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Discussion
1      Introduction
In RAN #83, a new work item “Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC)” was approved for Rel-16 [1]. The objectives of this new work item include:
· Specification of UCI enhancements [RAN1]

· More than one PUCCH for HARQ-ACK transmission within a slot

· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE
In last RAN1 meeting, the following agreements were reached.

Agreements:

· For sub-slot-based HARQ-ACK feedback procedure, K1 is the number of sub-slots from the sub-slot containing the end of PDSCH to the sub-slot containing the start of PUCCH. 

· Use UL numerology to define the sub-slot grid for PDSCH-to-sub-slot association.

· FFS: The configurable value range of K1 needs to be extended, and impact to related DCI field bitwidth.

· Note: It has been agreed that K1 is defined following R15 approach but in unit of sub-slot.

· For sub-slot-based HARQ-ACK feedback procedure, the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot
· For a given sub-slot configuration, a UE can be configured with PUCCH resource set(s)
· FFS same or different PUCCH resource sets can be configured for different sub-slots within a slot.
· When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,  all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks except for following:
· FFS: For PUCCH-SpatialRelationInfo
· Note: SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList are not related to HARQ-ACK feedback.
· FFS: For other UCI types, e.g. SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList.

· FFS: At least one HARQ-ACK codebook follows R15 PUCCH configuration.

In this contribution, we give our further views on multiple PUCCH for HARQ-ACK transmission within a slot.
2      Discussion
As captured in TR 38.824 [2], enabling more than one PUCCH for HARQ-ACK transmission within a slot is beneficial as it may enable fast HARQ-ACK feedback to reduce the latency and facilitate separate HARQ-ACK feedback for URLLC and eMBB. It is concluded that more than one PUCCH for HARQ-ACK transmission within a slot should be supported in Rel-16.
It has beed agreed that “For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure”. Enabling more than one PUCCH for HARQ-ACK transmission within a slot is beneficial as it may enable fast HARQ-ACK feedback to reduce the latency and facilitate separate HARQ-ACK feedback for URLLC and eMBB. For sub-slot-based HARQ-ACK schemes, the number of sub-slots in a slot can be configurable, e.g., 2, 4, 7. The number of sub-slots in a slot can be UE-specifically configured. Moreover, one UE can be configured with multiple configurations with different number of sub-slots in a lot for multiple services with different requirements.
Proposal 1: The number of sub-slots in a slot can be UE-specifically configured.
For sub-slot-based HARQ-ACK feedback procedure, the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot. For a given sub-slot configuration, a UE can be configured with PUCCH resource set(s). PUCCH resource set configuration can be different for different sub-slot configurations. In order to keep flexibility and better coverage, it is required that PUCCH resource can be flexibly configured. One PUCCH resource can be configured within one sub-slot or one PUCCH resource can be configured across sub-slot boundary.
Proposal 2: PUCCH resource set configuration can be different for different sub-slot configurations.
Proposal 3: PUCCH resource can be configured across sub-slot boundary.

Separate HARQ-ACK codebooks can be simultaneously constructed for supporting different service types for a UE. In last RAN1 meeting, it was agreed to 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 
For option 1, a new DCI format is needed. Even if a new DCI format is introduced, flexibility is restricted. And depending on DCI format may increase the DCI overhead. For option 2, implicit indication by RNTI is appropriate solution for identifying a HARQ-ACK codebook. No additional DCI overhead is introduced while scheduling flexibility can be maintained. For option 3, an explicit indication in DCI is used for identifying a HARQ-ACK codebook. This solution has the most flexibility. For option 4, two different CORESETs/search spaces are configured for eMBB and URLLC. This would prevent the gNB from using the eMBB search space to schedule URLLC traffic, or using the URLLC search space to schedule eMBB traffic. Then, scheduling flexibility could be reduced. Thus, the PHY identification for identifying a HARQ-ACK codebook can be RNTI or explicit indication in DCI.
Proposal 4: The PHY identification for identifying a HARQ-ACK codebook can be RNTI or explicit indication in DCI.
3      Conclusion
In this contribution, we discussed multiple PUCCH for HARQ-ACK transmission within a slot. Based on the discussion, we have following proposals:
Proposal 1: The number of sub-slots in a slot can be UE-specifically configured.
Proposal 2: PUCCH resource set configuration can be different for different sub-slot configurations.
Proposal 3: PUCCH resource can be configured across sub-slot boundary.

Proposal 4: The PHY identification for identifying a HARQ-ACK codebook can be RNTI or explicit indication in DCI.
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