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Introduction
In RAN1#104-e [1], following agreements on PDCCH monitoring enhancements were made:
	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



In this contribution, we discuss potential issues and associated standards impacts on PDCCH monitoring for new SCSs in 52.6 – 71GHz.
Discussions
During RAN study item on requirements for NR beyond 52.6 GHz [2], various benefits of 52.6 – 71 GHz such as high speed data rate, low latency and high capacity have been identified based on the enormous amount of available contiguous bandwidth. Based on the identified benefits, various use cases for 52.6 – 71 GHz are also envisioned and most of the use cases such as short-range high-data rate D2D, vertical industry factory application, IAB, Factory automation/IIoT, AR/VR, ITS/V2X and critical medical communication require low latency as a key requirement. However, if NR only supports multi-slot based PDCCH monitoring for efficient signaling, benefits from low latency possible use cases will be significantly reduced. 
Observation 1: For NR in 52.6 – 71 GHz, most of identified use cases require low latency as a key requirement, however, benefits from low latency and possible use cases significantly reduce if only multi-slot based PDCCH monitoring is supported. 
Proposal 1: Support both per-slot level monitoring and multi-slot level monitoring for transmission and reception.
In contrast to the existing SCS, per-slot level monitoring may lead to a more complex UE implementation considering reduced slot durations and UE processing time. Given that, it is desirable to have multi-slot level monitoring for general UE operations e.g., high data rate eMBB and per-slot level monitoring for UEs which require low latency. 
Observation 2: Per-slot level monitoring requires a more complex UE implementation due to reduced slot durations of additional SCSs and possibly UE processing time. 
Proposal 2: It is preferred to support multi-slot level monitoring for general UE operations and per-slot level monitoring for low latency operations.
While multi-slot based PDCCH monitoring for additional SCS enables efficient signaling, multi-slot based PDCCH monitoring also reduces PDCCH scheduling flexibility and benefits from low latency. In addition, based on FR2 NR with 120 kHz SCS, single slot based PDCCH monitoring has been already proven feasible in various practical implementations. 
Observation 3: Single slot based PDCCH monitoring has been already proven feasible in various practical implementations. 
Proposal 3: Multi-slot PDCCH monitoring is not supported for the existing SCS of 120 kHz.
In this section, we provide our views on the alternatives discussed for multi-PDCCH monitoring in RAN1#104-e [1]. 
· Alt-1: A fixed pattern of X slots. 
· In this alternative, UE considers multiple consecutive X slots as a slot group and monitors PDCCH within first Y slots. This alternative may not be relatively efficient than Alt-2 and Alt-3, however, actual implementation of UE PDCCH monitoring will be similar to UE PDCCH monitoring with 120 kHz SCS, if X=4 for 480 kHz SCS and X=8 960 kHz and Alt-1 leads to simplest enhancements to support multi-slot PDCCH monitoring. 
· Alt-2: Use a span (X,Y) similar to the Rel-16 capability (pdcch-Monitoring-r16, (X,Y) span) as the baseline to define the new capability
· In this alternative, UE monitors PDCCH by using a span with (X,Y) similar to Rel-16 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. The specification impact may be relatively smaller, however, UE implementation may be relatively complex if the UE needs to support multiple applicable values for combination (X,Y) and dynamic adaptation on (X,Y) to efficiently utilize the span concept for multi-slot PDCCH monitoring (e.g., switching between small Y and large Y).
· Alt-3: A sliding window of X=Y slots for defining multi-slot PDCCH monitoring capability
· In this alternative, UE monitors PDCCH by using X-slot sliding window. The sliding window based PDCCH monitoring may distribute PDCCH processing loads over multiple slots. However, if UE-specific slot offsets are applied to Alt-1, degree of distribution on PDCCH processing load is doubted in network’s point of view. 
Observation 4: A fixed pattern of X slots (Alt-1) provides simplest PDCCH monitoring similar to UE PDCCH monitoring with 120 kHz SCS while span based monitoring (Alt-2) and sliding window based monitoring (Alt-3) may achieve more efficient PDCCH monitoring with more complex UE implementation.
Proposal 4: It is preferred to support a fixed pattern of X slots (Alt-1).
Proposal 5: If needed, additionally consider one of span based monitoring or sliding window based monitoring for 480 kHz and 960 kHz.

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: For NR in 52.6 – 71 GHz, most of identified use cases require low latency as a key requirement, however, benefits from low latency and possible use cases significantly reduce if only multi-slot based PDCCH monitoring is supported. 
Observation 2: Per-slot level monitoring requires a more complex UE implementation due to reduced slot durations of high SCSs and possibly UE processing time. 
Observation 3: Single slot based PDCCH monitoring has been already proven feasible in various practical implementations. 
Observation 4: A fixed pattern of X slots (Alt-1) provides simplest PDCCH monitoring similar to UE PDCCH monitoring with 120 kHz SCS while span based monitoring (Alt-2) and sliding window based monitoring (Alt-3) may achieve more efficient PDCCH monitoring with more complex UE implementation.
Proposal 1: Support both per-slot level monitoring and multi-slot level monitoring for transmission and reception. 
Proposal 2: It is preferred to support multi-slot level monitoring for general UE operations and per-slot level monitoring for low latency operations.
Proposal 3: Multi-slot PDCCH monitoring is not supported for the existing SCS of 120 kHz.
Proposal 4: It is preferred to support a fixed pattern of X slots (Alt-1).
Proposal 5: If needed, additionally consider one of span based monitoring or sliding window based monitoring for 480 kHz and 960 kHz.
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