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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 #98Bis and #99 [1][2][3].

In RAN1 meeting #98Bis[1][2],
Agreements:
Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in the new DCI format for DL scheduling for Rel-16 URLLC.
· If 0 bit is configured, RV0 is used. 
· If 1 bit is configured, RV0 and RV3 are indicated dynamically  
Agreements:
For the new DCI format for DL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
· Antenna port(s) (0 or 4/5/6 bits)
· New RRC configuration parameters are introduced for this configuration
· Transmission configuration indication (0 or 3 bits)
· FFS 1 or 2 bits
· SRS request (0 or 2 or 3 bits)
· FFS 1 bit
· DMRS sequence initialization (0 or 1 bit) 
Agreements:
For resource allocation type 1 for frequency domain resource assignment for the new DCI formats scheduling Rel-16 URLLC, the possible configurable values for the scheduling granularity for starting point and length indication is {2, 4, 8, 16}. 
· If not configured, the granularity is 1 PRB. 
· FFS other possible values
In RAN1 meeting #99[3],
Agreements:
Support 5 bit “modulation and coding scheme” in DCI format 0_2/1_2 as in Rel-15 without any change.
Agreements:
Support additional 1 or 2 bits for “Transmission configuration indication” in DCI format 1_2 
· The candidate value of range for tci-PresentInDCI-ForDCIFormat1_2 is {1, 2, 3} 
· 0 bit for “Transmission configuration indication” in DCI format 1_2 if tci-PresentInDCI-ForDCIFormat1_2 is not configured
· Same RRC configuration on the TCI state list for DCI format 1_1 and DCI format 1_2
· Same TCI states for DCI format 1_1 and DCI format 1_2 are activated by MAC CE
· If 1 bit is configured, then the first two TCI states activated by MAC CE can be dynamically indicated by this 1 bit for single TRP
· If 2 bits is configured, then the first four TCI states activated by MAC CE can be dynamically indicated by this 2 bits for single TRP
Agreements:
Support separate UE capability signaling of the supported combination (X, Y, ) 
· The support of each (X, Y, ) can be reported separately for different minimum processing capability. 
The value of C for combination (7, 3) for 15 kHz and 30 kHz is 56.
The value of C for combination (4, 3) for 15 kHz and 30 kHz is [FFS]. 
The value of C for combination (2, 2) for 15 kHz and 30 kHz is [FFS]. 
· FFS: Different values for 15kHz and 30kHz
Agreements:
· For “SRS resource indicator” in DCI format 0_2, 
· Introduce new RRC parameters maxMIMO-Layers-ForDCIFormat0_2 and srs-ResourceSetToAddModList-ForDCIFormat0_2 
· The number of bits for SRS resource indicator field in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1. 
· Same RRC configuration by Rel-15 higher layer parameter txConfig is applied to both DCI formats 0_1 and 0_2 
Agreements:
For “precoding information and number of layers” in DCI format 0_2 
· Introduce new RRC parameters maxRank-ForDCIFormat0_2 and codebookSubset-ForDCIFormat0_2. 
· The number of bits for precoding information and number of layers in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1. 
Agreements:
For “Antenna port” in DCI format 0_2 
· Introduce new RRC parameters dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2. 
· If none of the above two RRC parameters is configured, then 0 bit for “Antenna port” in DCI format 0_2 (the port follows the same port index as in the fallback DCI)
Otherwise, the number of bits for “Antenna port” in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1. 
Agreements:
Support new RRC configuration for “PTRS-DMRS association” in DCI format 0_2 
· Introduce new RRC parameters PTRS-UplinkConfig-ForDCIFormat0_2. 
· Reuse the Rel-15 procedure to determine the field size for PTRS-DMRS association field of DCI format 0_1 for the new DCI format 0_2.

