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Introduction
In RAN1 97, some agreements on PDCCH enhancement for NR URLLC were achieved [1]:
Agreements:
· Support configurable TDRA table as in Rel-15 DCI format 1_1 (i.e. 0, 1, 2, 3 or 4 bits for time domain resource assignment) for the DL DCI format scheduling Rel-16 URLLC
Agreements:
Support at least resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC with one of the following modifications compared to Rel-15: 
· Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication
· Alt.1: The scheduling granularity reuses the RBG sizes for RA 0 and can be configured between configuration 1 and 2 as in Rel-15
· Alt. 2: A new RRC parameter to configure the scheduling granularity  
· Option 2: Separate configurable starting point granularity and length indication granularity 
Agreements:
Take the following framework as the working assumption for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span: 
· PDCCH monitoring span follows the definition in UE feature 3-5b as a starting point  
· FFS whether any modification needed  
Agreements:
· The per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain combination (X, Y, ) is C
· FFS aspects related to UE capability
· FFS the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is same or different across different spans within a slot 
· Example of combinations as shown in the following table:
· FFS the value of C
· Companies are encouraged to report the potential aspects that have impact on the value of C 
	
	X
	Y
	C

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	
	
	
	
	
	

	Combination 2
	
	
	
	
	
	

	…
	
	
	
	
	
	

	Note: 
· The table here doesn’t mean increased PDCCH monitoring capability is supported for all SCS. N/A can be filled in the corresponding cell for the SCS not applicable 


· FFS interaction with Rel-15-based limitation, e.g., whether to increase the limit for PDCCH monitoring case 1 under the increased PDCCH monitoring capability on the maximum number of non-overlapped CCEs per slot for channel estimation  

In this contribution, we shall focus on PDCCH enhancement, including new DCI format design and PDCCH monitoring capability enhancement. 
Discussion
1.1 New DCI format design
According to agreements on new DCI format, DCI format(s) with configurable sizes for some fields with 
· a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 
· a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0
· Provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any)
For the first bullet, some fields need to be compressed or removed relative to Rel-15 DCI format 0_0/1_0. For the second and third bullets, target size can be achieved by reasonable configuration. So we focus on compressed/removed field issues. To speed up discussion, Agreement in SI should be a starting point.
Compressed/removed field
To target URLLC transmission feature, such as larger transmission bandwidth with short time duration, fast schedule and feedback, short process timeline, some fields can be compressed and removed, as shown in the following table 1 and table 2:
Table 1 Compressed/removed field in UL grant
	Bit fields
	Reason
	Scheme
	Size reduction

	Frequency-domain RA
	Larger transmission bandwidth with short time duration is benefit for low latency
	· Larger RBG size
· Single granularity for both starting point and length
	· 

	Time-domain RA
	· Different characteristics of time domain resource between eMBB and URLLC
· Low latency requirement needs immediate transmission and flexible starting symbol
	· URLLC-specific pusch-symbolAllocation
· Semi-static configuration for PUSCH time-domain resource allocation
	· 40

	Modulation and coding scheme
	· MCS range is limited for a while due to channel condition of UE does not varies significantly
	· Configurable MCS table for URLLC
	· 54

	Redundancy version
	· Retransmission number is smaller due to small delay budget. Typical value is 1.
	· Smaller number of Redundancy version, such as {RV0, RV3}
· For one shot transmission, RV is configured semi-statically.
	· 20

	HARQ process number
	· Low latency requirement makes HARQ round trip time faster
	· Less HARQ process number

	· 43 



Table 2 Compressed/removed field in DL grant
	 Bit fields
	Reason
	Scheme
	Size reduction

	Frequency-domain RA
	Larger transmission bandwidth with short time duration is benefit for low latency
	· Larger RBG size
· Single granularity for both starting point and length
	· 

	Time-domain RA
	· Different characteristics of time domain resource between eMBB and URLLC
· Low latency requirement needs immediate transmission and flexible starting symbol
· High reliability requirements needs enough duration(e.g. repetition)
	· URLLC-specific pdsch-symbolAllocation
· Redefined pdsch-symbolAllocation
· Flexible PDSCH duration,1-14 symbols
· PDSCH starting symbol indication relative to PDCCH
· PDSCH duration across slot boundary
· Semi-static configuration for PDSCH time-domain resource allocation
	· 40

	Modulation and coding scheme
	· MCS range is limited for a while due to channel condition of UE does not varies significantly
	· Configurable MCS table for URLLC
	· 54

	Redundancy version
	· Retransmission number is smaller due to small delay budget. Typical value is 1.
	· Smaller number of Redundancy version, such as {RV0, RV3}
· For one shot transmission, RV is configured semi-statically.
	· 21

	HARQ process number
	· Low latency requirement makes HARQ round trip time faster
	· Less HARQ process number

	· 43 

	Downlink assignment index

	· Small HARQ-ACK codebook due to low latency
	· Semi-static codebook with small HARQ-ACK codebook size
	· 20 

