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Introduction
In RAN1#106-e [2], following agreements on PDCCH monitoring enhancements were made:
	Agreement:
For reporting the multi-slot PDCCH monitoring capability, at least the following values are supported:
· X=4 slots for SCS 480 kHz
· X=8 slots for SCS 960 kHz

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

Agreement:
· A UE supporting 480 kHz SCS supports multi-slot PDCCH monitoring for 480 kHz SCS.
· A UE supporting 960 kHz SCS supports multi-slot PDCCH monitoring for 960 kHz SCS.
· FFS: whether to apply multi-slot PDCCH monitoring at all times and for all search spaces.



In this contribution, we discuss potential issues and associated standards impacts on PDCCH monitoring for new SCSs in 52.6 – 71GHz.
Discussions
In this section, we provide our views on the alternatives discussed for multi-PDCCH monitoring in RAN1#104bis-e [1] and RAN1#106-e [2]. 
· Alt-1: A fixed pattern of X slot groups. 
· In this alternative, UE considers multiple consecutive X slots as a slot group and monitors PDCCH within first Y slots. For Alt-1, actual UE implementation of PDCCH monitoring will be similar to UE PDCCH monitoring with 120 kHz SCS, especially if X=4 for 480 kHz SCS and X=8 960 kHz SCS. Some companies pointed out that there may be some potential issues for distributing/processing loads due to fixed slot group, however, we couldn’t identify significant issues as an actual time duration of a slot group is identical with a slot duration of 120 kHz if X=4 for 480 kHz SCS and X=8 kHz SCS are supported.
· Alt-2: Use a span (X,Y) similar to the Rel-16 capability (pdcch-Monitoring-r16, (X,Y) span) as a baseline to define the new capability
· In this alternative, UE monitors PDCCH by using a span with (X,Y) similar to Rel-16 eURLLC capability. Rel-16 span based monitoring supports based on a span (X,Y) with X symbols of the minimum time separation between the two consecutive spans and Y symbols of the maximum duration of the span. Possible enhancement to support multi-PDCCH monitoring would be introduction of X and/or Y as slots to apply the span concept for multi-slot PDCCH monitoring. In contrast to Alt-1, Alt-2 has advantages that gNB may allow different PDCCH monitoring pattern in every slot groups with relatively smaller specification impact. However, UE implementation may be relatively complex if the UE needs to support multiple applicable values for combination (X,Y) and dynamic adaptation of (X,Y) to efficiently utilize the span concept for multi-slot PDCCH monitoring (e.g., switching between small Y and large Y). For eURLLC UEs, such flexibility with complex UE implementation may not be a problem, however, for general eMBB UEs in 52.6-71GHz, the complex UE implementation may be problematic.
· Alt-3: A sliding window of X=Y slots for defining multi-slot PDCCH monitoring capability
· Alt-3 is an enhanced method of Alt-1 by introducing a sliding window instead of a fixed slot group. In this alternative, UE slides its monitoring window by 1 slot. The sliding window based PDCCH monitoring may allow distribution of PDCCH processing loads over multiple slots. However, considering the short time duration of a slot group for 480/960 kHz SCSs, benefits from distribution on PDCCH processing load are doubted. 
Observation 1: A fixed pattern of X slots (Alt-1) provides the simplest multi-slot PDCCH monitoring scheme which is similar to UE PDCCH monitoring of 120 kHz SCS. 
Observation 2: Span based monitoring (Alt-2) may provide different PDCCH monitoring patterns in every slot, however, requires more complex UE implementation. 
Observation 3: Given the short slot duration of 480 kHz and 960 kHz, benefits of distributing the monitoring/processing loads by supporting sliding windows (Alt 3) are doubted. 
Proposal 1: For 480 kHz SCS and 960 kHz SCS, support of Alt 1 is preferred for multi-slot PDCCH monitoring.
Proposal 2: Additional need of span based monitoring (Alt-2) should be carefully investigated for 480 kHz and 960 kHz.
Proposal 3: Sliding window based monitoring (Alt-3) is not supported in Rel-17. 
In RAN1#106-e [2], supports of at least X=4 slots and X=8 slots are agreed for 480 kHz and 960 kHz, respectively. In our view, support of various PDCCH slot monitoring capability provides better flexilibty considering various verticals and UE implementations for higher frequency. Especially, per slot PDCCH monitoring is one of the important use cases to support reduced latency as clarified in TR [3]. To avoid complex UE implementation issues as much as possible, it is preferred to support X=4 slots for 480 kHz and X=8 for 960 kHz as a mandatory UE capability while other X values can be indicated as a UE capability. For the candidate values of X, it is preferred to support , where N=0,1 and 2 for 480 kHz and N=0,1,2 and 3 for 960 kHz.
