[bookmark: _Hlk7194408]3GPP TSG RAN WG1 Meeting #104-e			     R1-2101606
Electronic Meeting, January 25th – February 5th, 2021

Source:	NTT DOCOMO, INC.
Title:	PDCCH monitoring enhancements for NR from 52.6 to 71 GHz
[bookmark: Source]Agenda Item:	8.2.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN#90-e meeting, a work item description [1] on supporting NR from 52.6 GHz to 71 GHz was approved, which includes the following objective: 
	Physical layer aspects including [RAN1]:
· In addition to 120 kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
…
· 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 the impact on PDCCH monitoring with 480 and 960 kHz SCSs to support NR from 52.6 GHz to 71 GHz.
2. PDCCH monitoring enhancement
2.1. PDCCH monitoring/processing unit
According to 38.213, the maximum number of monitored PDCCH candidates and non-overlapped CCEs are defined per slot as shown in table 10. 1-2, 10.1-3, and per span, which is shorter unit than a slot length, with combination (X, Y) [2]. These limitation values get smaller as a SCS gets larger as such limitation depends on absolute time duration of a unit. Thus, it is expected that these values need to decrease further when using higher SCSs such as 480 kHz and 960 kHz if the definition of unit remains the same (e.g., 1 slot or smaller). The maximum number of CCEs can be less than 16 and even one PDCCH candidate with aggregation level 16 in a slot cannot be available. This may cause the shortage of PDCCH resources and result in the low PDCCH detection performance. Also, UE may not be able to monitor different DCI formats if the number of PDCCH candidates excessively decreases.

Therefore, to avoid such excessive reduction of PDCCH processing limitation values, the limitation should be defined per longer time duration than a slot. In such case, limitation values can be reasonable when PDCCH monitoring is performed with more than one slot periodicity. 

Table 10.1-2 in TS 38.213: Maximum number [image: ] of monitored PDCCH candidates per slot for a DL BWP with SCS configuration [image: ] for a single serving cell
	[image: ]
	Maximum number of monitored PDCCH candidates per slot and per serving cell [image: ]

	0
	44

	1
	36

	2
	22

	3
	20



Table 10.1-3 in TS 38.213: Maximum number [image: ] of non-overlapped CCEs per slot for a DL BWP with SCS configuration [image: ] for a single serving cell
	[image: ]
	Maximum number of non-overlapped CCEs per slot and per serving cell [image: ]

	0
	56

	1
	56

	2
	48

	3
	32



Proposal 1: PDCCH processing limitation values should be defined per longer time duration than a slot to avoid excessive reduction of PDCCH processing limits.

2.2. Related UE capability for PDCCH processing
In 38.822 [3], UE feature group 3-1 for basic DL control channels is specified as mandatory without capability signaling. Based on the following description in feature group 3-1, any UE has to be capable of monitoring/processing PDCCH in every slot.
- Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
- Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD

If the capability is kept as mandatory for UE to work with larger SCS in 52.6 – 71 GHz band, a UE needs to be capable of monitoring PDCCH in every shorter period. For example, with 480 kHz SCS, it needs to support PDCCH monitoring/processing in every 31.3 usec, which is only one-fourth of the one with 120 kHz SCS. With 960 kHz SCS, PDCCH monitoring in every 15.6 usec needs to be supported. Such frequent PDCCH monitoring and processing will cause much larger power consumption and the processing burden at UE, or even hard to implement. Then, it may not be feasible for UE in 52.6 – 71 GHz to apply the mandatory PDCCH processing capability as it is. 

Based on the above, in our view, the feasibility to apply UE feature group 3-1 to 52.6 – 71 GHz operation as mandatory should be discussed. It may or may not be feasible in our view. If the capability should not be mandatory for higher SCSs in 52.6 - 71 GHz, how to treat this capability in 52.6 – 71 GHz operation needs to be discussed with considering the possibility that some UE may be able to support the capability while other UEs may not. One possibility is to clarify that feature group 3-1 is not mandatory for higher SCSs in 52.6 - 71 GHz. In addition, how to define a new basic UE capability on PDCCH monitoring/processing for 52.6 – 71 GHz operation needs to be discussed as well as possible other advanced PDCCH monitoring/processing capability(ies) for 52.6 – 71 GHz including one like feature group 3-1. 

In our view, at least PDCCH monitoring of once in multiple slots should be applied for 480 kHz and 960 kHz SCS as basic capability on PDCCH monitoring to reduce the UE burden/power consumption. Then, more frequent PDCCH monitoring than once in multiple slots (including PDCCH monitoring in every slot) can be investigated as potential optional capability on PDCCH monitoring for 480 kHz and 960 kHz SCS to achieve higher scheduling flexibility.

Proposal 2: The feasibility to apply UE feature group 3-1 as mandatory for above 52.6 GHz operation with 480/960 kHz SCS should be discussed.
· If not feasible, how to treat FG 3-1 for above 52.6 GHz operation with 480/960 kHz SCS needs to be discussed

Proposal 3: PDCCH monitoring periodicity of once in multiple slots should be considered as basic capability on PDCCH monitoring for above 52.6 GHz operation with 480/960 kHz SCS.

3. Conclusion
In this contribution, we discussed the impact on PDCCH monitoring with 480 and 960 kHz SCSs to support NR from 52.6 GHz to 71 GHz and we made the following proposals:

Proposal 1: PDCCH processing limitation values should be defined per longer time duration than a slot to avoid excessive reduction of PDCCH processing limits.

Proposal 2: The feasibility to apply UE feature group 3-1 as mandatory for above 52.6 GHz operation with 480/960 kHz SCS should be discussed.
· If not feasible, how to treat FG 3-1 for above 52.6 GHz operation with 480/960 kHz SCS needs to be discussed

Proposal 3: PDCCH monitoring periodicity of once in multiple slots should be considered as basic capability on PDCCH monitoring for above 52.6 GHz operation with 480/960 kHz SCS.
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