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1 Introduction

In RAN1#86b, it was agreed that LDPC channel coding is used for data information blocks [1]. Given the possibility of using a large bandwidth and higher order modulations, transport blocks (TBs) and the number of code blocks (CBs) per TB are expected to be large. Acknowledging the whole TB using a single bit may be inefficient, as it may result in retransmitting many correctly decoded CBs. In RAN1#86b, it was agreed that at least asynchronous and adaptive HARQ with a minimum of 1-bit feedback is supported for eMBB. Multi-bit HARQ feedback methods are FFS [2]. This contribution discusses solutions to reduce the amount of CBs retransmitted by using enriched HARQ feedback.

2 Discussion

2.1 Need for Enriched HARQ Feedback

Given the abundant bandwidth available in millimetre wave spectrum, eMBB data rates are anticipated to be substantially large. This is made possible by transmitting a large number of bits in one or multiple TBs per TTI. Since the size of an LDCP CB is in practice limited to a certain number of bits and the eMBB TB is large, the number of CBs per TB can be relatively larger than LTE. Acknowledging a large TB using a single HARQ feedback bit could lead to many unnecessary retransmissions of correctly decoded CBs. Therefore, enriched multi-bit HARQ feedback is useful to facilitate retransmission of a subset of the CBs initially transmitted. Further, to satisfy URLLC latency requirements in sub-6 GHz frequency bands, URLLC traffic may pre-empt eMBB services through puncturing of eMBB scheduled resources or superposition coding. This can cause a subset of eMBB CBs to fail, which would require a retransmission of all eMBB CBs in the TTI if simple HARQ is used. The use of CB-based enriched HARQ feedback in such scenario can reduce the amount of unnecessarily retransmitted CBs.

In response to CB-based HARQ feedback, the transmitter can retransmit only failed CBs. In addition, soft combining can also be used on a per-CB basis. Depending on the enriched feedback details, the transmitter may further use adaptive HARQ retransmission to improve the residual BLER of the retransmitted subset of CBs, using improved resource allocation for example. 
Proposal 1:
It should possible to retransmit a subset of the CBs initially transmitted, depending on whether enriched HARQ feedback is used or not.
Depending on the size of the multi-bit HARQ feedback for a downlink transmission, it could be sent either on the NR-PUCCH or NR-PUSCH. It was agreed in RAN1#87 that the HARQ feedback reporting delay could be indicated dynamically on the DCI [1], which can be useful when multi-bit HARQ feedback is anticipated by the transmitter and scheduled on a PUSCH resource. 

It may be useful to use rich feedback in the first transmission then reduce the number of feedback bits in subsequent retransmission, since the number of CBs involved is lower and per-CB soft combining can be used. Conversely, if the channel quality is expected to be uniform across CBs, a single bit could be used from the first transmission. In the context of downlink URLLC/eMBB preemption, the gNB may configure the usage of a single-bit feedback for all non-preempted eMBB CBs, richer feedback for CBs multiplexed with URLLC traffic, and no feedback for CBs punctured by URLLC traffic. Since the transmitter inserts a CRC at the beginning of each CB, such configuration can be implicitly indicated to the receiver by dropping or masking the per-CB CRC.
Proposal 2:
The usage of single-bit, multi-bit, or no HARQ feedback can be dynamically indicated.
An alternate method to minimize the number CBs retransmitted and the associated HARQ feedback size is to group CBs into smaller TBs and transmit them in the same TTI. This type of fragmentation is particularly useful when CBs susceptible to URLLC interference are grouped by the transmitter in separate TBs and interference free CBs could be bundled into a larger TB, thus reducing the likelihood of retransmitting a large number of correctly decoded CBs.

In LTE, it is possible to map two TBs per TTI on the same HARQ process. Similar modelling can be used to map multiple TBs/TTI on one or multiple simultaneous HARQ processes. Mapping TBs to separate HARQ processes can be more favourable when there is less correlation between the TBs; although this can increase the number of used HARQ processes, the number bits in the HARQ soft-buffer memory is not that different from the single process case.

Proposal 3:
Multi-bit HARQ feedback design should include the case when multiple TBs are transmitted in the same TTI, mapped to a single or multiple HARQ processes. 
2.2 Enriched HARQ Feedback Design

The receiver can feedback A/N for a single CB or a CB group (CBg). One CBg can be as small as one CB, where grouping of CBs can be configured by the network or indicated by the receiver in the feedback bits. At the transmitter, a single HARQ feedback bit received instead of a multi-bit feedback -despite configuration- may be interpreted as an A/N for the whole TB.

Proposal 4:
Parameters associated with enriched HARQ feedback, including the feedback size and feedback bundling for a group of CBs, could be configured by the network or indicated by the receiver. 

Consecutive CBs may experience correlated error probability due to an interference burst, a deep fade, or a sudden change of pathloss (blockage or rain in millimetre wave spectrum for example). Depending on the enriched feedback design, CBs to be retransmitted could be determined explicitly by CB indication, or implicitly, based on indication of resources, reference measurements, or demodulation performance. Examples of explicit feedback include CB indices, such as 2 CBg indices and in between, a CBg index and an offset, or a bit map of 1 A/N-bit per CBg. Implicit enriched HARQ feedback could be based on indication of PRBs, slots, mini-slots, symbols, DM-RS demodulation levels, or CSI reports. The transmitter can then implicitly determine the CBs to retransmit, since it is aware of CB mapping between the resourced indicated by the indices or measurements reports. Depending on latency requirements, the receiver may base its implicit feedback parameters on decoding the per-CB CRCs or simply relying on measurements or demodulation performance. The latter may be used when the required feedback reporting delay is short, as decoding the CRCs for a large number CBs may require more time. In such case, the receiver indicates CBs that may experience a high NACK probability, rather than a definite NACK.

Proposal 5:
The indication of the failed CBs could be determined explicitly from the feedback or implicitly from a reported set of resources or channel quality metrics. 
3 Conclusion

In this contribution, enriched multi-bit HARQ feedback discussed, including motivation and design aspects. The following is proposed:
Proposal 1:
It should possible to retransmit a subset of the CBs initially transmitted, depending on whether enriched HARQ feedback is used or not.
Proposal 2:
The usage of single-bit, multi-bit, or no HARQ feedback can be dynamically indicated.
Proposal 3:
Multi-bit HARQ feedback design should include the case when multiple TBs are transmitted in the same TTI, mapped to a single or multiple HARQ processes. 
Proposal 4:
Parameters associated with enriched HARQ feedback, including the feedback size and feedback bundling for a group of CBs, could be configured by the network or indicated by the receiver. 

Proposal 5:
The indication of the failed CBs could be determined explicitly from the feedback or implicitly from a reported set of resources or channel quality metrics. 
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