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1. Introduction

In RAN1 102e and 103e, many companies discussed physical design for 52.6-71 GHz, including new numerology, carrier bandwidth, phase noise impacts, channel access mechanism, beam management and initial access, physical channel/signal, etc. Various proposals have been discussed and multiple agreements have been reached on PHY design for 52.6-71 GHz support in previous meetings. In RAN#90-e meeting, the WID of extending current NR operation to 71GHz has been agreed. And the following PDCCH monitoring enhancement has been made [1]:

	· Physical layer procedure(s) including [RAN1]:
· 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 will provide our views on PDCCH monitoring enhancement for operation in the 60GHz unlicensed band. 
2. Discussion
In RAN1 103e, the following agreement related to PDCCH is reached [2]: 

	Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):

· 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 high frequency band, the impacts of phase noise and carrier bandwidth is more significant. In order to tackle the impact of phase noise especially in high order modulation and frequency offset, it is beneficial to introduce larger subcarrier spacing (e.g. 480kHz or 960kHz SCS) for PDSCH transmission in above 52.6GHz frequency range. Accordingly, it is necessary to introduce the same larger SCS for PDCCH transmission in order to reduce the complexity and latency on UE side. For PDCCH monitoring, a large SCS means a much shorter slot duration, e.g. slot duration is 1/64ms with 960kHz. If UE monitors PDCCH on each slot, frequent PDCCH detection will cause redundant UE power consumption as well as increase the complexity and processing capability of UE.
According to the TS38.213 [3], the following two tables illustrate maximum number of BDs and CCEs for PDCCH monitoring, respectively. From the tables, it can be observed that the number of PDCCH BD and the non-overlapped CCEs per slot is dramatically decreased with increasing value of the subcarrier spacing from 15kHz to 120kHz. This is mainly due to the limitations of UE processing capability. However, if a larger SCS is used for the new carrier frequency range of 52.6 to 71 GHz, the maximum number of BDs and CCEs for PDCCH monitoring would be further scaled down. In addition, when 960 kHz SCS is introduced for NR operation above 52.6GHz, the maximum number of BDs for PDCCH monitoring may be reduced to 10 or smaller. As a result, the PDCCH monitoring capability will be further reduced, and the number of PDCCH candidates per slot can be very small. Consequently, the scheduling flexibility will be reduced and the PDCCH blocking rate will be increased.

	TS38.213:
Table 10.1-2: Maximum number [image: image2.png]


 of monitored PDCCH candidates per slot for a DL BWP with SCS configuration [image: image4.png]wef0,1,23)
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Maximum number of monitored PDCCH candidates per slot and per serving cell [image: image7.png]
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Maximum number of non-overlapped CCEs per slot and per serving cell 
[image: image11.wmf]m

slot,

max,

PDCCH

C


0

56

1

56

2

48

3

32




In order to maintain the same UE processing capability as Rel-16, the maximum number of PDCCH BDs per slot will decrease significantly when large SCS is introduced, which affects scheduling flexibility and increases the probability of PDCCH blocking. For the above two problems, we give the following possible solutions. One possible way is to extend the span of PDCCH monitoring to more than one slot for maximum PDCCH BD capability. For example, taking 120kHz as a reference SCS, and the total number of PDCCH BD within 8 slots of 960KHz SCS is limited by the maximum PDCCH BD candidates number defined for 120kHz. In this way, the scheduling and power consumption problems caused by the UE PDCCH monitoring capability can be alleviated. The other alternative is to perform PDCCH blind detection 20 times in a relaxed period. The number of PDCCH BDs can be dynamically allocated according to the PDCCH situation on each slot, or equally allocated. For instance, if relax slots is required to make 20 times PDCCH BDs for 960KHz, the number of PDCCH BD is 2.5 in each slot. 
Observation 1: For NR beyond 52.6 GHz, if larger subcarrier spacings are adopted, the PDCCH monitoring capability and the number of PDCCH candidates per slot would be further reduced.

Observation 2：When a larger subcarrier spacing is introduced in above 52.6GHz frequency range, maximum number of BDs/CCEs for PDCCH monitoring needs to be investigated. 

Proposal 1: Defining PDCCH BDs limits over a group of slots or relaxing PDCCH monitoring should be studied for above 52.6GHz.
3. Conclusion
In this contribution, we discussed some of the potential PDCCH monitoring enhancements over high carrier frequency band and the following observations and proposals were made.
Observation 1: For NR beyond 52.6 GHz, if larger subcarrier spacings are adopted, the PDCCH monitoring capability and the number of PDCCH candidates per slot would be further reduced.

Observation 2：When a larger subcarrier spacing is introduced in above 52.6GHz frequency range, maximum number of BDs/CCEs for PDCCH monitoring needs to be investigated. 

Proposal 1: Defining PDCCH BDs limits over a group of slots or relaxing PDCCH monitoring should be studied for above 52.6GHz.
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