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Introduction
In RANP#90e, the WID of NR operating in 52.6GHz-71GHz frequency has been established in [1], and the PDCCH enhancement was captured as below under RAN1’s working scope
	According to the outcome of the study item on Supporting NR above 52.6GHz and leveraging FR2 design to the extent possible, this WI extends NR operation up to 71GHz considering, both, licensed and unlicensed operation, with the following objectives:
· Physical layer aspects including [RAN1]:
· [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.


Moreover, during the previous RAN1 e-meeting, agreements on PDCCH enhancement was achieved as 
	Agreement:
Consider at least the following aspects of PDCCH monitoring for a given SCS
· For new SCS, if agreed, that are not supported in Rel-15/16 NR,
· investigate on the maximum number of BDs/CCEs for PDCCH monitoring per time unit
· e.g. slot as Rel-15, or new scheduling/monitoring unit
· any potential limitation to PDCCH monitoring configurations (e.g. search spaces, DCI formats, overbooking/dropping, etc) to help with UE processing, if needed
· e.g. increased minimum PDCCH monitoring unit
· potential enhancements for CORESET, if needed
· related UE capability(ies) for PDCCH processing

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
1. It was identified that the potential enhancements to PDCCH monitoring including potential limitation to UE PDCCH configuration,, multiple PDSCH/PUSCH scheduling with a single DCI (using existing DCI formats or new DCI format(s)), spatial relation management for GC-PDCCH, capability related to PDCCH monitoring, and PDCCH coverage should be further investigated for higher subcarrier spacings, including the need for such enhancements.
It was observed that PDCCH processing capabilities per multiple slots for larger SCS (e.g. 480 or 960 kHz) can maintain scheduling framework same as for smaller SCS (e.g. 120 kHz) when the UE is configured to monitor the PDCCH every multiple slots.


In this contribution, we would like to present our view on PDCCH enhancements for above 52.6GHz.
PDCCH enhancement 
From RANP#90 meeting, for system operating at 52.6GHz to 71GHz carrier frequency, larger subcarrier spacing greater than 120kHz with 480 kHz and 960 kHz were introduced, then the time duration for one slot is reduced further. Take 960 kHz for illustration: an increase in SCS to 960 kHz may require processing 8 times as many slots as 120 kHz system at the same time duration. As such, if the PDCCH processing procedure and the capability limits remain unchanged, the UE monitoring capability and power consumption will grow much complicated. Considering the limitations of UE processing capability, PDCCH enhancement was agreed upon for supporting larger SCS.
In this document, we will discuss PDCCH enhancement under larger SCSs from the aspect of PDCCH monitoring capabilities.
PDCCH monitoring capabilities 
Companies have reported many solutions on PDCCH monitoring capabilities alleviation, and Figure 1 summarized the time domain format of three technologies, which we are going to discuss from our view. Take baseline SCS 120kHz and new SCS with 960kHz for illustration, and assuming that CORESET symbols with three are configured.  
[image: ]
Figure 1 [bookmark: _Ref44259174]: Time domain structure for SCS with 120 kHz and 960 kHz 
SS/CORESET and Maximum BDs/CCEs configuration 
In Rel-15/16, PDCCH monitoring complexity is related to search space set and CORESET configuration from gNB and BD/CCE limit per slot/span. Thus, through the modification of search space set and CORESET configuration, or reduce BD/CCE limit per slot in Rel-15, UE PDCCH monitoring complexity could be reduced accordingly. As defined in Rel-15 TS 38.213 [2], the maximum number of BDs and CCEs for PDCCH monitoring per slot are illustrated in Table 1 and Table 2, respectively. From the tables, it can be observed that the maximum number of BDs and CCEs for PDCCH monitoring reduced as subcarrier spacing increasing, which is primarily due to the limited UE processing capability for a short symbol and slot duration. Following this trend, the maximum number of BDs and CCEs for PDCCH monitoring may reduce further for new SCS 480kHz and 960kHz. Since the maximum BD/CCE limit is configured per slot, this scheme would only reduce PDCCH monitoring complexity per slot but would not reduce the number of monitoring for slot-based operations too much. When the number of slots increases multiple times, PDCCH monitoring still occurs very frequently, which also may result in a relatively large total PDCCH monitoring complexity. Meantime, with frequent monitoring, UE may wake up frequently and could not go to sleep mode with a relatively long duration for power saving. In addition, this scheme may also introduce another two problems from the perspective of link performance. First, with small BD attempts, the probability of PDCCH miss detections in one slot may increase. As a result, a performance degradation for the downlink receiver may be triggered. Second, with a small number of CCEs, the accuracy of channel estimation may be decreased, which will also harm the downlink receiver's performance. 
[bookmark: _Ref47256056]Table 1. 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: _Ref47256059]Table 2. Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32



