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1. Introduction

In this contribution, we discuss remaining issues on PDCCH enhancement to be specified from RAN1 point of view. 
2. Issue #1: DCI format identification
2.1. Discussion
	Agreement

It is allowed to configure both DCI format 0_1/1_1 and DCI format 0_2/1_2 to be monitored in a certain search space set for scheduling the same cell. 

· This feature is UE optional 


According to the above agreement, a UE cannot identify between DCI format 0_1/1_1 and DCI format 0_2/1_2 on a search space set in which both formats are configured to be monitored if the size of DCI format 0_1/1_1 is aligned with that of DCI format 0_2/1_2. To avoid this ambiguity, the following options can be considered:
· Option 1: The UE is not expected to be configured with DCI format 0_1/1_1 and DCI format 0_2/1_2 having the same size when both formats are configured to be monitored in a certain search space set.

· Option 2: One DCI format is assumed when both formats are configured to be monitored in a certain search space set.
· Option 3: One DCI format (e.g., DCI format 0_1/1_1) can be zero-padded until the size is not aligned with other DCI format (e.g., DCI format 0_2/1_2).

· Option 4: Some of PDCCH candidates (e.g., with even index) are assumed as DCI format 0_1/1_1 while other candidates (e.g., with odd index) are assumed as DCI format 0_2/1_2. 
Meanwhile, this ambiguity is problematic more generically, e.g., for case where DCI format 0_1/1_1 is configured to be monitored in one search space set while DCI format 0_2/1_2 is configured to be monitored in another search space set and PDCCH candidates of two search space sets are perfectly overlapped. In this case, the following options can be considered:
· Option 1: The UE is not expected to be configured with DCI format 0_1/1_1 and DCI format 0_2/1_2 having the same size.

· Option 2: One DCI format is always assumed.

· Option 3: One DCI format (e.g., DCI format 0_1/1_1) can be zero-padded until the size is not aligned with other DCI format (e.g., DCI format 0_2/1_2).

· Option 4: One DCI format with the lower search space set ID is assumed.

Proposal 1: When both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored in a certain search space set, the following options can be further discussed:
· Option 1: The UE is not expected to be configured with DCI format 0_1/1_1 and DCI format 0_2/1_2 having the same size when both formats are configured to be monitored in a certain search space set.

· Option 2: One DCI format is assumed when both formats are configured to be monitored in a certain search space set.

· Option 3: One DCI format (e.g., DCI format 0_1/1_1) can be zero-padded until the size is not aligned with other DCI format (e.g., DCI format 0_2/1_2).

· Option 4: Some of PDCCH candidates (e.g., with even index) are assumed as DCI format 0_1/1_1 while other candidates (e.g., with odd index) are assumed as DCI format 0_2/1_2. 
Proposal 2: When DCI format 0_1/1_1 is configured to be monitored in one search space set while DCI format 0_2/1_2 is configured to be monitored in another search space set and PDCCH candidates of two search space sets are perfectly overlapped, the following options can be further discussed:
· Option 1: The UE is not expected to be configured with DCI format 0_1/1_1 and DCI format 0_2/1_2 having the same size.

· Option 2: One DCI format is always assumed.

· Option 3: One DCI format (e.g., DCI format 0_1/1_1) can be zero-padded until the size is not aligned with other DCI format (e.g., DCI format 0_2/1_2).

· Option 4: One DCI format with the lower search space set ID is assumed.

3. Issue #2: PDCCH overbooking with Rel-16 PDCCH monitoring capability

3.1. Discussion

	Agreement

PDCCH monitoring can be configured based on either Rel-15 capability (i.e. per slot based capability) or Rel-16 capability (i.e. per span based capability) on a serving cell 

· gNB configures which capability is used
· 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
· PDCCH dropping is performed in a span if needed   
· PDCCH overbooking and PDCCH dropping are only allowed on PCell and PSCell
· FFS PDCCH overbooking and PDCCH dropping are not performed in all spans in a slot
· PDCCH overbooking and PDCCH dropping are only performed in the span with CSS present 
· The maximum number of monitored PDCCH candidates per span is
· M1 per span for (2, 2)
· M2 per span for (4, 3)
· M3 per span for (7, 3)
· Note: 

· The total number of monitored PDCCH candidates is not smaller than the limit per slot in Rel-15

· The value of M1, M2 and M3 can be different and SCS dependent 

· Note: PDCCH overbooking and PDCCH dropping are not performed per slot


As an enhancement of Rel-16 URLLC, increased PDCCH monitoring capability is defined in Rel-16. One FFS point is how to determine span(s) to perform PDCCH overbooking and PDCCH dropping in a slot. To avoid excessive burden from UE perspective, PDCCH overbooking and PDCCH dropping should not be performed in all spans in a slot. During the discussion, there was a suggestion that PDCCH overbooking and PDCCH dropping are only performed in the span with CSS present, which in our understanding may be somewhat restrictive from gNB perspective. To keep a balance between UE complexity and gNB flexibility, UE capability on the number of spans for PDCCH overbooking and dropping can be considered. Then, the UE can perform PDCCH overbooking and dropping in the declared/reported number of spans from the first (or indicated) span in a slot. 
Proposal 3: UE capability on the number of spans for performing PDCCH overbooking and dropping in a slot is defined.
4. Conclusions

In this contribution, we discussed remaining issues on PDCCH enhancements for NR URLLC. Based on the above discussion, our proposals are given as follows:
Proposal 1: When both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored in a certain search space set, the following options can be further discussed:
· Option 1: The UE is not expected to be configured with DCI format 0_1/1_1 and DCI format 0_2/1_2 having the same size when both formats are configured to be monitored in a certain search space set.

· Option 2: One DCI format is assumed when both formats are configured to be monitored in a certain search space set.

· Option 3: One DCI format (e.g., DCI format 0_1/1_1) can be zero-padded until the size is not aligned with other DCI format (e.g., DCI format 0_2/1_2).

· Option 4: Some of PDCCH candidates (e.g., with even index) are assumed as DCI format 0_1/1_1 while other candidates (e.g., with odd index) are assumed as DCI format 0_2/1_2. 
Proposal 2: When DCI format 0_1/1_1 is configured to be monitored in one search space set while DCI format 0_2/1_2 is configured to be monitored in another search space set and PDCCH candidates of two search space sets are perfectly overlapped, the following options can be further discussed:

· Option 1: The UE is not expected to be configured with DCI format 0_1/1_1 and DCI format 0_2/1_2 having the same size.

· Option 2: One DCI format is always assumed.

· Option 3: One DCI format (e.g., DCI format 0_1/1_1) can be zero-padded until the size is not aligned with other DCI format (e.g., DCI format 0_2/1_2).

· Option 4: One DCI format with the lower search space set ID is assumed.

Proposal 3: UE capability on the number of spans for performing PDCCH overbooking and dropping in a slot is defined.

