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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN#88 e-Meeting, the WID of enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR has been revised and approved [1]. The following issue has been identified as one of the objectives of the work item.

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 this contribution we will discuss potential HARQ-ACK enhancements for Rel-17 URLLC.
2. Discussion
2.1. HARQ-ACK feedback for downlink SPS
In Rel-16 URLLC, a UE may be configured with multiple downlink SPS configurations for a serving cell, compared to at most one configuration for a cell group in NR Rel-15. Meanwhile, a downlink SPS configuration can have a shorter periodicity down to a single slot to reduce latency, in contrast to minimum periodicity of 10ms for NR Rel-15. However, there was no discussion on potential enhancements for HARQ-ACK feedback for SPS based on these new functionalities of SPS introduced in Rel-16. In this clause, some identified issues  and potential enhancements will be discussed for HARQ-ACK feedback for downlink SPS.
2.1.1 SPS HARQ-ACK feedback for skipped SPS PDSCH 
The main use case for downlink SPS configurations is to support the periodic traffic, such as VoIP. Moreover, multiple downlink SPS configurations, in conjunction with shorter periodicities, can reduce latency for burst traffic, as well as traffic which arrives with a periodicity not exactly a configurable value in NR. In these use cases where the SPS PDSCH resources are excessively configured, there may be a lot of SPS PDSCH occasions on which no downlink data is transmitted. Figure 1 gives an example for TSN traffic transmission. The TSN traffic has an arrival frequency of 120Hz, i.e., the periodicity is 8.333ms, which is not directly supported by downlink SPS. As a result, three downlink SPS configurations may be configured to transmit the TSN traffic in time, each of which has a periodicity of 1 slot, and corresponds to one third in a same slot. As observed, a lot of SPS PDSCH occasions will have no corresponding data.



[bookmark: _Ref47378168]Figure 1. SPS PDSCHs skipped for supporting TSN traffic
According to current NR specification, UE shall report HARQ-ACK feedback for each configured SPS PDSCH occasion, even though there is no actual downlink transmission for a SPS PDSCH occasion. With respect to the aforementioned use cases, SPS PDSCH skipping occurs with large probability for the TSN traffic, which leads to redundant HARQ-ACK bits. In addition, transmission efficiency for uplink control signaling will be affected significantly, and the reliability may be affected further when resource is limited. 
To deal with aforementioned issue, a feasible way is that UE can skip HARQ-ACK feedback for a corresponding SPS PDSCH occasion if it can determine that there is no actual PDSCH transmission for the SPS PDSCH occasion. DM-RS detection could be an option to determine whether PDSCH is transmitted or not. 
Proposal 1: SPS HARQ-ACK feedback skipping is supported for a SPS PDSCH occasion on which there is no corresponding SPS PDSCH reception.
2.1.2 SPS HARQ-ACK feedback when colliding with invalid symbols
Based on rules of NR Rel-15, it can be known that when a PUCCH (without repetitions) carrying HARQ-ACK feedback collides with invalid symbols the PUCCH will be dropped, where the invalid symbols could be downlink symbols indicated by semi-static TDD configuration.
With respect to downlink SPS, when UE is configured with one or more downlink SPS configurations, for a SPS PDSCH received in slot n, UE transmits the HARQ-ACK for the SPS PDSCH in slot n+K where K is indicated by corresponding activation DCI for the downlink SPS configuration to which the SPS PDSCH belongs. If there is no available uplink resource in slot n+K for the HARQ-ACK transmission due to conflicting with semi-static downlink or dynamic indicated downlink/flexible resources, UE cancels the PUCCH transmission carrying the HARQ-ACK for the SPS PDSCH received in slot n.
For Rel-16 URLLC, when UE is configured with one or more downlink SPS configurations with short periodicities, since a single HARQ-ACK feedback timing value is indicated in the activation DCI for each configuration, there may be quite frequent collisions between PUCCH resources for the SPS HARQ-ACK transmissions and the slot formats indicated by semi-static TDD configuration or dynamic SFI indication especially for the DL-heavy case. If such mechanism as NR Rel-15 is reused for multiple SPS configurations case, HARQ retransmission will be affected due to dropping of conflicted HARQ-ACK transmission, thereby significantly decreasing the performance of downlink SPS.


Figure 2. SPS HARQ-ACK dropped for collision
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]To reduce or eliminate the performance impact caused by HARQ-ACK dropping, it is essential to define the UE behavior for retransmission of a SPS HARQ-ACK when the SPS HARQ-ACK transmission collides with invalid resources. Moreover, determination of the HARQ-ACK feedback timing needs to be specified in case of collisions. For example, UE can postpone the HARQ-ACK feedback when a collision is detected based on the semi-static TDD configuration. To be specific, the transmission occasion for an actual HARQ-ACK transmission is postponed implicitly by UE to the next available uplink resource after the collision based on the semi-static TDD configuration. Alternatively, gNB can dynamically indicate one or more transmission opportunities for the postponed HARQ-ACK to UE when such collisions are detected.
Proposal 2: UE behavior for (re)transmission of a SPS HARQ-ACK feedback in case of collision between the SPS HARQ-ACK feedback and invalid symbols should be defined to guarantee downlink SPS performance.
3. Conclusion
In this contribution, some issues on HARQ-ACK enhancements for URLLC Rel-17 have been discussed, and the proposals made are summarized as below:
Proposal 1: SPS HARQ-ACK feedback skipping is supported for a SPS PDSCH occasion on which there is no corresponding SPS PDSCH reception.
Proposal 2: UE behavior for (re)transmission of a SPS HARQ-ACK feedback in case of collision between the SPS HARQ-ACK feedback and invalid symbols should be defined to guarantee downlink SPS performance.
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