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In the RAN#88 e-meeting, the WID [1] of Enhanced Industrial Internet of Things (IoT) and URLLC support for NR was revised and approved with the following objective for HARQ-ACK enhancements:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]


In the RAN1#102 e-meeting, several agreements were reached for details of UE feedback enhancements for HARQ-ACK [2].
	Agreements:
Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 
· This topic is to be considered as high priority
· FFS detailed solution(s)
Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback
Companies are encouraged to provide detailed analysis and comparison accordingly


In this contribution, our view on some enhancements to HARQ-ACK feedback is provided.

Discussion
2.1 Avoid SPS PDSCH HARQ-ACK dropping for TDD
In Rel-16 URLLC，a fixed timer (K1) is configured for SPS PDSCH HARQ-ACK, while in TDD system, if the corresponding slot (n+K1) is not an uplink resource, the SPS HARQ-ACK feedback may be dropped.
In order to avoiding such unnecessary dropping, it is recommended to delay the SPS HARQ-ACK to be transmitted in a later PUCCH, the feedback delay will vary with different frame structures. In the 3.5GHz band, the frame structure used by some operators is DDDSUDDSUU, if the slot indicated by n+K1 is D or S, the HARQ-ACK feedback can be postponed to the nearest U. In this case, up to 4 slots will be delayed. Moreover, in the frame structure with uniform uplink and downlink distribution, the HARQ-ACK feedback on each uplink slot is more uniform. However, the delay of HARQ-ACK transmission is large for TDD frame structure with Continuous multiple downlink slots. Therefore, TDD frame structure should be considered to avoid SPS PDSCH HARQ-ACK dropping.
Observation 1: TDD frame structure should be considered to avoid SPS PDSCH HARQ-ACK dropping.
2.2 SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH
For Rel-16 URLLC, each SPS occasion needs to feed back HARQ-ACK regardless of whether there is PDSCH transmission. For SPS occasion with PDSCH transmission, HARQ-ACK is necessary. For SPS occasion without PDSCH, UE needs to feed back NACK to the base station every time. Such HARQ-ACK feedback will waste radio resources and increase the complexity of BS / UE. R16 supports up to 8 SPS configurations simultaneously. If there is such unnecessary PUCCH transmission in each SPS resource, the waste will be more serious.
To solve this problem, on the one hand, it is necessary to establish an end-to-end solution that links SPS or CG resources with periodic services, so that operators can give priority to using SPS or CG resources for periodic services; on the other hand, from the perspective of standards, unnecessary HARQ-ACK feedback should be reduced. 
It is beneficial to skip PUCCH transmission if only SPS NACK is mapped. In this way, the operation complexity of UE can be simplified and the energy saving of UE can be improved. For the PDSCH transmission of SPS, if the transmission is correct and the feedback is ACK, it is not much different from the original scheme. If it is NACK to be fed back, since UE does not send NACK, the base station needs to wait until the HARQ-ACK reception timeline to confirm that HARQ-ACK feedback is NACK, and then send retransmission of PDSCH, which may increase the delay of SPS PDSCH. However, if the PUCCH transmission adopts an extreme reliability, the probability of delay will be very small.
Proposal 1：In the case of PUCCH transmission adopts an extreme reliability, skipping PUCCH transmission of SPS NACK feedback should be supported for DL SPS in Rel-17.
2.3 HARQ-Ack reliability enhancements
In order to improve the reliability of PUCCH, sub-slot based PUSCH repetition is a solution. The shame of Rel-16 PUSCH repetition type B can be referenced for Sub-slot based PUCCH repetition, which provides the ability to deal with TDD flexible structure. Furthermore, the gNB can demodulate the PUCCH immediately when receives a PUCCH, which can also take into account the delay of PUCCH.
Proposal 2：Sub-slot based PUSCH repetition should be supported for DL SPS in Rel-17. 

Conclusions
According to the discussion, following proposals and observations are provided:
Observation 1: TDD frame structure should be considered to avoid SPS PDSCH HARQ-ACK dropping.
Proposal 1：In the case of PUCCH transmission adopts an extreme reliability, skipping PUCCH transmission of SPS NACK feedback should be supported for DL SPS in Rel-17.
Proposal 2：Sub-slot based PUSCH repetition should be supported for DL SPS in Rel-17.
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