3GPP TSG RAN WG1 #96bis
R1-1904907
Xi’an, China, 8th – 12th April, 2019
Agenda item:

7.2.6.2
Source:
China Telecom
Title:
UCI enhancements for URLLC
Document for:

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 this contribution, we give our 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.
During the study item phase, multiple potential schemes supporting multiple PUCCHs for HARQ-ACK within a slot were discussed. The schemes can be classified into two categories: 
· Option 1: Sub-slot-based 
· Option 2: PDSCH grouping
For option 1 “sub-slot-based”, a virtual sub-slot grid based on UL numerology is defined over DL and UL parts. HARQ-ACKs mapped into a sub-slot are multiplexed into a PUCCH. The basic principle is that the HARQ-ACK codebook determination and PUCCH resource can reuse Rel-15 mechanisms, by replacing slots with sub-slots. Separate PUCCH resource sets from R15 are configured for sub-slot-based PUCCH, in which starting symbol is configured relative to sub-slot boundary. Finer K1 is indicated in unit of sub-slot.

For option 2 “PDSCH grouping”, instead of defining sub-slot, PDSCHs are grouped into several groups. A PDSCH grouping indication is needed to indicate a valid PUCCH for HARQ-ACK transmission for each PDSCH group and the PUCCH resources of each PDSCH group cannot overlap in time domain. The grouping could be done in a dynamic manner and a semi-static manner. For dynamic grouping, DCI related information is used for grouping; while for semi-static grouping, RRC configuration and/or minimum timeline is used for grouping. Dynamic PDSCH grouping has the benefit of fast adaptability to reduce latency compared to semi-static methods. In addition, the PDSCH grouping the grouping can be indicated explicitly, e.g., explicit indicator in DCI or implicitly, e.g., implied by PRI, RRC parameters (K1 set, SLIV, CC set, etc.).
Option 1 can reuse Rel-15 mechanisms by replacing slots with sub-slots. Option 1 may complicate the design and operation for cases with mixed numerologies. And with finer K1, more overhead is required to indicate a larger interval for option 1. However, additional overhead is also required to indicate PDSCH grouping with explicit grouping indication. Moreover, there is the problem of design commonality between Type I and Type II HARQ-ACK codebook. Compare option 1 and option 2, we slightly prefer sub-slot-based HARQ-ACK to PDSCH grouping.
Proposal 1: sub-slot-based HARQ-ACK is supported to enable more than one PUCCH for HARQ-ACK transmission within a slot.
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. But the maximum number of HARQ-ACKs should be limited. For sub-slot-based HARQ-ACK schemes, the number of sub-slots in a slot should be limited. For flexibility, the number of HARQ-ACKs in a slot can be configurable.

Proposal 2: The maximum number of HARQ-ACKs should be limited.
Proposal 3: For sub-slot-based HARQ-ACK schemes, the number of sub-slots in a slot should be limited.

Proposal 4: The number of HARQ-ACKs in a slot can be configurable.
At least two HARQ-ACK codebooks can be simultaneously constructed for a Rel-16 UE, intended for supporting different service types for a UE. Supporting different service types for a UE, HARQ-ACK bits for URLLC and eMBB can be multiplexed or not multiplexed. In order to protect HARQ-ACK for URLLC, it is better not to multiplex HARQ-ACK bits for URLLC and eMBB. URLLC and eMBB follow separate and independent HARQ-ACK feedback procedure. URLLC HARQ-ACK is prioritized when the transmission of URLLC HARQ-ACK and eMBB HARQ-ACK overlaps.
Proposal 5: URLLC and eMBB follow separate and independent HARQ-ACK feedback procedure.
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: sub-slot-based HARQ-ACK is supported to enable more than one PUCCH for HARQ-ACK transmission within a slot.
Proposal 2: The maximum number of HARQ-ACKs should be limited.

Proposal 3: For sub-slot-based HARQ-ACK schemes, the number of sub-slots in a slot should be limited.

Proposal 4: The number of HARQ-ACKs in a slot can be configurable.
Proposal 5: URLLC and eMBB follow separate and independent HARQ-ACK feedback procedure.
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