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1 Introduction
During RAN1#98bis meeting, RAN1 made the following agreements regarding HARQ enhancements for URLLC and handling of intra-UE uplink channel collisions [1]: 

Agreements:

Confirm the following WA with update:
Original working assumption

· Support that SR priority (e.g. high or low priority) is known at PHY layer. 

· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known

Updated to:

· Support two-level SR priority (high or low) intended for two different service types known at PHY layer in R16.
· The PHY-layer SR priority is determinined by an explicit indication (as a new RRC parameter) for each SR resource configuration.

Agreements:

· Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 

· Note: This does not preclude possibility of extending it in future releases.

· An explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release

· FFS whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
Agreements:

2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.

Agreements:

2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
Agreements:

For handling intra-UE collision in R16, 

· P/SP-CSI on PUCCH is treated with low priority.
· The priority of a SP-CSI on PUSCH depends on the 2-level PHY priority of the PUSCH conveying the SP-CSI. 

· The priority of a A-CSI depends on the 2-level PHY priority of the PUSCH (w/ or w/o UL-SCH) conveying the A-CSI. 

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, PDSCH-HARQ-ACK-Codebook is separately configured.
Agreements:

For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).

· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.

· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behaviours.

· FFS details of processing timeline issues, e.g.

· How to handle the case where the timeline condition is not satisfied.

· Necessity of a new timeline.

Agreements:

· For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism. 
Agreements:

R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including: 
· One is slot-based and one is sub-slot-based.

· Both are slot-based.

· Both are sub-slot-based

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, at least the followings are separately configured.

· For DG
· UCI-OnPUSCH
· For CG
· FFS
· codeBlockGroupTransmission

· FFS K1
Agreements:

Any sub-slot PUCCH resource is not across sub-slot boundaries. 
In this document, we discuss remaining details on sub-slot based HARQ-ACK feedback and cancellation of low priority channels for intra-UE collision handling. 
2 Remaining details on sub-slot based HARQ-ACK feedback
In order for the UE to properly interpret the HARQ-ACK feedback delay indication (i.e. sub-slot level vs slot-level delay) in a DL DCI format which can be used for scheduling both URLLC and eMBB traffics, it is desired to explicitly indicate a HARQ-ACK feedback type (i.e. slot-level HARQ-ACK feedback vs sub-slot level HARQ-ACK feedback) in the DL DCI format.   
Proposal 1: A HARQ-ACK feedback type (slot-level HARQ-ACK feedback vs sub-slot level HARQ-ACK feedback) is explicitly indicated in a DL DCI format(s). 
A HARQ-ACK transmission in sub-slot based HARQ-ACK feedback procedure should be completed by an end of a sub-slot of a scheduled HARQ-ACK PUCCH resource, in order to guarantee reduced HARQ-ACK round trip time (RTT) compared to slot-based HARQ-ACK transmission. Thus, when the UE multiplexes multiple UCI including sub-slot based HARQ-ACK feedback information in one PUCCH or PUSCH resource, a newly determined PUCCH or PUSCH resource for HARQ-ACK transmission should end no later than the end of the sub-slot of the originally scheduled HARQ-ACK PUCCH resource.  

Proposal 2: When multiplexing multiple UCI including sub-slot based HARQ-ACK feedback information, a newly determined PUCCH or PUSCH resource should end no later than the end of the sub-slot of the originally scheduled HARQ-ACK PUCCH resource.

3 Cancellation of low priority uplink channels
Assuming that UL DCI and/or an RRC configuration indicates a priority of a corresponding UL grant of PUSCH and a priority of a configured PUCCH resource and that DL DCI and/or an RRC configuration indicates a priority of a corresponding DL assignment of PDSCH and a priority of associated HARQ-ACK feedback, a UE would determine which PUSCH or PUCCH it will transmit among colliding PUSCHs and PUCCHs, according to the priorities of the colliding PUSCHs and PUCCHs. 
If a high priority PUCCH resource for URLLC UCI or a high priority PUSCH resource overlaps in time with a low priority PUSCH (with or without UL-SCH) or a low priority PUCCH transmission, wherein the low priority PUSCH/PUCCH starts earlier than the high priority PUCCH/PUSCH and does not satisfy the timing conditions described in Subclause 9.2.5 of TS38.213 while the first symbol  of the URLLC PUCCH/PUSCH satisfies the timing condition described in Subclause 9.2.5 of TS38.213, a UE should transmit the high priority PUCCH/PUSCH and may not transmit the low priority PUSCH/PUCCH. 
If the low priority PUSCH/PUCCH transmission has already been started, the UE may cancel (i.e. may not transmit) the low priority PUSCH/PUCCH transmission, starting from a symbol that is a number of symbols equal to the PUSCH preparation time for the corresponding PUSCH timing capability after a last symbol of a CORESET where the UE detects the DCI format requesting the high priority PUCCH/PUSCH transmission, if a duration between the start of the high priority PUCCH/PUSCH and the end of the low priority PUSCH/PUCCH transmission is longer than a certain threshold value, e.g. [x] percentage of the low priority PUSCH/PUCCH duration. That is, if the portion of the low priority PUSCH/PUCCH which needs to be cancelled is large, it would be better to cancel the low priority PUSCH/PUCCH as soon as possible for UE power saving. 
On the other hand, the UE may cancel the low priority PUSCH/PUCCH transmission, starting from a symbol where the high priority PUCCH/PUSCH resource transmission starts, if a duration between the start of the high priority PUCCH/PUSCH and the end of the low priority PUSCH/PUCCH transmission is shorter than the threshold value. That is, if the portion of the low priority PUSCH/PUCCH which needs to be cancelled is small, it would be better to transmit the low priority PUSCH/PUCCH as much as possible to minimize the impact on the demodulation/decoding performance of the low priority PUSCH/PUCCH.
Proposal 3: If a UE cancels transmission of a low priority overlapping channel for transmission of a high-priority data/control channel, the timing of transmission cancellation can be dependent on the minimum required cancellation duration.  
4 Conclusion
In summary, we propose the followings for sub-slot based HARQ-ACK feedback and cancellation of low priority channels for intra-UE collision handling:
· Proposal 1: A HARQ-ACK feedback type (slot-level HARQ-ACK feedback vs sub-slot level HARQ-ACK feedback) is explicitly indicated in a DL DCI format(s). 
· Proposal 2: When multiplexing multiple UCI including sub-slot based HARQ-ACK feedback information, a newly determined PUCCH or PUSCH resource should end no later than the end of the sub-slot of the originally scheduled HARQ-ACK PUCCH resource.

· Proposal 3: If a UE cancels transmission of a low priority overlapping channel for transmission of a high-priority data/control channel, the timing of transmission cancellation can be dependent on the minimum required cancellation duration.  
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