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Introduction
A work item on enhanced IIoT and URLLC was approved [1]. One of objectives of this work item is to study, identify and specify if needed, required physical layer enhancements for meeting URLLC requirement covering UE feedback enhancements for HARQ-ACK. This document provides our view on potential techniques related to UE feedback enhancement for HARQ-ACK.
Discussion
Enhancement related to sub-slot-based HARQ-ACK feedback
For enhanced IIoT and URLLC, reducing the latency while providing high reliability target is one of important concerns. In Rel.15, the target URLLC is limited to data size of up to 32 bytes. In such use case, data transmission with a low BLER is acceptable as the resource usage is not scarified much. Then, data transmission with a BLER target of lower than 10-5 without considering HARQ retransmission could be claimed as a feasible scheme. On the other hand, URLLC with data size more than 32 bytes is required for some use cases [2]. In this case, a single data transmission with a low BLER imposes a large resource usage. Therefore, operation with relatively higher initial BLER target and using fast HARQ-ACK would be beneficial for improving the resource usage. In order to achieve low latency and high reliability requirements with a spectrum-efficient manner, it is reasonable to perform initial data transmission with a BLER target of relatively high (such as 10-1 or 10-2) and allow achieving the high reliability target by using data retransmission(s). Based on reliability region analysis in [3-5], reliability constraint for HARQ-ACK feedback depends on latency and/or reliability of initial data (or instantaneous) transmission. For PDSCH transmission, relaxing the BLER target for performing initial transmission entails higher reliability requirement for HARQ-ACK feedback.
In Rel.15, only one PUCCH within a slot for HARQ-ACK transmission is supported. In Rel.16, in order to enable fast HARQ-ACK feedback to reduce the latency for URLLC, more than one PUCCH within a slot for HARQ-ACK transmission has been supported and it is realized by sub-slot-based HARQ-ACK feedback procedure. The basic concept is slot-based HARQ-ACK codebook construction, HARQ-ACK timing indication, and PUCCH resource overriding procedure in Rel.15 are replaced by sub-slot-based procedure. Sub-slot sizes supported in Rel.16 are 2 symbols (i.e., 7 sub-slots within a slot) and 7 symbols (i.e., 2 sub-slots in a slot).
In Rel.16, sub-slot-based HARQ-ACK feedback does not allow PUCCH transmission across sub-slot boundary. This would impact the reliability of fast HARQ-ACK feedback. In order to improve HARQ-ACK reliability, configuring a longer sub-slot length or disabling the sub-slot-based operation can be considered in order to achieve longer PUCCH duration. However, these would lose the effect of fast HARQ-ACK feedback. If higher HARQ-ACK reliability is required while keeping sub-slot configuration short, multiple sub-slot transmission could be a possibility. In Rel.16 specification [6], sub-slot-based HARQ-ACK feedback is configured with the higher-layer parameter subslotLength-ForPUCCH, which represents a number of symbols within a sub-slot. In the specification, PUCCH transmission procedure is just reused with only the difference of a number of symbols within a slot (i.e., for sub-slot-based HARQ-ACK feedback, a slot includes a number of symbols indicated by subslotLength-ForPUCCH). Currently, there is no restrictions to apply PUCCH repetition procedure with the configuration of subslotLength-ForPUCCH. Therefore, one interpretation is that multiple sub-slot transmission by applying Rel.15 PUCCH repetition mechanism is supported in Rel.16. If Rel.16 concludes such operation is not allowed, it should be studied in Rel.17.
The sub-slot-based PUCCH repetition should be applied to short PUCCH format and a dynamic indication of number of repetitions should be supported. In Rel.15, PUCCH repetition is only for long PUCCH formats (PUCCH formats 1, 3 or 4). When a UE is configured with sub-slot-based HARQ-ACK, especially with 2-symbol sub-slot, only short PUCCH formats (PUCCH formats 0 or 2) can be used. In such configuration, short PUCCH formats 0 or 2 should also be applicable for PUCCH repetition. In Rel.15, the number of PUCCH repetitions is semi-statically configured. However, as mentioned above, the reliability requirement for HARQ-ACK feedback depends on the reliability of initial transmission. The reliability of initial transmission may be changed dynamically based on the data size and/or resource availability. Therefore, it would be beneficial to introduce dynamic indication of the number of PUCCH repetitions. The number of repetition can be indicated as an additional parameter in the PUCCH resource set. This does not increase the DCI overhead. Furthermore, to extend an applicable PUCCH format and/or to introduce dynamic indication of number of repetitions are not only limited to sub-slot-based HARQ-ACK feedback but also applicable to slot-based HARQ-ACK feedback.