Agreements:
Other entries with K0>0 can also be included in the same TDRA table where new reference of the SLIV is applied to the entries with K0=0 for DCI format 1_2. 
•	For other entries (if any) in the same TDRA table, the reference is slot boundary as in Rel-15
Agreement
The new reference of SLIV is not expected to be configured for a serving cell configured to be scheduled with cross-carrier scheduling
· Applies only for the case of different numerologies
Agreement (RRC impact)
For frequency domain resource assignment for the new DCI format 0_2/1_2, resource allocation type 0 is supported without any change from Rel-15
· Support dynamic switching between resource allocation type 0 and type 1 

In RAN1 meeting #99, the most detailed design of the DCI 0_2 and 1_2 fields have reached agreements. There are only few remaining issues. This contribution paper, we discuss DCI formats related remaining issues in Sec. 2. In Sec. 3 we discuss the PDCCH enhancements objective of increased PDCCH monitoring capability.
2 DCI formats
From the progress of the current discussion, most fields of DCI formats in the Rel-16 NR URLLC have been identified. But some of the following issues in the new DCI format can be considered.
PDSCH-to-HARQ_feedback timing indicator
The gNB can configure the UE that supports multiple services with different HARQ-ACK codebooks, each of which is suitable for one the services. Using different DCI formats scheduling different services are unnecessary, which need to consider different CORESETs for scheduling PUSCH/PDSCH using different DCI formats. For simplicity and resource conservation, we think configuring one UE with two HARQ-ACK codebooks using only one DCI formats (1_1 or 1_2 for DL, 0_1 or 0_2 for UL) should be supported. Further, new DCI format 0_2/1_2 can also be applied for scheduling eMBB and support dynamical switching from scheduling PDSCHs corresponding to eMBB and URLLC.

Proposal1: UE can be configured to support two HARQ-ACK codebooks using only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL).
Proposal2:  New DCI format 0_2/1_2 can also be applied for scheduling eMBB.
If DCI format 1_2 can be used to dynamical switching from scheduling PDSCHs corresponding to eMBB and URLLC, the number of bits for “PDSCH-to-HARQ_feedback timing indicator” in DCI format 1_2 should be flexible. According to the agreements in UCI enhancements, separate configuration of dl-DataToUL-ACK is supported for different HARQ-ACK codebooks, which may result in different number of bits for “PDSCH-to-HARQ_feedback timing indicator” in DCI format 1_2. The bit width of “PDSCH-to-HARQ_feedback timing indicator” fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. But the spacing unit and granularity should be indicated directly.
Proposal3: The bit width of “PDSCH-to-HARQ_feedback timing indicator” fields for the two configurations corresponding to the two HARQ-ACK codebooks should alignment. But the spacing unit and granularity should be indicated directly.
The PDCCH configurations for scheduling the different service should be made differentiable. This can be done in one of two ways: (1) They are differentiable before decoding the DCI, and (2) They are differentiable only after decoding the DCI. The second approach can, for example, be adopted by configuring different DCI sizes for scheduling eMBB and for scheduling URLLC  

Proposal4: The DCI size for scheduling eMBB is allowed to be different from the DCI size for scheduling URLLC. 
3 PDCCH monitoring enhancement
· PDCCH monitoring enhancements for 15 kHz and 30 kHz
In Rel.15 NR, the limits of PDCCH CCEs are specified as following Table 1 in TS 38.213 [5].


Table 1: Maximum number of non-overlapped CCEs per slot for a single serving cell as a function of the subcarrier spacing value  kHz, 
	

