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Introduction
In RAN#90-e [1], work scope of extending current NR operation to 71 GHz has been updated with the following PDCCH monitoring related objective:
· [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.
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 benefits, various use cases for 52.6 – 71 GHz are also envisioned. Among the envisioned use cases, 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 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.
In TS 38.213 [3], as shown in Tables 1 – 4, two types of limitations are defined for maximum number of monitored PDCCH candidates/non-overlapped CCEs. While Rel-15 limitation (i.e., Tables 1 and 3) defines maximum number of monitored PDCCH candidates/non-overlapped CCEs per slot, Rel-16 limitation (i.e., Tables 2 and 4) defines maximum number of monitored PDCCH candidates/non-overlapped CCEs per span which consists of span gap X and span duration Y. As slot durations for additional SCSs (e.g., 31.3 us for 480 kHz and 15.6 us for 960 kHz) are already short enough, limitation based on a span may not be needed for 52.6 – 71 GHz.
Table 1 Maximum number  of monitored PDCCH candidates per slot
	
	Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20



Table 2 Maximum number  of monitored PDCCH candidates in a span with (X,Y)
	
	Maximum number  of monitored PDCCH candidates per span for combination  and per serving cell 

	
	(2, 2)
	(4, 3)
	(7, 3)

	0
	14
	28
	44

	1
	12
	24
	36



Table 3 Maximum number  of non-overlapped CCEs per slot
	
	Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32





Table 4 Maximum number  of non-overlapped CCEs in a span with (X,Y)
	
	Maximum number  of non-overlapped CCEs per span for combination  and per serving cell 

	
	(2, 2)
	(4, 3)
	(7, 3)

	0
	18
	36
	56

	1
	18
	36
	56



Observation 3: As slot durations for additional SCSs (e.g., 31.3 us for 480 kHz and 15.6 us for 960 kHz) are already short enough, limitation based on a span may not be needed for 52.6 – 71 GHz.
Maximum number of monitored PDCCH candidates/non-overlapped CCEs per span is not needed for NR 52.6 – 71 GHz as high SCSs provide short slot durations and enough low latency. 
Proposal 3: For the existing limitations, it is preferred to define maximum numbers of PDCCH candidates/non-overlapped CCEs per slot for additional SCSs.
For multi-slot level monitoring, additional limitation should be additionally supported. One possible solution is to extend the existing limitations for Rel-15/16 for monitored PDCCH candidates/non-overlapped CCEs. For example, as UE receives an indication for monitoring capability type e.g., Rel-15 type (per slot) or Rel-16 type (per span) in PDCCH config, another configuration can be additionally supported in PDCCH-config with additional limitation tables as shown in Tables 5 – 6.
Table 5 Maximum number  of monitored PDCCH candidates in X slots
	
	Maximum number of monitored PDCCH candidates per X slots 
and per serving cell 

	5
	A

	6
	B



Table 6 Maximum number  of non-overlapped CCEs in X slots
	
	Maximum number of non-overlapped CCEs per X slots 
and per serving cell 

	5
	C

	6
	D



Observation 4: Existing method to indicate PDCCH monitoring type configuration and corresponding limitations can be reused to indicate multi-slot level PDCCH monitoring. 
Proposal 4: For multi-slot level monitoring, it is preferred to define new limitation tables for monitored PDCCH candidates/non-overlapped CCEs per multiple slots and introduce a configuration to indicate multi-slot level PDCCH monitoring in PDCCH-config.
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: As slot durations for additional SCSs (e.g., 31.3 us for 480 kHz and 15.6 us for 960 kHz) are already short enough, limitation based on a span may not be needed for 52.6 – 71 GHz.
Observation 4: Existing method to indicate PDCCH monitoring type configuration and corresponding limitations can be reused to indicate multi-slot level PDCCH monitoring. 
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: For the existing limitations, it is preferred to define maximum numbers of PDCCH candidates/non-overlapped CCEs per slot for additional SCSs.
Proposal 4: For multi-slot level monitoring, it is preferred to define new limitation tables for monitored PDCCH candidates/non-overlapped CCEs per multiple slots and introduce a configuration to indicate multi-slot level PDCCH monitoring in PDCCH-config.
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