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Introduction
In RAN#86 a new work item on enhanced IIoT and URLLC support for NR was approved [1]. During the RAN#88e, a revised work item description with updated objectives was agreed [2]. One of the objectives is to identify, and specify if it is needed, feedback enhancements for HARQ-ACK. In this contribution we present issues related to HARQ-ACK feedback overhead for IIoT scenario and we propose potential solutions to reduce the feedback payload.
Discussion
NR Rel-16/15 supports low latency and high reliability requirements that can be useful for different deployments such as factory automation, AR/VR and transport industry. But still additional improvements are needed to achieve stringent requirements. For example, in factory automation scenario, a very large number of UEs can be deployed. Those UEs can have a stringent performance requirement e.g. low BLER target and low latency target.
Uplink control information payload, such as HARQ-ACK feedback payload, is expected to increase in some deployment. For example, in case of factory automation, the UE can have a high number of active downlink SPS transmissions with different configurations (e.g. different periodicities and different offsets). The HARQ-ACK reports of the downlink SPS transmissions along with HARQ feedback of dynamic scheduling will increase the payload of HARQ-ACK bits to be reported simultaneously. The current uplink control channel design may not be able to support a large payload with a stringent requirement (e.g. low BLER target). Consequently, the increased payload of HARQ-ACK bits can reduce the coverage of the feedback transmission. 
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Observation 1:  An increase in HARQ-ACK payload can reduce the coverage of the feedback transmission.

Depending on the performance requirements of the transmission(s), the impact of increased payload on coverage is not the same for all the type of transmissions. For example, HARQ-ACK feedback transmissions associated with DL transmissions with a relatively higher BLER target can still achieve good coverage. Whereas for more reliable transmissions, large payload can severely reduce the coverage of the transmission. 

Observation 2:  The effect of coverage reduction is uneven and depends on the priority of the associated transmission.

For TDD case, the situation becomes more problematic as the available UL portion may not be enough to serve all UEs with stringent requirements at the same time. For example, in case of a factory with high number of devices to be served, the UL slots/symbols may not be enough to support all UEs with specific target performance requirements. In that case, reducing the payload of HARQ-ACK feedback is necessary. One of the possible options to reduce the payload is bundling. For example, the UE can bundle a group of HARQ A/N bits to reduce the size of a HARQ-ACK codebook. The UE can group the A/N bits that have similar performance requirements to be bundled. Another option could be to delay or skip the HARQ A/N bit(s) transmission for certain PDSCH transmissions. In Rel-16, NR-U introduced a non-numerical value of PDSCH to HARQ ACK transmission time. When the UE receives a DCI with non-numerical value of HARQ-ACK timing, the UE does not transmit the feedback and waits for a future DCI to determine the HARQ transmission time. To enable delaying or skipping a HARQ-ACK transmission for IIoT and URLLC, same mechanism can be reused. We propose the following:

Proposal 1:    HARQ-ACK feedback reduction mechanisms should be considered for IIoT and URLLC.

The HARQ-ACK feedback reduction mechanisms should consider the priority associated with the downlink transmission. For example, the HARQ A/N bit associated with high priority transmission cannot be bundled whereas the low priority HARQ-ACK codebook can be bundled. Also, HARQ A/N bits associated with low latency type of service cannot be delayed. 

Proposal 2:    HARQ-ACK feedback reduction considers the priority of the HARQ-ACK feedback.

In NR Rel-16, prioritization mechanisms were introduced to support intra-UE multiplexing. Intra-UE multiplexing targets the case where a UE can support simultaneously two types of service each with different performance requirements (e.g. URLLC and eMBB type of services). In case of overlapping between low priority and high priority transmissions, the UE drops the low priority transmission. Rel-16 introduced some mechanisms for the UE to determine the priority of a PUSCH/PUCCH as well as PDSCH transmission. For example, the DCI scheduling PDSCH transmission can carry a priority indicator bitfield to indicate the priority associated with the PDSCH and consequently determine the priority value associated with HARQ-ACK transmission. Two HARQ-ACK codebooks for two priorities are built by the UE. The existing mechanisms for the UE to determine the priority of the downlink transmission can be reused in HARQ-ACK feedback reduction mechanisms. Upon determining the priority, the UE determine whether to apply feedback reduction mechanism and which A/N bits to reduce.
Conclusion
In this contribution we discuss the issues related to HARQ-ACK feedback overhead for IIoT/URLLC scenario. We made the following observations and proposals:
Observation 1:  An increase in HARQ-ACK payload can reduce the coverage of the feedback transmission.

Observation 2:  The effect of coverage reduction is uneven and depends on the priority of the associated transmission.

Proposal 1:    HARQ-ACK feedback reduction mechanisms should be considered for IIoT and URLLC.

Proposal 2:    HARQ-ACK feedback reduction considers the priority of the HARQ-ACK feedback.
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