Observation 1: In current Rel.16 specification, sub-slot-based PUCCH repetition is supported when the subslotLength-ForPUCCH is 7 symbols.
Proposal 1: Following enhancement should be studied in Rel.17.
· The PUCCH repetition of short PUCCH formats (PUCCH formats 0 or 2) 
· The dynamic indication of the number of PUCCH repetition.

Enhancement of multiple HARQ-ACK codebooks construction for supporting different service types for a UE
In Rel.15, HARQ-ACK codebook is constructed without any consideration of latency and/or reliability requirements and these HARQ-ACK bits are multiplexed in one PUCCH. In Rel.16, in order to ensure latency and/or reliability requirements, two HARQ-ACK codebooks can be simultaneously constructed for supporting different service types. If UE is indicated to generate two HARQ-ACK codebooks, a first HARQ-ACK codebook is associated with a PUCCH of priority index 0 (i.e., low priority) and a second HARQ-ACK codebook is associated with a PUCCH of priority index 1 (i.e., high priority). Rules for the two HARQ-ACK codebooks for supporting different service types had been specified such that in case a high priority UL transmission overlap with a low priority UL transmission, only the higher priority channel can be transmitted and the lower priority channel is dropped. Although this behaviour ensures the HARQ-ACK reliability with higher priority, the spectral efficiency would be degraded. To improve this, multiplexing of HARQ-ACK feedbacks associated to different priorities into one PUCCH or PUSCH should be considered. This enhancement is discussed in [7] (in agenda 8.3.3).
Another enhancement to prevent system inefficiency due to HARQ-ACK dropping would be HARQ-ACK retransmission. This has been already specified in Rel.16 NR-U to overcome the dropping of HARQ-ACK transmission due to the LBT failure. The techniques specified in Rel.16 NR-U are enhanced Type-2 HARQ-ACK codebook (PDSCH grouping and NFI) and Type 3 HARQ-ACK codebook (one-shot codebook). These can be starting point, although to multiplex the HARQ-ACK with different priorities into one PUCCH or PUSCH should be more important.
For intra-UE prioritization/multiplexing, there is a timeline requirement. This may cause scheduling restriction and latency issue for URLLC transmission. Simultaneous transmission of multiple PUCCHs or simultaneous transmission of PUCCH and PUSCH are potential techniques for UE feedback enhancement. In Rel.16, simultaneous PUCCH and PUSCH(s) is supported only in the case that multiple PUCCH groups are configured and the respective PUCCH and PUSCH(s) are transmitted in the different PUCCH groups. The number of PUCCH groups and UL carriers are subjected to UE capability. If UE is configured with a PUCCH-SCell, the UE procedure for reporting control information is applicable to both primary PUCCH group and secondary PUCCH group independently. Then, potential enhancements for Rel.17 would be simultaneous PUCCHs transmission or simultaneous PUSCH and PUCCH transmission in a carrier or in different carriers in a same PUCCH group. For the simultaneous transmission of multiple PUCCHs or PUCCH and PUSCH in different carriers in a same PUCCH group would be straightforward approach as simultaneous PUSCHs in different carriers has been already supported in Rel.15. For the simultaneous transmission of multiple PUCCHs or PUCCH and PUSCH in a carrier, several aspects need to be studied. In the current specification, even for the CP-OFDM waveform, only adjacent or almost adjacent transmission is allowed in FR1 and only adjacent transmission is allowed in FR2 [8]. In order to respect this restriction, simultaneous transmission of multiple PUCCHs or PUCCH and PUSCH by using adjacent/contiguous frequency domain resource might be a possibility. However, if the operation is restricted to adjacent or almost adjacent resource, the actual gain of simultaneous transmission is questionable. In addition, in order to ensure the same transmit power for all symbols, the transmission symbol length and/or starting symbol of simultaneous transmission may needs to be aligned. PSD and data transmission width relation should also be taken into account as wider data transmission needs to be lower PSD as the total UE power is limited. 
Proposal 2: For the system efficiency improvement, multiplexing the HARQ-ACK associated with different priorities into one PUCCH or PUSCH should be prioritized.
Proposal 3: HARQ-ACK retransmission could be considered as one of potential techniques for improving the system efficiency. For HARQ-ACK retransmission, if specified, the techniques specified in Rel.16 NR-U such as enhanced Type-2 HARQ-ACK codebook and/or Type 3 HARQ-ACK codebook should be a starting point.
