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1 Introduction
During RAN1#96bis meeting, RAN1 made the following agreements regarding HARQ enhancements for URLLC [1]: 

Agreements:

For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.

· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.

· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 

· FFS: Allowing PUCCH across sub-slot boundary or not.

· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 

· FFS for Type I HARQ-ACK codebook.

· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.

· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.

· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.

· FFS: K1 definition.

· FFS: Details of PUCCH resource configuration and determination.

FFS: Use “Codebook-less HARQ” as a complementary or not.

FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 

FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.

Agreements:

For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying a HARQ-ACK codebook:

· Opt.1: By DCI format
· Opt.2: By RNTI

· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)

· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook
FFS: For SPS PDSCH (including SPS release PDCCH)
In this document, we discuss further details on sub-slot based HARQ-ACK feedback, consideration of PUSCH and PUCCH based multiple HARQ-ACK transmissions in a slot, and handling of collision of multiple uplink channels within a UE.
2 Further details on sub-slot based HARQ-ACK feedback
For sub-slot based multiple HARQ-ACK transmissions within a slot, a UE can determine HARQ-ACK information to be multiplexed in one PUCCH resource (i.e. HARQ-ACK codebook) and a slot and a sub-slot of the slot, where a corresponding PUCCH resource starts, based on a sub-slot level DL-to-HARQ-ACK feedback delay indication (i.e. sub-slot level K1 indication). Depending on gNB’s scheduling decision and UE’s channel condition, the gNB may want the UE to transmit a longer PUCCH which expands across a sub-slot boundary (e.g. a PUCCH resource spanning over 2 sub-slots) for a larger HARQ-ACK payload size. Thus, it is desired to allow a PUCCH resource across a sub-slot boundary in sub-slot based HARQ-ACK feedback.   

Proposal 1: For sub-slot based HARQ-ACK feedback, a PUCCH resource starts within a sub-slot of a slot determined by a sub-slot level K1 indication and can span across a sub-slot boundary.
In order for the UE to interpret the HARQ-ACK feedback delay indication properly (sub-slot level vs slot-level) 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 codebook type (i.e. slot-level HARQ-ACK feedback vs sub-slot level HARQ-ACK feedback) in the DL DCI format.   
Proposal 2: A HARQ-ACK codebook type (slot-level HARQ-ACK feedback vs sub-slot level HARQ-ACK feedback) is explicitly indicated in a DL DCI format(s). 
A larger number of PUCCH resources (e.g. > 8) in a PUCCH resource set may need to be configured to accommodate both slot-based and sub-slot based HARQ-ACK feedback for the UE without losing PUCCH resource allocation flexibility. Configuring separate PUCCH resource sets for slot-based HARQ-ACK feedback and for sub-slot based HARQ-ACK feedback, respectively, may be helpful to increase the PUCCH resource pool while maintaining the same bit-width of the PUCCH resource indication field (i.e. 3 bit) as in Rel-15 NR. In this case, the PUCCH resource set to be used can be determined based on the indication of the HARQ-ACK codebook type. 
Proposal 3: A PUCCH resource set dedicated for sub-slot level HARQ-ACK feedback can be higher-layer configured. 
A HARQ-ACK transmission in sub-slot based HARQ-ACK feedback should be completed by a certain time (e.g. no later than an ending time of an indicated PUCCH resource or no later than an end of the last sub-slot where the indicated PUCCH resource spans) 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 should end no later than a forced ending time which is determined based on the indicated PUCCH resource for the sub-slot based HARQ-ACK feedback.  

Proposal 4: When multiplexing multiple UCI including sub-slot based HARQ-ACK feedback information, a newly determined PUCCH or PUSCH resource should end no later than a forced ending time which is determined based on the indicated PUCCH resource for the sub-slot based HARQ-ACK feedback.
3 PUSCH and PUCCH based multiple HARQ-ACK transmissions in a slot
In Rel-16 NR, multiple HARQ-ACK transmissions in a slot can be realized via time-domain multiplexing of PUSCH and PUCCH in the slot.

