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1. Introduction
In this contribution, an overview of HARQ-ACK mechanisms for NR is provided. 

2. HARQ-ACK feedback mechanisms
2.1. HARQ-ACK feedback timing
NR supports PUCCH spanning over multiple slots. RAN1 agreed that the timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values. Considering that NR supports short-PUCCH and long-PUCCH and slot aggregation for PUCCH transmissions, the applicable timing should be super flexible. For example, the timing of HARQ-ACK feedback using short-PUCCH should be symbol-level + slot-level granularity, while that using long-PUCCH should be slot-level or multiple-slots-level granularity. In case of UCI on PUSCH, the UCI should be piggybacked on the PUSCH that is overlapped with the HARQ-ACK feedback timing indicated by the DCI scheduling a PDSCH. 
Proposal 1:
· For short-PUCCH, support following granularities of timing indication for HARQ-ACK feedback:
· Symbol-level + slot-level granularity
· For long-PUCCH, support following granularities of timing indication for HARQ-ACK feedback:
· Slot-level granularity
· Multiple-slots-level granularity
· In case of UCI piggyback on PUSCH, the UCI is piggybacked on PUSCH which is overlapped with the HARQ-ACK feedback timing indicated by the DCI scheduling a PDSCH.
· FFS: if the timing indicated by the DCI and the PUSCH starting position are not fully aligned.

2.2. HARQ-ACK multiplexing
[bookmark: _GoBack]As agreed in the last RAN1 meeting, HARQ-ACK multiplexing is necessary. This is for both FDD operation and TDD operation. When HARQ-ACK feedback for more than one TB on different slots overlap, the HARQ-ACK feedback can be multiplexed on one channel, so that efficient feedback is realized. In case each DCI schedules data for each slot while all HARQ-ACK feedback are multiplexed together, it is important to make sure that gNB and UE have the common understanding on how and which HARQ-ACK feedback information bits are multiplexed; miss-detection of one/some scheduling DCI(s) should not significantly impact on the HARQ feedback of the whole system. On the other hand, feedback all the possible HARQ-ACK information regardless of how slots are scheduled is not a right approach as it requires to transmit large UCI payload all the time. For LTE Rel. 13 eCA, HARQ-ACK multiplexing based on dynamic and semi-static HARQ-ACK codebook adaptation was supported. For the dynamic HARQ-ACK codebook adaptation, counter DAI and total DAI are included in each scheduling DCI to ensure UEs to notice miss detection of scheduling DCI(s) with sufficient reliability. NR should also support both dynamic and semi-static HARQ-ACK codebook adaptations. This is obviously for across time- and frequency-domains.
For spatial-domain, in case of LTE, the number of HARQ-ACK bits per PDSCH is semi-statically configured based on the transmission mode of the carrier where the UE is configured with. However, for NR, it was agreed that the number of code-words per PDSCH is 1 for up to 4 layers, and is 2 for more than 4 layers. Considering that in many cases the number of layers is not more than 4, it is wasteful if the number of HARQ-ACK bits of the carrier is fixed to 2, even when the UE is configured with up to more than 4 layers.
In addition, unlike LTE, NR supports CBG-based (re-)transmission. TB size is determined by the DCI per transmission. Then, depending on the TB size, the number of CBG(s) can be different [1]. In order to achieve the benefit of CBG-based (re-)transmission, HARQ-ACK feedback should be per CBG [2]. If the number of HARQ-ACK bits per TB also varies depending on the number of CBG(s) per TB, miss detection of a scheduling DCI causes losing the number of HARQ-ACK bits for the TB. If the number of HARQ-ACK bits per TB is fixed irrespective of the number of CBG(s) per TB, maximum possible bit-width is the only choice, which results in maximizing UL feedback overhead semi-statically. For re-transmission, a subset of the TB, e.g., one or some of CBGs, should be scheduled to achieve the benefit of CBG-based re-transmission. For such re-transmission, it should also be considered whether the number of HARQ-ACK bits is kept the same as for the initial transmission, or adjusted according to the number of CBG(s) that is/are re-transmitted. 
Figure 1 illustrates a conceptual image. First, the number of HARQ-ACK bits per DCI may be variable. Second, the number of DCIs per HARQ-ACK feedback channel may be variable. Once a DCI is miss detected, misalignment between UE and gNB on how many HARQ-ACK bits needs to be generated would occur. RAN1 should strive for a unified solution for all the above cases.
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Fig. 1	Concept of HARQ-ACK multiplexing for NR.

Proposal 2:
· HARQ-ACK multiplexing is supported.
· Strive for common mechanisms for the following cases:
· HARQ-ACK multiplexing for multiple TBs and/or for multiple CBGs.
· HARQ-ACK multiplexing for multiple data in a slot and/or for multiple data across slots.
· HARQ-ACK multiplexing for multiple-carriers.
· HARQ-ACK multiplexing for multiple code-words.
· Both dynamic and semi-static HARQ-ACK codebook adaptations are supported.
· For dynamic codebook adaptation, solution(s) to ensure reliability and flexibility is/are necessary.
· Both gNB-based solution and UE-based solution should be considered.

3. Conclusion
In this contribution, HARQ-ACK feedback mechanisms are discussed and following proposals were made.
Proposal 1:
· For short-PUCCH, support following granularities of timing indication for HARQ-ACK feedback:
· Symbol-level + slot-level granularity
· For long-PUCCH, support following granularities of timing indication for HARQ-ACK feedback:
· Slot-level granularity
· Multiple-slots-level granularity
· In case of UCI piggyback on PUSCH, the UCI is piggybacked on PUSCH which is overlapped with the HARQ-ACK feedback timing indicated by the DCI scheduling a PDSCH.
· FFS: if the timing indicated by the DCI and the PUSCH starting position are not fully aligned.
Proposal 2:
· HARQ-ACK multiplexing is supported.
· Strive for common mechanisms for the following cases:
· HARQ-ACK multiplexing for multiple TBs and/or for multiple CBGs.
· HARQ-ACK multiplexing for multiple data in a slot and/or for multiple data across slots.
· HARQ-ACK multiplexing for multiple-carriers.
· HARQ-ACK multiplexing for multiple code-words.
· Both dynamic and semi-static HARQ-ACK codebook adaptations are supported.
· For dynamic codebook adaptation, solution(s) to ensure reliability and flexibility is/are necessary.
· Both gNB-based solution and UE-based solution should be considered.
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