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1 Introduction

In RAN #90 e-meeting, some agreements about PDCCH monitoring was made for NR 52.6-71GHz,
Agreement:
· 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

· 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 focus on PDCCH monitoring enhancement for NR operating on 52.6-71GHz. Blind decoding/CCE budget, multi-slot span monitoring and some other enhancements are discussed.  
2 Discussion
2.1 Blind decoding/CCE budget
The current specification already define the blind detection/CCE budget for SCS from 15~ 120 kHz, with new SCS, 480kHz and 960kHz, are adopted, PDCCH monitoring capability for the new SCS needs to be defined also according to PDCCH candidate numbers and non-overlapped CCE numbers.

With three SCSs, 120kHz and 480/960kHz are all specified, it may be not necessary to support all the three SCSs for NR 52.6-71GHz especially considering the complexity for high speed processing for 480/960kHz. Since 120kHz is already supported in FR1/2, it is backward compatible to support 120kHz as a default/ mandatory SCS and 480/960kHz as optional. The PDCCH monitoring capability for 120kHz per slot can still reuse the one defined in current spec as a mandatory capability. And the PDCCH monitoring capability for 480/960kHz per slot can be defined as optional capability. And even for the PDCCH monitoring capability for 480/960kHz, different UE capabilities can also be considered, for example UE cap1 supports relatively lower PDCCH candidate numbers and non-overlapped CCE numbers than UE cap2, which allows more flexible UE implementation and gNB scheduling for NR 52.6-71GHz. 
Proposal 1: The PDCCH monitoring capability for 120kHz per slot can still reuse the one defined in current spec as a mandatory capability. And the PDCCH monitoring capability for 480/960kHz per slot can be defined as optional capability.
Proposal 2: For PDCCH monitoring capability for 480/960kHz, different UE capabilities can be considered to allow more flexible UE implementation and gNB scheduling for NR 52.6-71GHz.
2.2 Multi-slot span monitoring
In current spec, UE processing capability for PDSCH/PUSCH with SCS 15-120kHz can be 1/2/4/7 TB per slot, and the processing capability will be reported by UE to gNB. But in NR 52.6-71GHz with SCS as large as 480/960kHz, it is quite a challenge to be able to process PDSCH/PUSCH in every slot. For example, if UE can only process one TB of PDSCH/PUSCH in every 4 slots with SCS 960kHz, then a reasonable definition for PDCCH monitoring capability should be 4-slot based instead of single slot based, that are maximum number of PDCCH candidate per N slots and non-overlapping CCE per N slots.

With multi-slot span PDCCH monitoring capability definition, UE can flexibly concentrate its decoding capability and provide more PDCCH candidates/non-overlapping CCEs for DCIs in one or two slots out of every N slots, thus achieve better diversity gain, rather than split its capability in every slot even if there is no DCI in the slot at all.

Similar PDCCH monitoring span as in R16 URLLC can be considered for NR 52.6-71GHz. In R16 URLLC, PDCCH monitoring span (X,Y) is defined as number of consecutive symbols in a slot where the UE is configured to monitor PDCCH. Each PDCCH monitoring occasion is within one span. If a UE monitors PDCCH on a cell according to combination (X,Y), the UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including across slots. A span starts at a first symbol where a PDCCH monitoring occasion starts and ends at a last symbol where a PDCCH monitoring occasion ends, where the number of symbols of the span is up to Y.
With some little modification, for example, change the unit of X/Y from symbol to slot, a multi-slot PDCCH monitoring span can be defined. That is a span contains X slots and the PDCCH monitoring occasion are located in the first Y slots within the X slots. For SCS 480/960kHz, from our point of view, it is necessary to have this multi-slot span (X/Y) to allow sparse PDCCH monitoring in every X slots. For SCS 120kHz, since the current spec already support it with single slot PDCCH monitoring capability, multi-slot span PDCCH monitoring is not that necessary compared to 480/960kHz.
Proposal 3: Similar PDCCH monitoring span (X/Y) as in R16 URLLC can be considered for NR 52.6-71GHz by modifying the unit of X/Y from symbol to slot.
Proposal 4: It is necessary to define multi-slot span (X/Y) to allow sparse PDCCH monitoring in every X slots for the newly introduced SCS 480/960kHz.
However, compared with defining PDCCH monitoring capability per single slot, defining PDCCH monitoring capability per multi-slot span would allow gNB scheduling DCI in a bursty way, for example when X=8,Y=1. And it may cause the UE to spend more time on decoding all the DCIs scheduled in a DCIs burst, which will increase the total processing time for the scheduled PDSCH/PUSCH since UE has to decoding the DCI first. For example, with maximum number of B1/C1 of BDs/CCEs for PDCCH monitoring per single slot, UE is able to decode the all the DCIs in PDCCH in 1 symbol from the end of the PDCCH. But with maximum number of 4*B1/4*C1 of BDs/CCEs for PDCCH monitoring per multi-slot span (4/1) and gNB scheduling DCI in a bursty way, UE may need extra 2 symbols to guarantee to decode the all the DCIs in PDCCH, thus cause the decoding time of PDSCH(N1) and preparation time of PUSCH(N2) may need to be extended as well.
Proposal 5: Impacts on PDSCH/PUSCH processing time(N1/N2) may need be considered if defining maximum number of BDs/CCEs for multi-slot span PDCCH monitoring .
2.3 Other enhancements
Search space set group switching is introduced in R16 NR-U for power saving propose and group switching time  [image: image2.png]Pevvitch



 is defined for SCS 15-60kHz. To facilitate unlicensed band operation for NR 52.6-71GHz, group switching time  [image: image4.png]Pevvitch



  should also be defined for 120/480/960kHz 
Proposal 6: Search space set group switching time [image: image5.png]Pevvitch



 should be defined for 120/480/960kHz.
The maximum search space periodicity in current spec is 2560 slots, and with SCS increased to 960kHz, the absolute time of the maximum search space periodicity will be decreased by 8 times. So new periodicity parameters may need to be introduced for the new SCSs, as well as the search space offset/duration parameters.
Proposal 7: New search space periodicity parameters, as well as the search space offset/duration parameters, may need to be introduced for the new SCSs.
3 Conclusions

In this contribution, we focus on PDCCH monitoring enhancement for NR operating on 52.6-71GHz. Blind decoding/CCE budget, multi-slot span monitoring and some other enhancements are discussed.  
Proposal 1: The PDCCH monitoring capability for 120kHz per slot can still reuse the one defined in current spec as a mandatory capability. And the PDCCH monitoring capability for 480/960kHz per slot can be defined as optional capability.

Proposal 2: For PDCCH monitoring capability for 480/960kHz, different UE capabilities can be considered to allow more flexible UE implementation and gNB scheduling for NR 52.6-71GHz.
Proposal 3: Similar PDCCH monitoring span (X/Y) as in R16 URLLC can be considered for NR 52.6-71GHz by modifying the unit of X/Y from symbol to slot.
Proposal 4: It is necessary to define multi-slot span (X/Y) to allow sparse PDCCH monitoring in every X slots for the newly introduced SCS 480/960kHz.
Proposal 5: Impacts on PDSCH/PUSCH processing time(N1/N2) may need be considered if defining maximum number of BDs/CCEs for multi-slot span PDCCH monitoring.
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 should be defined for 120/480/960kHz.

Proposal 7: New search space periodicity parameters, as well as the search space offset/duration parameters, may need to be introduced for the new SCSs.
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