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1. Introduction
In the RAN meeting #90-e, the revised WID of “Extending current NR operation to 71GHz” was agreed [1] with the following objectives for RAN1:

	· Physical layer aspects including [RAN1]:
· 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. 

Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz

· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 

· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.

· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.

· Note: coverage enhancement for SSB is not pursued.

· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation

· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
       Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued

· 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.

· Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 

· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.

· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.

· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 


This WI extends NR operation up to 71GHz considering new SCS such as 480kHz and 960kHz, so PDCCH enhancements should be specified, as marked in green. This contribution discusses the potential enhancements to PDCCH monitoring.

2. Discussion
2.1. PDCCH blind detection/CCE budget
The PDCCH blind detection/CCE budget is related to a given SCS. In general, if the configured SCS is larger, the corresponding blind detection/CCE budget might be reduced. In current spec, two kinds of UE capabilities for PDCCH monitoring are specified, as cited in the following. 

	TS38.213:
Table 10.1-2 provides the maximum number of monitored PDCCH candidates, [image: image2.png]Mmaxslot



, per slot for a UE in a DL BWP with SCS configuration [image: image4.png]


 for operation with a single serving cell.

Table 10.1-2: Maximum number [image: image6.png]


 of monitored PDCCH candidates per slot for a DL BWP with SCS configuration [image: image8.png]ne{0,1,23}



 for a single serving cell
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Maximum number of monitored PDCCH candidates per slot and per serving cell [image: image11.png]max.slotu
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Table 10.1-2A provides the maximum number of monitored PDCCH candidates, [image: image13.png]


, per span for a UE in a DL BWP with SCS configuration [image: image15.png]


 for operation with a single serving cell.

Table 10.1-2A: Maximum number [image: image17.png]M;
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 of monitored PDCCH candidates in a span for combination (X, Y) for a DL BWP with SCS configuration [image: image19.png]i e {0,1}



 for a single serving cell

Maximum number [image: image21.png]ymaz,(X.¥).pu
Mpocen



 of monitored PDCCH candidates per span for combination [image: image23.png](x,Y)



 and per serving cell 
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Table 10.1-3 provides the maximum number of non-overlapped CCEs, [image: image26.png]


, for a DL BWP with SCS configuration [image: image28.png]


 that a UE is expected to monitor corresponding PDCCH candidates per slot for operation with a single serving cell.

CCEs for PDCCH candidates are non-overlapped if they correspond to

-
different CORESET indexes, or 

-
different first symbols for the reception of the respective PDCCH candidates.

Table 10.1-3: Maximum number [image: image30.png]


 of non-overlapped CCEs per slot for a DL BWP with SCS configuration [image: image32.png]ne{0,1,23}



 for a single serving cell
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Maximum number of non-overlapped CCEs per slot and per serving cell [image: image35.png]
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Table 10.1-3A provides the maximum number of non-overlapped CCEs, [image: image37.png]


, for a DL BWP with SCS configuration [image: image39.png]


 that a UE is expected to monitor corresponding PDCCH candidates per span for operation with a single serving cell.

Table 10.1-3A: Maximum number [image: image41.png]max,(X.Y).
X



 of non-overlapped CCEs in a span for combination (X, Y) for a DL BWP with SCS configuration [image: image43.png]i e {0,1}



 for a single serving cell

Maximum number [image: image45.png]


 of non-overlapped CCEs per span for combination [image: image47.png](x,Y)



 and per serving cell 
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With the introduction of 480kHz and 960kHz for data and control transmission, the capabilities for PDCCH monitoring should be reduced. For simplicity, we use the capability for combination (2, 2) as the reference, and by scaling the numbers we can roughly calculate the blind detection/CCE budget for PDCCH monitoring with higher SCSs. Table 1 and Table 2 show the examples of the scaled values for PDCCH monitoring with 480kHz and 960kHz for PDCCH candidates and CCE budgets respectively. Here we considered PDCCH monitoring per slot, per 2-slot, per 4-slot and per 8-slot.

Table 1: Maximum number of monitored PDCCH candidates
	
	Maximum number [image: image50.png]ymaz,(X.¥).pu
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 of monitored PDCCH candidates per serving cell 
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	Per slot
	Per 2-slot
	Per 4-slot
	Per 8-slot

	5
	6
	12
	24
	48

	6
	3
	6
	12
	24


Table 2: Maximum number of non-overlapped CCEs
	
	Maximum number [image: image53.png]


 of non-overlapped CCEs per serving cell
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	Per slot
	Per 2-slot
	Per 4-slot
	Per 8-slot

	5
	6
	12
	18
	36

	6
	6
	12
	18
	36


Proposal 1: The maximum number of monitored PDCCH candidates and the maximum number of non-overlapped CCEs can be roughly calculated from the PDCCH monitoring capability of combination (2, 2).
2.2. Enhancements to CORESET configuration
As discussed above, with the introduction of 480kHz and 960kHz for data and control transmission in the high frequency range, compared to existing SCS, the symbols become much shorter and the frequency range will be much larger for a given CORESET configuration. Figure 1 compares the CORESET configuration of {12RBs, 2symbols} for 120kHz and 480kHz respectively. 
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Figure 1: CORESET configuration of {12RBs, 2symbols} for 120kHz and 480kHz
From Figure 1, it can be observed that to keep same CORESET configurations and same PDCCH candidates being monitored, compared to 120kHz SCS, the coverage of PDCCH transmission would be impacted due to the reduced transmission duration, and UE is required to estimate much higher frequency range with the SCS of 480kHz. While the maximum number of non-overlapped CCEs would be smaller for 480kHz SCS than 120kHz SCS. The difference would be much larger if 120kHz and 960kHz SCSs are compared. Therefore, enhancements to CORESET configuration, i.e., reducing CORESET RBs and increasing CORESET symbols for a given higher SCS, seem beneficial. 
Proposal 2: CORESET configuration with less RBs and more symbols for 480kHz and 960kHz SCS should be supported. 
3. Conclusion

This contribution discusses the potential enhancements to PDCCH monitoring. The following proposals are made. 
Proposal 1: The maximum number of monitored PDCCH candidates and the maximum number of non-overlapped CCEs can be roughly calculated from the PDCCH monitoring capability of combination (2, 2).
Proposal 2: CORESET configuration with less RBs and more symbols for 480kHz and 960kHz SCS should be supported. 
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