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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss the following remaining issues on UL control information enhancements for URLLC:
· Intra-UE cancellation timeline
· [bookmark: _Hlk39588039]HARQ-ACK codebook construction
· PHY priority when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP

[bookmark: _Ref129681832]Intra-UE Cancellation Timeline
In RAN1#99 meeting, the following agreements was made for intra-UE cancellation timeline. 
Agreements:
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where
· Tproc,2 is corresponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· Note: d_2,1=0 is for cancellation
· The minimum processing time of the high priority channel is extended by d2 symbols
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
The overlapping condition is per repetition of the uplink transmission.
It transpired in the RAN1#100b e-meeting that there was a lack of alignment among the companies about the interpretation of the above agreement. Consequently, three interpretations were considered in the meeting:
· Interpretion 1: Tproc,2+d1 is the latest time for cancellation --> the UE could cancel before Tproc,2+d1, but the UE is not allowed to cancel after Tproc,2+d1.
· Interpretion 2: Tproc,2+d1 is the exact point/time for cancellation --> the UE is not allowed to cancel before or after Tproc,2+d1.
· Interpretion 3: The UE is not required to cancel earlier than Tproc,2+d1 --> the UE is allowed to cancel before or after Tproc,2+d1 (certainly, the UE has to cancel no later than the start of the high priority UL transmission).

Undoubtedly, whenever a high priority (HP) transmission is dynamically scheduled, gNB must ensure that the UE has enough time to cancel the low priority (LP) transmission before the start of the HP transmission. Therefore, it is reasonable that the HP transmission cannot start before Tproc,2+d1 after the end of the last symbol of DCI scheduling the HP transmission. However, it does not imply that the gNB cannot send a DCI for HP transmission if the gap between the end of the DCI scheduling HP transmission and start of the HP transmission is larger than Tproc,2+d1. Therefore, to avoid gNB scheduling restrictions, it is possible that Tproc,2+d1 does not coincide with the start of the corresponding HP transmission. From this, we observe the following:
Observation 1: Tproc,2+d1 is the earliest time a UE may cancel the LP transmission.
However, it must be up to the UE to decide whether to cancel the transmission at or after Tproc,2+d1 but before the start of HP transmission.
 Proposal 1: A UE does not cancel an LP transmission before Tproc,2+d1. The UE can cancel the LP transmission at or after Tproc,2+d. However, the UE must cancel no later than the start of the HP UL transmission.

HARQ-ACK codebook construction
Type 1 HARQ-ACK codebook construction for PDSCHs scheduled by DCI format 1_1 and 1_2
In previous RAN1 meetings, it was agreed that both DCI format 1_1 and 1_2 can be used to schedule HARQ-ACK belonging to the same codebook. Furthermore, DCI format 1_1 and 1_2 may use different sets of K1 values and TDRA tables. This was discussed in the RAN1#100b e-meeting and following options were proposed for down selection:
· Option 1: There is no need to simultaneously support DCI format 1_1 and DCI format 1_2 for Type-1 HARQ-ACK codebook in R16.
· [bookmark: _Hlk39657413]Option 3: If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell  c, 
· K1 is provided by the union of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2.  
· FFS: How is the TDRA table provided.
Option 1 puts additional restriction on gNB scheduling. Whereas option 3 is a straightforward extension from Release-15 to determine slot timing values and, therefore, we support Option 3. 
For the row indexes of the table, it is supported to be provided by the union of row indexes of the applicable time domain resource allocation tables for DCI format 1_1 and DCI format 1_2.
Proposal 2: If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell  c, 
· K1 is provided by the union of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2.  
· Row indexes of the table are provided by the union of row indexes of the applicable time domain resource allocation tables for DCI format 1_1 and DCI format 1_2.