Observation 1 : UE PDCCH monitoring complexity can be reduced by modifying the configuration of search space set and CORESET, or alternatively by limiting the maximum number of BD/CCE per slot, but with potential link performance degradation.

Mixed numerology
To avoid the issue introduced by the limitation of maximum BD/CCE per slot, mixed numerology operation is supported in Rel-15/16. e.g. 240 kHz subcarrier spacing for SSB and 120 kHz subcarrier spacing for PDCCH/PDSCH/PUSCH/PUCCH/PRACH. Thus, a mixed numerology where small SCS for PDCCH and large SCS for PDSCH/PUSCH/PUCCH can be considered for 52.6GHz-71GHz frequency band to alleviate PDCCH monitoring burden. However, for mixed numerology, when performing FFT, FFT size switching is needed from PDCCH to PDSCH/PUSCH/PUCCH, which would introduce extra processing complexity. Moreover, extra symbol gaps may also be needed for FFT switching operation. 
Observation 2 : UE PDCCH monitoring complexity can be reduced by using mixed numerology between PDCCH and other physical channels but with potential extra complexity and decreased time efficiency for FFT size switching.

New time unit
Try to manage the PDCCH monitoring and decoding complexity as well as guarantee the downlink performance, another effective scheme is to define a new time unit for new SCSs, like multi-slot. In this solution, the definition of time unit can rely on the SCSs difference. e.g., for Rel-15 120kHz and new SCS 960kHz, 8 slots in Rel-15 could be grouped into one time unit for the 52.6GHz-71GHz frequency range. In Rel-16 specifications, the time unit with span is supported, thus the processing on span can be referred for the design on new time unit. Together with PDCCH repetitions described in the next section, this solution could reduce PDCCH monitoring complexity and guarantee the DL BLER performance relatively. The link processing details of PDCCH monitoring, scheduling and new signaling for new time unit and the corresponding solutions aiming at a low impact to specification could be discussed further. 
Observation 3 : UE PDCCH monitoring complexity can be reduced by operating on a new time unit like multi-slot.
With the above analysis and discussions among the three solutions, we would like to present the following proposal.
Proposal 1 : For larger SCS in the 52.6GHz-71GHz frequency range, comprehensive consideration of UE monitoring complexity reduction together with UE power-saving and DL performance guarantee, define a new time unit like multi-slot could be a proper solution.

Conclusions
Finally, allow us to repeat our observations and proposals to draw attention.
Observation 1 : UE PDCCH monitoring complexity can be reduced by modifying the configuration of search space set and CORESET, or alternatively by limiting the maximum number of BD/CCE per slot, but with potential link performance degradation.
Observation 2 : UE PDCCH monitoring complexity can be reduced by using mixed numerology between PDCCH and other physical channels but with potential extra complexity and decreased time efficiency for FFT size switching.
Observation 3 : UE PDCCH monitoring complexity can be reduced by operating on a new time unit like multi-slot.
Proposal 1 : For larger SCS in the 52.6GHz-71GHz frequency range, comprehensive consideration of UE monitoring complexity reduction together with UE power-saving and DL performance guarantee, define a new time unit like multi-slot could be a proper solution.
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