Proposal 4: Simultaneous PUCCHs transmission and/or simultaneous PUCCH and PUSCH transmission could be considered as one of potential techniques for UE feedback enhancement.
Observation 2: Simultaneous PUCCHs or simultaneous PUCCH and PUSCH transmission in different carriers in a same PUCCH group is straightforward approach considering that Rel.15 already supports simultaneous PUSCHs in different carriers.
Observation 3: Whether simultaneous PUCCHs or simultaneous PUCCH and PUSCH transmission in a carrier is useful or not should be studied.
· If the simultaneous transmission is restricted to adjacent or almost adjacent frequency resource, the gain would be limited.
· How to ensure the same transmit power for all symbols and how to handle PSD difference between PUCCH and PUSCH should be taken into account.

Other enhancements
In Rel.15, only implicit HARQ-ACK feedback has been specified for UL configured grant transmission. This means that there is no explicit HARQ-ACK feedback from the gNB to the UE upon receiving the UL configured grant transmission. Only when gNB is not able to successfully decode the configured grant transmission, it sends an uplink grant via DCI to the UE for retransmission. If the UE doesn’t receive anything during the duration of ConfiguredGrantTimer, UE assumes that the gNB has successfully received and decoded the configured grant transmission. If RLC operation is AM, RLC retransmission can be requested but it would not be suitable for URLLC use case. If RLC operation is TM or UM, there is no mechanism to retransmit data, then it implies that the packet which was missed at gNB as DTX will be lost. Although, it is considered to be sufficient for eMBB, but for URLLC, it might be difficult to achieve target BLER as low as 10-5 or 10-6 due to the difficulty for UE to differentiate between gNB successfully received and gNB failed to receive configured grant transmission itself. Based on the Rel.16 study on URLLC [9], it was concluded that there is no consensus on the necessity of explicit HARQ-ACK for configured grant PUSCH in Rel.16, because at least if a configured grant PUSCH resource is not shared by multiple UEs and if the reliability requirement is to be met by a single transmission, PUSCH miss detection probability is lower than the PUSCH target BLER and in this case, gNB’s miss detection would not be the issue. On the other hand, whether more than one UE needs to be further considered or not would be one discussion point. For UL configured grant transmission, to configure completely individual resource for each UE of configured grant transmission is resource inefficient. Then, network may configure multiple UEs to share the resource. Although the network should configure the resource considering that collision rate is sufficiently low taking into account the service of the URLLC traffic characteristics, if high collision rate needs to be handled explicit HARQ-ACK could be studied. For explicit HARQ-ACK, introducing the DFI feature specified in Rel.16 NR-U and the correction to remove “shared channel usage” in the specification might be sufficient and this might be the one of discussion topics related to harmonizing UL configured grant enhancements in NR-U and URLLC.

Conclusion
In this contribution, we provide our view on UE feedback enhancement for Rel.17 enhanced IIoT/URLLC. We made following observations and proposals.
Observation 1: In current Rel.16 specification, sub-slot-based PUCCH repetition is supported when the subslotLength-ForPUCCH is 7 symbols.
Proposal 1: Following enhancement should be studied in Rel.17.
· The PUCCH repetition of short PUCCH formats (PUCCH formats 0 or 2) 
· The dynamic indication of the number of PUCCH repetition.
Proposal 2: For the system efficiency improvement, multiplexing the HARQ-ACK associated with different priorities into one PUCCH or PUSCH should be prioritized.
Proposal 3: HARQ-ACK retransmission could be considered as one of potential techniques for improving the system efficiency. For HARQ-ACK retransmission, if specified, the techniques specified in Rel.16 NR-U such as enhanced Type-2 HARQ-ACK codebook and/or Type 3 HARQ-ACK codebook should be a starting point.
Proposal 4: Simultaneous PUCCHs transmission and/or simultaneous PUCCH and PUSCH transmission could be considered as one of potential techniques for UE feedback enhancement.
Observation 2: Simultaneous PUCCHs or simultaneous PUCCH and PUSCH transmission in different carriers in a same PUCCH group is straightforward approach considering that Rel.15 already supports simultaneous PUSCHs in different carriers.
Observation 3: Whether simultaneous PUCCHs or simultaneous PUCCH and PUSCH transmission in a carrier is useful or not should be studied.
· If the simultaneous transmission is restricted to adjacent or almost adjacent frequency resource, the gain would be limited.
· How to ensure the same transmit power for all symbols and how to handle PSD difference between PUCCH and PUSCH should be taken into account.
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