Observation 4: Support of various PDCCH slot monitoring capability provides better flexibility considering various verticals and UE implementations for higher frequency. 
Proposal 4: For the candidate values of X, it is preferred to support X=2^N, where N=0,1 and 2 for 480 kHz and N=0,1,2 and 3 for 960 kHz. 
For Alt-1, following issues were raised for further discussion:
· Whether a slot group is aligned with a slot boundary
· In RAN1#106-e [2], some companies argued that more flexibility can be achieved if UE support a slot group boundary which is not mandated to start from a slot boundary. In our view, the flexible slot boundary may provide more flexibility, however, benefits from the flexibility are not clear given the short symbol/slot durations in 480 kHz and 960 kHz. Having said that, it is preferred to support a slot group which starts from a slot boundary to reuse existing UE implementation as much as possible. 
· Restrictions on location of the Y slots within a slot group, e.g., whether to restrict the location of a SS to be within a slot group.
· In Rel-15 UE capability [5], following PDCCH monitoring occasions are defined:
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot.
· For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within a slot.
· Based on the above PDCCH monitoring occasions, following values can be used for Y:
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion can be 1 slot for 480 kHz SCS and 2 slots for 960 kHz SCS, respectively.
· For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot group, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations.
· Further study may be needed on how to change the condition ‘within a single span of three consecutive OFDM symbols within a slot’ to a slot group.
Observation 5: Flexible slot boundary may provide more flexibility, however, benefits from the flexibility are not clear given the short symbol/slot durations in 480 kHz and 960 kHz.
Proposal 5: For a slot group in Alt 1, a slot group starts from a slot boundary.
Proposal 6: For the values of Y, following PDCCH monitoring occasions are supported:
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion can be 1 slot for 480 kHz SCS and 2 slots for 960 kHz SCS, respectively.
· For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot group, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations.
· Further study may be needed on how to change the condition ‘within a single span of three consecutive OFDM symbols within a slot’ to a slot group.
Summary
In this contribution, we discussed the issues for PDCCH monitoring enhancements of NR in 52.6 – 71 GHz. From the discussions, we made following observations and proposals: 
Observation 1: A fixed pattern of X slots (Alt-1) provides the simplest multi-slot PDCCH monitoring scheme which is similar to UE PDCCH monitoring of 120 kHz SCS. 
Observation 2: Span based monitoring (Alt-2) may provide different PDCCH monitoring patterns in every slot, however, requires more complex UE implementation. 
Observation 3: Given the short slot duration of 480 kHz and 960 kHz, benefits of distributing the monitoring/processing loads by supporting sliding windows (Alt 3) are doubted. 
Observation 4: Support of various PDCCH slot monitoring capability provides better flexibility considering various verticals and UE implementations for higher frequency. 
Observation 5: Flexible slot boundary may provide more flexibility, however, benefits from the flexibility are not clear given the short symbol/slot durations in 480 kHz and 960 kHz.

Proposal 1: For 480 kHz SCS and 960 kHz SCS, support of Alt 1 is preferred for multi-slot PDCCH monitoring.
Proposal 2: Additional need of span based monitoring (Alt-2) should be carefully investigated for 480 kHz and 960 kHz.
Proposal 3: Sliding window based monitoring (Alt-3) is not supported in Rel-17. 
Proposal 4: For the candidate values of X, it is preferred to support X=2^N, where N=0,1 and 2 for 480 kHz and N=0,1,2 and 3 for 960 kHz. 
Proposal 5: For a slot group in Alt 1, a slot group starts from a slot boundary.
Proposal 6: For the values of Y, following PDCCH monitoring occasions are supported:
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion can be 1 slot for 480 kHz SCS and 2 slots for 960 kHz SCS, respectively.
· For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot group, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations.
· Further study may be needed on how to change the condition ‘within a single span of three consecutive OFDM symbols within a slot’ to a slot group.
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