If a UE detect a DCI format scheduling a URLLC PDSCH reception or a URLLC SPS PDSCH release indicating a HARQ-ACK PUCCH resource in a slot, and the UE previously detects a DCI format scheduling a PUSCH transmission in the slot, the UE multiplexes other HARQ-ACK information in the PUSCH transmission, 
· If the PUSCH is a URLLC PUSCH or a non-URLLC PUSCH, and the PUCCH does not overlap in time with the PUSCH in the slot, the UE can transmit both the PUCCH including the corresponding HARQ-ACK information and the PUSCH including the other HARQ-ACK information in the slot.
· If the PUSCH is a non-URLLC PUSCH, and the PUCCH overlaps in time with the PUSCH in the slot, the PUCCH transmission should be prioritized. In this case, how to handle other HARQ-ACK information multiplexed in the PUSCH should be further studied. 
Proposal 5: If a URLLC PUCCH carrying HARQ-ACK information overlaps with a non-URLLC PUSCH including other HARQ-ACK information, the URLLC PUCCH should be prioritized. FFS how to handle the other HARQ-ACK information. 
4 Handling of collision of multiple uplink channels within a UE
If a URLLC PUCCH resource for URLLC UCI or a URLLC PUSCH resource overlaps in time with a non-URLLC PUSCH (with or without UL-SCH) or a non-URLLC PUCCH transmission, where the non-URLLC PUSCH/PUCCH starts earlier than the URLLC 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 URLLC PUCCH/PUSCH and not transmit the non-URLLC PUSCH/PUCCH. 
If the non-URLLC PUSCH/PUCCH transmission has already been started, the UE may cancel (i.e. may not transmit) the non-URLLC 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 URLLC PUCCH/PUSCH transmission, if a duration between the start of the URLLC PUCCH/PUSCH and the end of the non-URLLC PUSCH/PUCCH transmission is longer than a certain threshold value, e.g. [x] percentage of the non-URLLC PUSCH/PUCCH duration. That is, if the portion of the non-URLLC PUSCH/PUCCH which needs to be cancelled is large, it would be better to cancel the non-URLLC PUSCH/PUCCH as soon as possible for UE power saving. On the other hand, the UE may cancel the non-URLLC PUSCH/PUCCH transmission, starting from a symbol where the URLLC PUCCH resource transmission starts, if a duration between the start of the URLLC PUCCH and the end of the non-URLLC PUSCH/PUCCH transmission is shorter than the threshold value. That is, if the portion of the non-URLLC PUSCH/PUCCH which needs to be cancelled is small, it would be better to transmit the non-URLLC PUSCH/PUCCH as much as possible to minimize the impact on the demodulation performance of the non-URLLC PUSCH/PUCCH.
Proposal 6: A UE cancels transmission of a low priority overlapping channel for transmission of a high-priority data/control channel. The timing of transmission cancellation is dependent on the minimum required cancellation duration or the largest fraction of the low priority overlapping channel that can be transmitted.  
5 Conclusion
In summary, we observe and propose the followings for UCI enhancements for URLLC:

Proposal 1: For sub-slot based HARQ-ACK feedback, a PUCCH resource starts within a sub-slot of a slot determined by a sub-slot level K1 indication and can span across a sub-slot boundary.

Proposal 2: A HARQ-ACK codebook type (slot-level HARQ-ACK feedback vs sub-slot level HARQ-ACK feedback) is explicitly indicated in a DL DCI format(s). 

Proposal 3: A PUCCH resource set dedicated for sub-slot level HARQ-ACK feedback can be higher-layer configured. 

Proposal 4: When multiplexing multiple UCI including sub-slot based HARQ-ACK feedback information, a newly determined PUCCH or PUSCH resource should end no later than a forced ending time which is determined based on the indicated PUCCH resource for the sub-slot based HARQ-ACK feedback.

Proposal 5: If a URLLC PUCCH carrying HARQ-ACK information overlaps with a non-URLLC PUSCH including other HARQ-ACK information, the URLLC PUCCH should be prioritized. FFS how to handle the other HARQ-ACK information. 
Proposal 6: A UE cancels transmission of a low priority overlapping channel for transmission of a high-priority data/control channel. The timing of transmission cancellation is dependent on the minimum required cancellation duration or the largest fraction of the low priority overlapping channel that can be transmitted.  
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