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1 Introduction
During RAN1#98 meeting, RAN1 made the following agreements regarding HARQ enhancements for URLLC and collision handling of UCI associated with different service types [1]: 

Agreements:

Reuse the R15 mechanism for the following scenarios:
· A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b)

· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.

· FFS SR with HARQ-ACK in PF 2, 3, 4

· URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met

· To conclude by RAN1#98b for the error cases per R15 (especially for the cases when the timeline is not met)
Agreements:

In case URLLC (i.e., high priority) HARQ-ACK collides with eMBB (i.e., low priority) SR, down-select from options below (to conclude RAN1#98b):
· Option 1: Drop eMBB SR

· Option 2: Multiplex URLLC HARQ-ACK and eMBB SR if the multiplexing rule is met. Otherwise, drop eMBB SR. 

· FFS the details of the rule, e.g.

· Timeline

· Latency 

· Reliability

· PUCCH formats

In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) SR, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK 

· Option 2: Multiplex eMBB HARQ-ACK and URLLC SR if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK

· FFS the details of the rule, e.g.

· Timeline

· Latency 

· Reliability

· PUCCH formats, e.g. SR on PF0 collides with HARQ-ACK on PF1/3/4

· FFS: Resending HARQ-ACK or not after dropping.

In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) HARQ-ACK, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK. 

· Option 2: Multiplex eMBB HARQ-ACK and URLLC HARQ-ACK if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK

· FFS the details of the rule, e.g.

· Timeline

· Latency 

· Reliability

· Pre-defined rules or configurable rules or dynamically-indicated multiplexing

· FFS: Resending HARQ-ACK or not after dropping.

FFS details in case of a channel/signal being dropped in handling of collision of UL channels/signals

High priority vs. low priority HARQ-ACK is made known at the PHY layer (note: for SR, it’s agreed earlier)
Agreements:

At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
· At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.

· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.

· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.

· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots

· FFS for other sub-slot configurations, if any.

· FFS: If a PUCCH resource across sub-slot boundary is supported.
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, following can be separately configured for different HARQ-ACK codebooks:
· PUCCH-SpatialRelationInfo

· Sub-slot configuration (only applied for the sub-slot-based HARQ-ACK codebook)

· FFS whether or not to support the case when there are at least two HARQ-ACK codebooks configured with sub-slots, with the same or different sub-slot configurations
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,
· In case of SPS PDSCH, the following options for identifying a HARQ-ACK codebook (to down-select, combinations are not precluded)

· Opt.1: By SPS PDSCH configurations 

· Opt.2: By the DCI activating the SPS PDSCH 

· Opt.3: By the CORESET where the activating DCI is received

In this document, we discuss remaining details on sub-slot based HARQ-ACK feedback, determination of priorities of different UCI, and details of cancellation of low priority channels for handling of collision of UL channels/signals. 
2 Remaining 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 information of 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. For example, gNB may configure 7 sub-slots within a slot (i.e. 1 sub-slot consists of 2 symbols) to support a large number of possible starting instances of HARQ-ACK transmission within a slot. The larger number of possible starting instances of HARQ-ACK transmission can reduce PUCCH scheduling delay. However, if HARQ-ACK payload size is large, a 2-symbol PUCCH resource may not be sufficient to satisfy a required operating SINR. Thus, it is desired to allow a PUCCH resource across a sub-slot boundary in sub-slot based HARQ-ACK feedback. In the last sub-slot of a slot, UE may stop PUCCH transmission at a slot boundary, if a PUCCH resource for the PUCCH transmission is across the sub-slot boundary.     

