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1. Introduction
In this contribution, we discuss remaining issues on PDCCH enhancement to be specified from RAN1 point of view. 

Issue #1: Further extension of DCI size alignment due to introduction of DCI format 0_2/1_2
1.1. Discussion
According to the current Rel-16 specification, for a given BWP on a serving cell, a UE can be configured to monitor DCI formats 0_1/1_1 and/or 0_2/1_2. Thus, one thing to be addressed is ambiguity if DCI format 0_1/1_1 and DCI format 0_2/1_2 have the same DCI size as there is no differentiation tool for those DCI formats. Analogously, DCI format 0_2/1_2 and DCI format 0_0/1_0 needs to be also distinguished. Multiple options have been on the table and extensively discussed but failed to have a consensus yet. Regardless of the options, the solution should be simple and have a minimum specification impact considering we are already behind the schedule. The bit padding would be fine but this addition should be applied to DCI format 0_1/1_1 considering the motivation of introduction of DCI format 0_2/1_2 (i.e., giving flexibility as much as possible for a chance to reduce the DCI size). The bit padding would provide more flexibility for gNB while it would induce unnecessary additional bit for DCI payload. Considering gNB can adjust the size of DCI format 1_2/0_2 with full degrees of freedom by RRC parameters, this issue may be possibly handled by gNB implementation without significant loss of gNB flexibility.  
Proposal 1: To distinguish DCI format 0_2/1_2 from DCI format 0_0/1_0 and/or DCI format 0_1/1_1, one of the following two options can be taken into account
· Option 1: One zero-padding bit is added to DCI format 0_1/1_1 when necessary. 
· Option 2: The UE is not expected to be configured with DCI format 0_2/1_2 and DCI format 0_1/1_1 having the same size. The UE is not expected to be configured with DCI format 0_2/1_2 and DCI format 0_0/1_0 having the same size.

Issue #2: Correction on span definition
1.2. Discussion
For convenience, the below text is copied from TS 38.213 v16.1.0. 
	10	UE procedure for receiving control information
<Unchanged text is omitted>
A UE reports one or more combinations of  number of symbols, where , for PDCCH monitoring. A span is a set of consecutive symbols in a slot in which the UE is configured to monitor PDCCH candidates. The UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including across slots. The duration of a span is , where  is a maximum duration among durations of CORESETs that are configured to the UE and  is a minimum value of  in the combinations of  that are reported by the UE. A last span in a slot can have a shorter duration than other spans in the slot. 


The highlighted part in yellow should be re-assessed. According to the current text, if a UE reports (2,2), (4,3) and (7,3), then d_span would be always  as the minimum value of Y is 2. However, considering the following span pattern below,  in this case should be 3 instead. Thus this should be clarified in the specification. 
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Proposal 2: When determining the duration of a span, Y_min should be derived among applicable combinations of (X,Y) for the given SS set configurations to the UE.  

1.3. Text proposal

	Modified subclause (10 of TS38.213 v16.1.0)


10	UE procedure for receiving control information
<Unchanged text is omitted>
A UE reports one or more combinations of  number of symbols, where , for PDCCH monitoring. A span is a set of consecutive symbols in a slot in which the UE is configured to monitor PDCCH candidates. The UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including across slots. The duration of a span is , where  is a maximum duration among durations of CORESETs that are configured to the UE and  is a minimum value of  in the applicable combinations of  for the search space sets configured to the UE among combinations of  that are reported by the UE. A last span in a slot can have a shorter duration than other spans in the slot.
	End of modifications
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Issue #3: PDCCH overbooking with Rel-16 PDCCH monitoring capability
1.4. Discussion
	Proposal #1: For PDCCH overbooking/dropping, down select one from the following options:
       Option 1：PDCCH overbooking/dropping is only performed in a span with CSS present
o   Alt. 1: All span(s) with CSS present within a slot, including type-3 CSS
o   Alt. 2: All span(s) with CSS present within a slot, except for type-3 CSS
o   Alt. 3: At most X span(s) with CSS present within a slot, including type-3 CSS 
  FFS: If the number of spans with CSS present within a slot is larger than X, then PDCCH overbooking/dropping is performed in the first X spans with CSS present
  For the value of X,
· Alt.3-1: X=2 
· Alt.3-2: X=1
· Alt.3-3: X is UE capability, the candidate value for X is {1, 2, FFS}  
        Option 2：PDCCH overbooking/dropping is only performed in at most X span(s) within a slot;
o    Alt. 1: the value of X is 1
o   Alt. 2: X is UE capability, the candidate value for X is {1, 2, FFS}  
· Option 3: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span. 


