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 Introduction
According to the outcome of the study item on supporting NR above 52.6 GHz [1], at 3GPP RAN #90 plenary e-meeting in December 2020, an update WID RP-202925 [2] was approved to extend NR operation up to 71 GHz considering both licensed and unlicensed operation. In the WID, some objectives related to PDCCH monitoring enhancements were given and are excerpted as follows. In this contribution, we give our views on PDCCH monitoring enhancements for NR between 52.6 GHz ~ 71 GHz.
· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz 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. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· [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.
 Discussion on PDCCH monitoring enhancements
2.1 	PDCCH Blind detection
In Rel-15/16 NR, the maximum number of non-overlapped CCEs per slot for a DL BWP with SCS 15~120 kHz is given by Table 2.1-1. The maximum number of monitored PDCCH candidates per slot for a UE in a DL BWP with SCS 15~120 kHz is given by Table 2.1-2. As shown in two Tables, the maximum number of non-overlapped CCEs and monitored PDCCH candidates per slot decreases with increasing SCS.
Table 2.1-1: 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



Table 2.1-2: Maximum number  of monitored PDCCH candidates per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20



[bookmark: _GoBack]As given in Table 2.1-1, for SCS 120 kHz (i.e. μ = 3), there are only 32 non-overlapped CCEs per slot. For NR operation above 52.6 GHz, this number can be further expected to decrease with increasing value of SCSs. According to this decreasing trend, [image: ] for SCS 960 kHz is likely to be smaller than 16, which is even less than the number of CCEs needed for a PDCCH with CCE aggregation level of 16. In this case, the highest level i.e. CCE aggregation level 16 in NR becomes impossible. It will obviously affect the detection performance of PDCCH. Even for PDCCH SCS = 960 kHz, assuming that [image: ] is greater than or equal to 16, it can be expected that the PDCCH monitoring capability will be further reduced and the number of PDCCH candidates per slot could be quite small, which will impact the scheduling for multiple UEs.
Observation 1: For supporting NR operation in 52.6 GHz ~ 71 GHz with SCS 480 kHz & 960 kHz, the PDCCH monitoring capability will be further relaxed, the maximum number of non-overlapped CCEs and PDCCH candidates per slot could be further limited, and the use of the highest CCE aggregation level may be affected.
For the newly introduced SCS i.e. 480 kHz / 960 kHz in Rel-17 NR above 52.6 GHz, the length of the slot becomes more shorter. If a UE detects PDCCH in each slot, PDCCH monitoring will be too frequent, which will not only increase the power consumption of the UE, but also increase the UE detection complexity and impact UE capability. Moreover, if we continue to reduce the maximum number of non-overlapped CCEs and PDCCH candidates per slot for above higher SCSs along the downward trend shown in the Table 2.1-1 and Table 2.1-2, the flexibility of scheduling will be affected and the PDCCH load will be too heavy resulting in blocking. There are several ways to solve the above problems:
Option 1: Define PDCCH BD capability based on a reference period. For example, define PDCCH BD capability according to a slot length of a reference SCS 120 kHz. When configuring the search space set by higher layer parameter monitoringSlotPeriodicityAndOffset, the gNB needs to ensure that the duration TS is an integral multiple of the slot length of 120 kHz SCS.
Option 2: Define PDCCH BD capability based on a slot group and PDCCH monitoring is performed on multiple slots. When configuring the search space set by higher layer parameter monitoringSlotPeriodicityAndOffset, the gNB needs to ensure that the duration TS is a multiple of n slots (n equals to the number of slots contained in the slot group), or a multiple of slot groups in the basic unit of slot group. For example, if a slot group includes four slots, the duration TS can be configured as 4, 8, 12, 16, ... of slots. Alternatively, the duration TS can be configured as 1, 2, 3, 4, ... of slot groups, i.e. the basic granularity of the duration TS should be defined as a slot group. Figure 1 gives two configuration types in a slot group for Option 2.
[image: ]
(a) Configuration 1 in Option 2
[image: ]
(b) Configuration 2 in Option 2
Figure 1: Define PDCCH BD capability based on a slot group in Option 2
Option 3: Reduce the monitoring frequency by limiting the configuration of CORESET and/or search space set, such as configuring a larger PDCCH monitoring periodicity KS and a smaller PDCCH detection duration, e.g. TS = 1. Option 3 can be considered as an implementation issue, i.e. left to gNB configuration.
However, Option 3 obviously limits the scheduling flexibility and also may lead to PDCCH congestion. Therefore, a better way is the combination of Option 3 and Option 4 that can schedule multiple PDSCH/PUSCH via a single DCI. Multiple PDSCH/PUSCH scheduling with a single DCI can not only save DCI overhead, but also reduce PDCCH monitoring frequency without sacrificing scheduling flexibility.
In addition to the combination of Option 3 and Option 4, other options can also be combined to enhance PDCCH monitoring, such as Option 1 and Option 4, Option 2 and Option 4, etc.
Proposal 1: The following options can be considered to enhance PDCCH monitoring for NR operation in 52.6 GHz ~ 71 GHz with the newly introduced SCS i.e. 480 kHz & 960 kHz:
· Option 1: Define PDCCH BD capability based on a reference period
· Option 2: Define PDCCH BD capability based on a slot group
· Option 3: Reduce PDCCH monitoring frequency by limiting the configuration of CORESET and/or search space set
· Option 4: Schedule multiple PDSCH/PUSCH with a single DCI
· Option 5: The combination of two or more options from the above
 
 Conclusion
In this contribution, we discuss PDCCH monitoring enhancements for NR above 52.6 GHz band operation and have the following observations and proposals.
Observation 1: For supporting NR operation in 52.6 GHz ~ 71 GHz with SCS 480 kHz & 960 kHz, the PDCCH monitoring capability will be further relaxed, the maximum number of non-overlapped CCEs and PDCCH candidates per slot could be further limited, and the use of the highest CCE aggregation level may be affected.
Proposal 1: The following options can be considered to enhance PDCCH monitoring for NR operation in 52.6 GHz ~ 71 GHz with the newly introduced SCS i.e. 480 kHz & 960 kHz:
· Option 1: Define PDCCH BD capability based on a reference period
· Option 2: Define PDCCH BD capability based on a slot group
· Option 3: Reduce PDCCH monitoring frequency by limiting the configuration of CORESET and/or search space set
· Option 4: Schedule multiple PDSCH/PUSCH with a single DCI
· Option 5: The combination of two or more options from the above
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