Proposal 1: For sub-slot based HARQ-ACK feedback, a PUCCH resource can span across a sub-slot boundary. UE stops PUCCH transmission at a slot boundary in the last sub-slot of a slot, if a PUCCH resource for the PUCCH transmission is across the sub-slot boundary.
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 2: 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 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 3: 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 a PUCCH resource for the sub-slot based HARQ-ACK feedback.
3 Priority determination of UCI
Priority of SR
A priority of a PUCCH resource configured in a SR resource configuration can be based on a logical channel priority of a SR configuration corresponding to the SR resource configuration. 
For example, PHY considers a PUCCH resource configured in a SR resource configuration being set as a high priority, if a SR configuration associated with the SR resource configuration corresponds to a logical channel with priority value of ‘1’. PHY considers a PUCCH resource configured in a SR resource configuration being set as a low priority, if a SR configuration associated with the SR resource configuration corresponds to a logical channel with priority values of 2, 3, .. , or 16. In another example, the priority level of a PUCCH resource configured in a SR resource configuration is same as the highest priority logical channel corresponding to the SR resource configuration. For example, if logical channels with priority value 1, 2, 3 respectively correspond to a SR configuration with a PUCCH resource, the priority level of the PUCCH resource is ‘1’ which corresponds to the highest priority level ‘1’  (out of level ‘1’, ‘2’, ‘3’) of the logical channel corresponding to the SR configuration. 
Proposal 4: A priority of a PUCCH resource configured in a SR resource configuration can be based on a logical channel priority of a SR configuration corresponding to the SR resource configuration. 
Priority of HARQ-ACK
Priority of HARQ-ACK or a HARQ-ACK codebook can be determined based on a HARQ-ACK feedback type (slot-level HARQ-ACK feedback vs sub-slot level HARQ-ACK feedback). As mentioned in Section 2, the HARQ-ACK feedback type can be explicitly indicated in a DL DCI format(s). HARQ-ACK feedback type for DL SPS can also be explicitly indicated in a DL DCI format activating DL SPS.
Proposal 5: Priority of a HARQ-ACK codebook for PDSCH and/or SPS PDSCH can be determined based on the HARQ-ACK feedback type (slot-level HARQ-ACK feedback vs sub-slot level HARQ-ACK feedback) indicated in a DL DCI format(s).
Priority of periodic or semi-persistent CSI in PUCCH
If a UE receives an indication of physical layer priority for a PUCCH resource configured for a CSI report(s), the UE can determine whether to multiplex the CSI report(s) with other UCI and/or UL data or to drop the CSI report(s) based on the indicated physical layer priority of the PUCCH resource for the CSI report(s). For example, a CSI report configuration of PCell or of a serving cell that serves UE’s URLLC traffics may be configured with a high priority PUCCH resource(s) so that gNB can maintain up-to-date CSI information for the corresponding cell (i.e. PCell or URLLC serving cell). 
For collision between a PUCCH resource for CSI and a high priority PUSCH, if the PUCCH resource for CSI is configured as a high priority PUCCH and a UE does not multiplex A-CSI or SP-CSI in the high priority PUSCH, the UE multiplexes the CSI in the high priority PUSCH. If the PUCCH resource for the CSI is configured as a low priority PUCCH or if the UE multiplexes A-CSI or SP-CSI in the high priority PUSCH, the UE drops transmission of the CSI.   

Proposal 6: Priority of a periodic or semi-persistent CSI report in PUCCH is dependent on priority configuration of a PUCCH resource in a CSI report configuration. 

4 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 7: 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.  
5 Conclusion
In summary, we propose the followings for UCI enhancements for URLLC:

· Proposal 1: For sub-slot based HARQ-ACK feedback, a PUCCH resource can span across a sub-slot boundary. UE stops PUCCH transmission at a slot boundary in the last sub-slot of a slot, if a PUCCH resource for the PUCCH transmission is across the sub-slot boundary.
· Proposal 2: 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 3: 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 a PUCCH resource for the sub-slot based HARQ-ACK feedback.
· Proposal 4: A priority of a PUCCH resource configured in a SR resource configuration can be based on a logical channel priority of a SR configuration corresponding to the SR resource configuration. 

· Proposal 5: Priority of a HARQ-ACK codebook for PDSCH and/or SPS PDSCH can be determined based on the HARQ-ACK feedback type (slot-level HARQ-ACK feedback vs sub-slot level HARQ-ACK feedback) indicated in a DL DCI format(s).
· Proposal 6: Priority of a periodic or semi-persistent CSI report in PUCCH is dependent on priority configuration of a PUCCH resource in a CSI report configuration. 

· Proposal 7: 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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