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. From the options identified during the discussions, the options for which we cannot expect any reduction of PDCCH overbooking/dropping should be precluded, e.g., Alt 1/2 of option 1 and option 3. Particularly, it is unclear how much difference the option can provide with or without considering CSS (or type-3 CSS). We think PDCCH overbooking/dropping do not necessarily have to be limited to the first X spans, in other words, this can happen in any X spans as long as the location is given to the UE in advance by RRC configuration. Our preference is option 2, and the second preference would be alt 3 of option 1. 
Proposal 3: PDCCH overbooking/dropping is only performed in at most X span(s) within a slot, and the location information of X span(s) to perform PDCCH overbooking/dropping can be configured by higher layer signaling. 

Issue #4: Determination of DCI field sizes for the case of two HARQ-ACK codebooks
1.5. Discussion
	Working assumption:
When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following 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. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)


The size of PRI field for DCI format 1_2 is determined by numberOfBitsForPUCCH-ResourceIndicatorForDCI-Format1-2-r16 in PUCCH-Config. If DCI format 1_2 can be used for both HARQ-ACK codebooks and different parameters are configured between two PUCCH-Configs, the above handling can be also applied. 
Meanwhile, the CBG operation for PUSCH is nothing to do with two HARQ-ACK codebook constructions. The size alignment for CBGTI and CBGFI would be only for PDSCH case, and there has been no agreement to support separate CBG operation for PUSCH with different priorities. Considering these aspects, the above handling for CBG related field should not be applied to UL DCI format 0_1. 
Proposal 4: The working assumption can be confirmed with the following update:
Working assumption:
When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following 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. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
· PUCCH resource indicator

1.6. Text proposal
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7.3.1.1.2	Format 0_1
<Unchanged text is omitted>
-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PUSCH is not configured or if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH. 
[When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG transmission information in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission information in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission information in DCI format 0_1 for the two HARQ-ACK codebooks are the same.]
<Unchanged text is omitted>
7.3.1.2.3	Format 1_2
<Unchanged text is omitted>
-	PUCCH resource indicator – 0 or 1 or 2 or 3 bits determined by higher layer parameter Numberofbits-forPUCCHresourceindicator-ForDCIFormat1_2
	When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the PUCCH resource indicator in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the PUCCH resource indicator in DCI format 1_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller PUCCH resource indicator until the bit width of the PUCCH resource indicator in DCI format 1_2 for the two HARQ-ACK codebooks are the same.
-	PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter dl-DataToUL-ACK-ForDCIFormat1_2.
When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller PDSCH-to-HARQ_feedback timing indicator until the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>
	End of modifications
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2. 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: To distinguish DCI format 0_2/1_2 from DCI format 0_0/1_0 and/or DCI format 0_1/1_1, one of the following two options can be taken into account
· Option 1: One zero-padding bit is added to DCI format 0_1/1_1 when necessary. 
· Option 2: The UE is not expected to be configured with DCI format 0_2/1_2 and DCI format 0_1/1_1 having the same size. The UE is not expected to be configured with DCI format 0_2/1_2 and DCI format 0_0/1_0 having the same size.
Proposal 2: When determining the duration of a span, Y_min should be derived among applicable combinations of (X,Y) for the given SS set configurations to the UE.  
Proposal 3: PDCCH overbooking/dropping is only performed in at most X span(s) within a slot, and the location information of X span(s) to perform PDCCH overbooking/dropping can be configured by higher layer signaling. 
Proposal 4: The working assumption can be confirmed with the following update:
Working assumption:
When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following 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. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
· PUCCH resource indicator
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