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1. Introduction
[bookmark: _Hlk49520809]The work item on supporting NR from 52.6 GHz to 71 GHz was update and approved in RAN 90 meeting [1], objects of WI are listed as following 
	· 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: _GoBack]Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timing, 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
· [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.
· [bookmark: _Hlk58594915]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.



In this document, the issues on PDCCH monitoring enhancements for up to 71GHz operation were discussed. 
2. Discussion on PDCCH monitoring enhancements
2.1. On the maximum number of BDs/CCEs for PDCCH monitoring per time unit
In Rel-15/16, UE capability for PDCCH monitoring is defined as per slot based on the basic unit of scheduling interval configured for UE monitoring. The enhancements of PDCCH monitoring capability for URLLC scheduling was also defined per span as the basic unit for SCS=15 kHz/30 kHz to enable scheduling interval of 2, 4, and 7 OFDM symbols. The consideration of PDCCH monitoring capability is the trade-off between the UE processing capability and the network scheduling flexibility.  The Polar decoder of PDCCH decoding at the UE is a pipeline processing for possible PDCCH candidates within a given time interval, e.g., slot.  The processing speed of PDCCH decoding per time interval could not increase in proportion to the reduction of the slot interval in power of 2 when the SCS increases.  The number of PDCCH decoding per slot would be reduced when the slot interval is reduced in the order of power of 2. Thus, the maximum number of monitoring PDCCH candidates per slot is reduced as the SCS increases.  
The reducing number of PDCCH monitoring candidates when large SCS is introduced implies that the number of PDCCH candidates for each aggregation level would be reduced for scheduling DCI within a scheduling interval, e.g., slot or mini-slot. The PDCCH blocking probability would increase when the number of PDCCH candidates reduces.  Since the scheduling interval, e.g., slot, is much shorter, the average number of users to be scheduled would be reduced comparing to that in large scheduling interval if the total number of the scheduling users is the same during a period of time. The PDCCH blocking probability would be reduced in proportion to the average number of scheduling users decreases.  Thus, the reducing number of PDCCH monitoring candidate for large SCS would not have significant increase of the PDCCH blocking probability.  Inversely, the short slot duration of large SCS might improve the PDCCH blocking probability due to the average number of users to be scheduled is reduced substantially.  

Observation 1:  PDCCH blocking probability would not be significantly impacted for 480 kHz and 960 kHz SCS when the maximum number of the monitored PDCCH candidates is reduced.  

Table 1 and 2 show the maximum number of PDCCH candidates per slot and per span for combination (X, Y) per serving cell, where X is the mini-slot interval and Y is the CORESET duration in OFDM symbols.  The maximum number of PDCCH candidates is specified per span for mini-slot scheduling in Rel-16. From Table 2, the maximum number of monitored PDCCH candidates with 15 kHz SCS is reduced to 14 candidates for 2-symbol mini-slot from 44 candidates for a slot.  The number of candidates does not reduce for 7-symbol mini-slot since all 3-symbol PDCCH decoding processing expects to complete within half slot.   If UE keeps the same clock speed for 480 kHz and 960 kHz SCS, UE should be able to support maximum number of PDCCH candidates per slot for 12 and 11 respectively as shown in Table 1.  
The other alternative is to define the monitored PDCCH candidate based on the time span cross multiple slots for higher SCS to allow more monitoring PDCCH candidates.  When the monitored PDCCH candidates are defined based on the time span cross multiple slots for higher SCS, there are several restrictions as follows,
· The CORESET configuration - The CORESET is the control channel resource configured for UE to search for the PDCCH candidates based on search space indication.   When the monitored PDCCH candidates are defined based on the time span cross multiple slots, e.g., 4 slots, the SearchSpace IE needs to have corresponding function to indicate the CORESET location within the time span cross multiple slots as follows,
· CORESET location - The location of control channel resources are configured by ControlResourceSet IE, which include parameters of frequencyDomainResources, duration (number of consecutive symbols), and cce-REG-MappingType for each CORESET ID.    There is no time domain periodicity in the CORESET configuration.  Thus, the control resource should be available each slot.    When the monitored PDCCH candidates based on the time span cross multiple slots, the CORESET location is indicated by SearchSpace IE.   This is supported by current specification by configuring UE with PDCCH monitoring periodicity with the parameter of “monitoringSlotPeriodicityAndOffse” in SearchSpace IE to have the periodicity and the duration of search space greater than the time span of monitored PDCCH candidates.   When monitored PDCCH candidates is defined based on the time span cross multiple slots, UE will monitor PDCCH only on the CORESET in the first slot of the span unless the new indication of CORESET resource cross the time span is included in the SearchSpace IE.  
· Introduce a bit mapping function to indicate the CORESET location within the time span similar to the parameter “monitoringSymbolsWithinSlot” indicating the CORESET location within a slot for mini-slot scheduling in SearchSpace IE.  
· Scheduling restriction – If the PDCCH monitoring candidates are specified within a time span cross multiple slots, the scheduling interval should align with the time span to maintain the UE capability of decoding only one DL DCI within a set of blind decoding.  gNB has to schedule all PDSCH or PUSCH transmission on all slots using a single DCI.  
One example of a time span cross multiple slots for 480 and 960 kHz SCS is to define a duration, such as the slot duration 0.125 ms of SCS =120KHz, There are 4 and 8 slots within a 0.125 ms time span for 480 and 960 kHz SCS respectively.  The maximum number of monitored PDCCH candidates are increased in proportioned but with ceiling bounded at 44 as shown in Table 1.  

Table 1: Maximum number  of monitored PDCCH candidates per time span for a DL BWP with SCS configuration  for a single serving cell based on that in Clause 10.1 of TS38.213
	
	Maximum number of monitored PDCCH candidates per time spant and per serving cell 
	Slot number of a time span

	0
	44
	1

	1
	36
	1

	2
	22
	1

	3
	20
	1

	5
	11/44
	1/4

	6
	 10/44
	1/8



Table 2: Maximum number  of monitored PDCCH candidates in a span for combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell in Clause 10.1 of TS38.213
	
	Maximum number  of monitored PDCCH candidates per span for combination  and per serving cell 

	
	(2, 2)
	(4, 3)
	(7, 3)

	0
	14
	28
	44

	1
	12
	24
	36



Proposal 1:  The maximum number of monitored PDCCH candidates for 480 and 960 kHz SCS could be defined per slot or per time span cross multiple slots (e.g. 4 slot for SCS=480, and 8 slots for SCS=960kKHz).  The exact numbers of monitored PDCCH candidates for 480 and 960 kHz SCS are FFS.

Proposal 2:  The system/UE complexity and specification impacts should be considered when the maximum number of monitored PDCCH candidates is determined

Conclusion 
This contribution discussed the PDCCH enhancements for the support of NR operation up to 71 GHz. We have the following proposals,

Observation 1:  PDCCH blocking probability would not be significantly impacted for 480 kHz and 960 kHz SCS when the maximum number of the monitored PDCCH candidates is reduced.  

Proposal 1:  The maximum number of monitored PDCCH candidates for 480 and 960 kHz SCS could be defined per slot or per time span cross multiple slots (e.g. 4 slot for SCS=480, and 8 slots for SCS=960kKHz)..  The exact numbers of monitored PDCCH candidates for 480 and 960 kHz SCS are FFS.

Proposal 2:  The system/UE complexity and specification impacts should be considered when the maximum number of monitored PDCCH candidates is determined
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