PDCCH monitoring is needed. However, for SCS 480 kHz and 960 kHz, multi-slot PDCCH monitoring should be supported to avoid hurting the flexibility. The supported number of slots for multi-slot PDCCH monitoring for SCS 480 kHz and 960 kHz should be 4 and 8 respectively as the baseline. 
Proposal 1: The supported number of slots for multi-slot PDCCH monitoring for SCS 480 kHz and 960 kHz should be 4 and 8 respectively as the baseline.
2.2 Multi-slot PDCCH monitoring capability
Three alternatives for defining the multi-slot PDCCH monitoring capability are proposed in R1 #104-e meeting and updated in RAN1 #104b-e meeting. Alt1 is a fixed pattern of N slots. From our understanding, Alt1 also implies that within the N slots, M(M<=N) slot(s) that can be configured with PDCCH. And the relative location of the M slot(s) is fixed within the N slots. Alt1 is a very simple and concise design since it is a fixed pattern. And meanwhile, for a certain N value, by configuring a proper M value, gNB can easily control the PDCCH resource overhead.
Alt2 is to use the Rel-16 capability (pdcch-Monitoring-r16, (X, Y) span) as the baseline. In R16 URLLC, PDCCH monitoring span (X,Y) is defined as number of consecutive symbols in a slot where the UE is configured to monitor PDCCH. Each PDCCH monitoring occasion is within one span. If a UE monitors PDCCH on a cell according to combination (X,Y), the UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including across slots. A span starts at a first symbol where a PDCCH monitoring occasion starts and ends at a last symbol where a PDCCH monitoring occasion ends, where the number of symbols of the span is up to Y.
With some little modification, for example, change the unit of X/Y from symbol to slot, a multi-slot PDCCH monitoring span can be defined based on pdcch-Monitoring-r16, (X, Y) span. That is a span contains at least X slots and the PDCCH monitoring occasion are located in the first Y slots within the at least X slots. 
From our opinion, in essence Alt2 is very similar to Alt1, except the span separation X is a minimum value instead of a fixed value. But considering search space set is periodical, we don’t think there is a need to change the span separation X.

Alt 3 is to use a sliding window of N slots for defining multi-slot PDCCH monitoring capability, and increments in which sliding occurs can be further studied. Some companies think a sliding window can provide more flexibility to gNB/UE. But our opinion is, PDCCH monitoring capability is a capability that related to UE hardware, and is supposed to be fixed, at least semi-static. Currently we don’t see the justification to have a flexible multi-slot PDCCH monitoring capability definition.
Proposal 2: Support Alt1, a fixed pattern of N slots to define multi-slot PDCCH monitoring capability. And within the N slots, M (M<=N) slot(s) can be configured with PDCCH monitoring.
2.3 Other enhancements
Search space set group switching is introduced in R16 NR-U for power saving propose and group switching time  [image: image2.png]Pevvitch



 is defined for SCS 15-60 kHz. To facilitate unlicensed band operation for NR 52.6-71GHz, group switching time  [image: image4.png]Pevvitch



  should also be defined for 120/480/960kHz 
Proposal 3: Search space set group switching time [image: image5.png]Pevvitch



 should be defined for 120/480/960kHz.
The maximum search space periodicity in current spec is 2560 slots, and with SCS increased to 960kHz, the absolute time of the maximum search space periodicity will be decreased by 8 times. So new periodicity parameters may need to be introduced for the new SCSs, as well as the search space offset/duration parameters.
Proposal 4: New search space periodicity parameters, as well as the search space offset/duration parameters, may need to be introduced for the new SCSs.
3 Conclusions

In this contribution, we focus on PDCCH monitoring enhancement for NR operating on 52.6-71GHz. Blind decoding/CCE budget, multi-slot span monitoring and some other enhancements are discussed.  
Proposal 1: The supported number of slots for multi-slot PDCCH monitoring for SCS 480 kHz and 960 kHz should be 4 and 8 respectively as the baseline.
Proposal 2: Support Alt1, a fixed pattern of N slots to define multi-slot PDCCH monitoring capability. And within the N slots, M (M<=N) slot(s) can be configured with PDCCH monitoring.
Proposal 3: Search space set group switching time [image: image6.png]Pevvitch



 should be defined for 120/480/960kHz.

Proposal 4: New search space periodicity parameters, as well as the search space offset/duration parameters, may need to be introduced for the new SCSs.
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