Type-2 codebook in Rel-16 considering different DAI bit widths in different DCI formats
It is still not clear how to determine the number of bits for the counter-DAI when the bit size of counter-DAI field in the DCI format 1_2 is different from DCI format 1_0 and DCI format 1_1. Different proposals were discussed for Type-2 codebook construction in this scenario in RAN1#100b e-meeting without any conclusion. In order to minimize the specification impact, we support the proposal that a UE is not expected to multiplex HARQ-ACK for PDSCH scheduled by DCI format 1_2 and HARQ-ACK for PDCSH scheduled by DCI format 1_0/1_1 in the same HARQ-ACK codebook. Although it relies on gNB scheduling to avoid multiplexing PDSCH scheduled by different DCI formats to the same HARQ-ACK codebook, it provides the flexibility of enabling a DCI format scheduling two priorities with smaller DCI size. 
Proposal 3: If the size of DAI field between DCI format 1_2 and 1_0/1_1 is different, a UE is not expected to multiplex HARQ-ACK for PDSCH scheduled by DCI format 1_2 and HARQ-ACK for PDCSH scheduled by DCI format 1_0/1_1 in the same HARQ-ACK codebook. 

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]PHY priority when DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP
Another remaining issue is related to the interpretation of the previous (RAN1#99) agreement and the UE capability in the UE feature list as follows:

	11-4a
	Monitoring a DCI format (from the formats 0_1/1_1/0_2/1_2) scheduling PDSCH with different HARQ-ACK priorities or PUSCH with different priorities when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP


Agreement
When both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities.
· This feature is UE optional

It must be noted that configuring both DCI format 0_1/1_1 and DCI format 0_2/1_2 to be monitored in a certain search space set is already an optional feature according to the following RAN1#99 agreement.
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 

Considering this, we interpret from the former agreement that the optional feature (capability) is a DCI format scheduling different priorities when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP. Therefore, if a UE cannot support feature group 11-4a, it means a UE cannot support any DCI format to schedule both of high and low priorities when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored. In this scenario, it is important to clarify what the assumption on priority would be if there is no PHY identification of the priority in any DCI format. In our opinion, in this case, there should be a default priority for both DCI format 0_1/1_1 and DCI format 0_2/1_2. We prefer DCI format 0_1/1_1 is used for lower priority and DCI format 0_2/1_2 is used for higher priority.

Proposal 4: If a UE is not capable of supporting dynamic switching of HARQ-ACK/PUSCH priority via both DCI format 0_1/1_1 and 0_2/1_2, and the UE is configured with DCI format 0_1 / 1_1 and 0_2/1_2, the UE is expected to assume fixed priority by DCI format (i.e., low priority for DCI format 0_1/1_1, high priority for DCI format 0_2/1_2).
Conclusion
From the discussion, we have the following observation and proposal.
Observation 1: Tproc,2+d1 is the earliest time a UE can cancel the LP transmission.
Proposal 1: A UE cannot cancel an LP transmission before Tproc,2+d1. The UE can cancel the LP transmission at or after Tproc,2+d1. However, the UE must cancel no later than the start of the HP UL transmission.
Proposal 2: If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell  c, 
· K1 is provided by the union of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2.  
· Row indexes of the table are provided by the union of row indexes of the applicable time domain resource allocation tables for DCI format 1_1 and DCI format 1_2.
Proposal 3: If the size of DAI field between DCI format 1_2 and 1_0/1_1 is different, a UE is not expected to multiplex HARQ-ACK for PDSCH scheduled by DCI format 1_2 and HARQ-ACK for PDCSH scheduled by DCI format 1_0/1_1 in the same HARQ-ACK codebook. 
[bookmark: _Ref513042524]Proposal 4: If a UE is not capable of supporting dynamic switching of HARQ-ACK/PUSCH priority via both DCI format 0_1/1_1 and 0_2/1_2, and the UE is configured with DCI format 0_1 / 1_1 and 0_2/1_2, the UE is expected to assume fixed priority by DCI format (i.e., low priority for DCI format 0_1/1_1, high priority for DCI format 0_2/1_2).

