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1 Introduction
In the previous meetings, some agreements related to DCI formats and PDCCH monitoring were achieved. The following agreements were made in RAN1 #96Bis, #97 and #98 [1] [2] [3]. 
In RAN1 meeting #96b [1],
Agreements:
Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
· Carrier indicator (0 bit or at least one non-zero bit)
· PRB bundling size indicator (0 or 1 bit)
· Rate matching indicator (0, 1 or 2 bits)
· ZP CSI-RS trigger (0, 1 or 2 bits)
Agreements:
The following fields from Rel-15 DCI format 1_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the DL DCI format scheduling Rel-16 URLLC. 
· Modulation and coding scheme for TB 2
· New data indicator for TB 2
· Redundancy version for TB 2
· CBG transmission information 
· CBG flushing information 
Agreements:
Keep the following two fields without any change from Rel-15 DCI in DCI format scheduling Rel-16 URLLC:
· Identifier for DCI formats (1 bit) (when applicable)
· New data indicator (1 bit)
In RAN1 meeting #97 [2],
Agreement
In case 2 TBs are scheduled in the downlink, the timing of the ACK/NACKs for the scheduled TBs is with respect to the last TB scheduled by the DCI, detailed value FFS.
· For the case of 1 TB scheduling, legacy UE behavior is maintained

Agreements:
· The size of each DCI format is determined by the configuration of the corresponding active bandwidth part of the scheduled cell and shall be adjusted as described in clause 7.3.1.0 if necessary.
Agreements:
· For information, the following cases are clarified:
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Case 1: PDCCH monitoring periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot
In RAN1 meeting #98[3],
Agreement:
· Introduce one new DCI format for DL scheduling and one new DCI format for UL scheduling with configurable sizes for some fields in Rel-16.

Agreements:
Support separate configurable number of bits (2 or 3 or 4 bits) for “HARQ process number” for new DCI formats for scheduling DL and UL
FFS 0 or 1 bits
Agreements:
If UE reports the support of more than one combination of C(X, Y) for a given SCS, and if multiple combinations of C(X, Y) are valid for the span pattern, the maximum value of C of the valid combinations is applied.  
· A combination C(X, Y) is valid if the span pattern satisfies X and Y of the given combination in every slot, including cross slot boundary
· FFS the impact from empty span(s) on the span pattern
Agreements:
Support (2, 2) (4, 3) (7, 3) defined in UE feature 3-5b as the combination (X, Y) for Rel-16 PDCCH monitoring capability on the per-CC limit on the maximum number of non-overlapping CCEs   for URLLC.    
· Combination (2, 1) (4, 1) (4, 2) (7, 1) (7, 2) are not additionally introduced
· FFS (3, 3) or (3,2) 
· UE reports the supported combinations per SCS 
· (2, 2)(4, 3)(7, 3) applicable for 15 kHz and 30 kHz
· FFS for 60 kHz and 120 kHz
In this contribution paper, we discuss DCI formats with configurable sizes and the related issues in Sec. 2. In Sec. 3 we discuss the second PDCCH enhancements objective of increased PDCCH monitoring capability. 

2 DCI formats
In the Rel-16 NR URLLC, it is supported that the sizes of some fields in DCI are configurable. And some fields can be reduced. The goal of the minimum DCI size is to reduce the DCI format size by 10 to 16 bits from the Rel-15 fallback DCI, and the maximum DCI size can be greater than the Rel-15 fallback DCI. From the progress of the current discussion, some fields of DCI formats have been identified. But some are still debatable.
· RV field design
For URLLC, the latency will reduce the possible HARQ-retransmission possibilities and for certain latency targets the communication will need to fully rely on single shot transmissions. Therefore, we consider the reduction of redundancy version field in order to improve performance and reduce payload. And the impact of reducing redundant version fields to 1bit on retransmission performance is further evaluated. The result is that combining reduction RV field with slot numbers or other information can avoid the performance loss caused by RV TB 1 reduction to a certain extent. The details could be find in [4]. But again, if the same DCI is to be used for URLLC and eMBB operation of a single UE, the RV flexibility may still be required. Therefore, we need to configure the redundant version fields according to the impact on performance. To guarantee the performance of the retransmission, we think the RV field can become configurable from 0 up to 1 bits.
Proposal 1: RV field can become configurable from 0 up to 1 bits.