	
Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32



For SCS=15kHz and 30kHz in rel-15, the maximum number of non-overlapping CCE for channel estimation per slot is the same. Rel-16 should increase the value C of maximum number of non-overlapped CCEs per slot on the whole, while there is no need to define different value C for 15kHz and 30kHz .
Proposal 5: Define the same value C per PDCCH monitoring span for a combination (X, Y) for 15kHz and 30kHz.
Just consider the maximum number of CCE within 1ms. When the SCS is 30 kHz, 60 kHz and 120kHz, respectively, the maximum number of non-overlapped CCE within 1ms for a single serving cell is 112,192 and 256. We can observe that the short slot durations for the higher SCSs and the already available number of CCEs are sufficient for frequent PDCCH monitoring. A further increase would not bring significant performance gains, but would cause an unnecessary specification and implementation effort. We think there is no need to consider PDCCH monitoring enhancements for 60 kHz and other higher SCS. 
Proposal 6: The PDCCH monitoring enhancements for 60 kHz and other higher SCS is not necessarily.
Further, the maximum number of non-overlapping CCE for channel estimation in rel-16 should have an improvement over the existing Rel-15. It is defined according to the monitoring span, which is a finer granularity and shorter than a slot. However, we should also take the complexity of UE implement into account. RAN1#99 meeting already specified the value of C for combination (7, 3) for 15 kHz and 30 kHz is 56. Simultaneously, reference to the value of LTE short TTI/URLLC, there are maximum 138 CCEs per subframe (1ms). The maximum number of CCEs per span should around 112 per 1ms. So, we propose the following per-CC limit for combination (4, 3) and (2, 2) in Table 2.  
Table 2: 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
	16
	16

	Combination 2
	4
	3
	36
	36

	Combination 3
	7
	3
	56
	56



Proposal7: Specifically, the value of C for combination (4, 3) for 15 kHz and 30 kHz can be 36, for combination (2, 2) can be 16. The value can be fine-tuned according to simulation results.
· PDCCH overbooking and PDCCH dropping
RAN1#99 have made a working assumption that PDCCH monitoring for both eMBB and URLLC can be configured based on either Rel-15 capability or Rel-16 capability. For Rel-16 PDCCH monitoring capability, the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot, each span can cover CSS and/or USS. Hence, we should consider PDCCH dropping if PDCCH monitoring is configured based on Rel-16 capability. However, we think PDCCH overbooking has no need to be performed in all spans.
Proposa1 8:  For reducing operational complexity, PDCCH overbooking and PDCCH dropping are only performed in the span with CSS present rather than in all spans in a slot
When the obtained PDCCH monitoring span arrangement is invalid and the limit is exceed according rel-16 PDCCH monitoring capability, there are three approaches for supporting PDCCH overbooking and how to PDCCH perform the PDCCH dropping. The first option is that UE to drop all PDCCH candidates in the monitoring span, which is too restrictive. The second option continuously drop all candidates in the search space with highest search space set indices until the number of candidates to does not exceed the CCE limit per monitoring span. While in the third option, PDCCH dropping is discontinuous and random. Some PDCCH candidates in a search space can still be monitored until the limit is exceeded.
Proposa19:  For balancing the efficient scheduling and operational complexity, option2 with some extent of restriction is preferred.

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: UE can be configured to support two HARQ-ACK codebooks using only one of the  two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL).
Proposal 2:  New DCI format 0_2/1_2 can also be applied for scheduling eMBB.
Proposal3: The bit width of “PDSCH-to-HARQ_feedback timing indicator” fields for the two configurations corresponding to the two HARQ-ACK codebooks should alignment. But the spacing unit and granularity should be indicated directly.
Proposal 4: The DCI size for scheduling eMBB is allowed to be different from the DCI size for scheduling URLLC. 
Proposal 5: Define the same value C per PDCCH monitoring span for a combination (X, Y) for 15kHz and 30kHz.
Proposal 6: The PDCCH monitoring enhancements for 60 kHz and other higher SCS is not necessarily.
Proposal 7: Specifically, the value of C for combination (4, 3) for 15 kHz and 30 kHz can be 36, for combination (2, 2) can be 16. The value can be fine-tuned according to simulation results.
Proposa1 8:  For reducing operational complexity, PDCCH overbooking and PDCCH dropping are only performed in the span with CSS present rather than in all spans in a slot.
Proposa19:  For balancing the efficient scheduling and operational complexity, option2 with some extent of restriction is preferred.
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