	PUCCH resource indicator
	HARQ-ACK is not always meaningful. 
· HARQ-ACK feedback occasion exceeds latency requirement in some SFI configurations. 
· UE with large queuing delays does not have enough time to feedback HARQ-ACK or retransmission
	· PUCCH resource indicator can be removed 
· Specific value is included in PUCCH resource indicator to indicate no HARQ-ACK transmission.
· Implicit PUCCH resource indication
	· 30


Note: the second value of last column means the smallest value and the actual size can be configurable.
Proposal 1: Potential reduction of the number of bits compared to Rel-15 DCI includes: 
· Frequency domain resource assignment
· Time domain resource assignment
· Modulation and coding scheme
· HARQ process number
· Redundancy version 
· PUCCH resource indicator
· Downlink assignment index
1.2 PDCCH monitoring capability 
Non-overlapped CCE number
In 97, one agreement on non-overlapped CCE number was achieved that the per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain combination (X, Y, ) is C. However, there are still open issues.
Firstly, the existing Rel-15 slot-level PDCCH monitoring capability is suitable for eMBB traffic, so the existing Rel-15 slot-level PDCCH monitoring capability needs to be reported. To support URLLC traffic, the per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span also needs to be reported. So, one or more PDCCH monitoring capabilities can be reported. One typical case is that both Rel-15 slot-level PDCCH monitoring capability and the maximum number of non-overlapping CCE per monitoring span are reported
When more than one PDCCH monitoring configurations are reported, the maximum value of C among more than one PDCCH monitoring configurations is selected.
Due to more than one PDCCH monitoring configurations can be reported to match different traffic, e.g. URLLC and eMBB, or different search space, e.g. CSS and USS. So, for one PDCCH monitoring configuration, the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same.
Proposal 2: One or more PDCCH monitoring configurations can be reported.
Proposal 3: the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same.
Considering larger subcarrier space leads shorter symbol duration, so frequent PDCCH monitoring occasion is not necessary. So, the PDCCH monitoring enhancement can focus on smaller subcarrier space, such as 15kHz and 30kHz. And 30 kHz is friendlier to URLLC, so 30kHz should be considered for PDCCH monitoring enhancement firstly.
Proposal 4: Increased PDCCH monitoring capability is supported in 30kHz firstly.
To support URLLC, 7 monitoring occasion per slot should be supported, especially for cell center and middle UE.  For cell edge UE, PDSCH/PUSCH duration may be longer to satisfy URLLC reliability, so frequent monitoring occasion cannot provide benefit for cell edge UE due to the bottleneck of latency is PDSCH/PUSCH duration. So for cell edge UE, normal monitoring occasion per slot is enough.
For frequent monitoring occasion, e.g. 7 per slot, the maximum number of non-overlapped CCE could be smaller, e.g. 8, to mainly support cell center or middle UE. For normal monitoring occasion, e.g. 2 per slot, the maximum number of non-overlapped CCE needs to be larger, e.g. 32, to support cell edge UE. In addition, for normal monitoring occasion, PDCCHs are concentrated in limited monitoring occasion and PDCCH number per monitoring occasion become larger, so the maximum number of non-overlapped CCE needs to be larger for normal monitoring occasion.
Table 3 the maximum number of non-overlapped CCE per PDCCH monitoring span
	
	X
	Y
	C

	
	
	
	u=1

	Combination 1
	2
	1
	8

	Combination 2
	2
	2
	8

	Combination 3
	4
	2
	16

	Combination 4
	7
	2
	32

	Combination 5
	7
	3
	32



Proposal 5: The per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain combination (X, Y, ) is listed in Table 3.
DCI size alignment
New DCI format will impact DCI size budget or alignment. If new DCI size is added, then PDCCH blind decoding number increases or PDCCH candidate per DCI size decreases, which impacts PDCCH schedule flexibility and increases PDCCH blockage probability. So it should be avoid increasing DCI size budget per search space.
Maintaining DCI size budget per search space does not mean to maintain current DCI size budget. According current specification, DCI size budget is defined for all search space. If one UE supporting both eMBB and URLLC, then DCI size budget may be not enough. But if DCI size budget is defined for each search space, then DCI size budget is enough and does not increase UE complexity. For example, Fallback DCI and new DCI are configured in one search space for URLLC, and fallback DCI and normal DCI (DCI format 1_1/0_1) are configured in another search space for eMBB.
Proposal 6: It should be avoid increasing DCI size budget per search space.
Conclusions
In this contribution, we show our views on PDCCH enhancement for URLLC with following proposals:
Proposal 1: Potential reduction of the number of bits compared to Rel-15 DCI includes: 
· Frequency domain resource assignment
· Time domain resource assignment
· Modulation and coding scheme
· HARQ process number
· Redundancy version 
· PUCCH resource indicator
· Downlink assignment index
Proposal 2: One or more PDCCH monitoring configurations can be reported.
Proposal 3: The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same.
Proposal 4: Increased PDCCH monitoring capability is supported in 30kHz firstly.
Proposal 5: The per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain combination (X, Y, ) is listed in Table 3.
Proposal 6: It should be avoid increasing DCI size budget per search space.
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