3 PDCCH monitoring enhancement
· PDCCH monitoring enhancements for 15 kHz and 30 kHz
In order to achieve PDCCH monitoring enhancements, we suppose to increase of number of non-overlapping CCEs. However, restrictions should be defined in order not to bring significant UE processing complexity. We think there is no need to consider PDCCH monitoring enhancements for 60 kHz and other higher SCS. The higher SCS, the shorter slot durations. In this case, the number of control resources is sufficient for frequent PDCCH monitoring. We should just consider the PDCCH monitoring enhancements for 15 kHz and 30 kHz.
Proposal 2: Just consider the PDCCH monitoring enhancements for 15 kHz and 30 kHz.
· Values of combination of (X, Y) and C
    From the progress of the current discussion, if UE reports the support of multiple combinations of (X, Y), the maximum value of C of the valid combinations is applied. And for 15 kHz and 30 kHz, combinations (2, 2), (4, 3) and (7, 3) are supported. Combinations (7, 1) and (7, 2) are not considered because (7, 3) can support it. In the same way, combinations (4, 1) and (4, 2) are also ignored. We think that spans are not allowed to cross the slot-boundaries for convenience. Within a slot, the first monitoring span is at the beginning of this slot. Therefore, for combinations (2, 2), (4, 3) and (7, 3), there are 7, 3 and 2 monitoring occasions in a slot at most, separately. 








Figure 1. Monitoring spans in a slot with different (X, Y)
And other monitoring occasions number can also be considered. Because it can provide some flexibility to support multiple PDCCH monitoring occasions in a slot for URLLC. Combinations (3, 3) or (3, 2) support at most 4 monitoring occasions in a slot. But the span patterns (3, 3) and (3, 2) are not defined in the UE feature group for the number of valid DCIs. If these newly proposed configurations would be introduced for the maximum number of non-overlapping CCEs, then there is no matching pattern available for the DCIs. This could then require a deeper investigation.
Proposal 3: whether or not to add new combinations (X, Y) = (3, 3) or (X, Y) = (3, 2) needs a deeper investigation
The maximum number of non-overlapping CCE for channel estimation per monitoring span should be an improvement over the existing Rel-15 per-slot limit. It is defined according to spans not slot. Further, we should also consider the UE complexity into account. We propose the following per-CC limit in Table 1. 

Table 1: The maximum number of non-overlapping CCE per monitoring span for different combination of (X, Y) and SCS.
	 
	X
	Y
	C(per span)

	
	
	
	=0
	=1

	Combination 1
	2
	2
	24
	24

	Combination 2
	4
	3
	36
	36

	Combination 3
	7
	3
	56
	56

	Combination 4
	3
	2 or 3
	32
	32



Proposal 4: Define the value C per PDCCH monitoring span for a combination of SCS and (X, Y) as in Table 1.

4 Conclusion
In this contribution, some PDCCH enhancements were discussed and proposed for consideration. Based on above discussions, our proposals in this contribution are summarized as follows.
Proposal 1: RV field can become configurable from 0 up to 1 bits.
Proposal 2: Just consider the PDCCH monitoring enhancements for 15 kHz and 30 kHz.
Proposal 3: Whether or not to add new combinations (X, Y) = (3, 3) or (X, Y) = (3, 2) needs a deeper investigation
Proposal 4: Define the value C per PDCCH monitoring span for a combination of SCS and (X, Y) as in Table 1.
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