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1. Introduction
Hybrid ARQ (HARQ) is one of the most fundamental physical layer techniques in modern wireless communication systems. HARQ also continues to play a key role in 5G NR for providing higher spectral efficiency and transmission reliability. Compared with LTE-A systems, a faster, more dynamic HARQ is to be standardized in NR. In RAN1 #88, whether and how a multi-bit HARQ-ACK feedback scheme is to be supported in NR has received much attention and vigorously debated. The conclusion is [1]:
Working assumption:
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:

· Only allow CBG based (re)-transmission for the same TB of a HARQ process

· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable
Based on the working assumption, a flexible multi-bit HARQ-ACK feedback scheme will be supported in 5G NR systems. In this contribution, we discuss further design details regarding the feedback scheme.
2. Discussions
In 5G new radio (NR) systems, enhanced mobile broadband (eMBB), ultra-reliable and low-latency communications (URLLC), and massive machine-type communications (mMTC) have been identified as the three major application scenarios. In general, higher transmission reliability and lower latency are simultaneously targeted for 5G NR systems. HARQ is an essential physical layer transmission technique in modern communication systems, where retransmissions are requested by the receiver by sending a HARQ feedback message in the case of decoding failure. To meet various stringent design targets, HARQ will continue to play a key role in NR.
The requirement to serve URLLC and eMBB data simultaneously for a gNB leads to the possibility that the eMBB data is punctured by the URLLC data. To help the victimized UE receiving punctured data improve the probability of successful decoding, it has been agreed that the gNB can dynamically notify the UE of the fact that the DL data has been punctured [1]. The signalling details are left for further study. Multi-bit HARQ-ACK feedback is partly motivated by the fact that the eMBB transmissions could be punctured from time to time. To the receiving UE, having a part of the DL data being punctured is tantamount to experiencing a strong bursty interference at the punctured time-frequency resource. It is thus a reasonable approach for the UE to indicate the corrupted code blocks back to the gNB, and have the gNB retransmit only the indicated code blocks.
Another motivation for supporting multi-bit HARQ-ACK is simply due to the largely increased number of code blocks in NR systems. The number of code blocks in a NR system could potentially reach 70. This is to be compared with a maximum number slightly above 10 in LTE/LTE-A systems [2]. With only one code block failing decoding, retransmitting all of the code blocks is clearly unnecessary. Based on these observations, we thus propose
Proposal 1: Confirm the Working Assumption to support CBG-based (re)transmission.
To maintain full flexibility in multi-bit HARQ-ACK scheme, the current consensus is to work on code block groups (CBGs), while giving full flexibility of the size of one CBG. Specifically, from the working assumption we have:

· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable
Note that with the current working assumption, one CBG can include only one CB. This means that in the extreme case the UE will have to feed back more than 70 bits to the gNB to indicate the decoding result if a bitmap is used. This clearly puts too much burden on the UL feedback channel. Besides, a higher granularity of CBG indication exhibits diminishing  gain on the resource utilization efficiency. It is therefore worth studying whether a signalling scheme other than plain bitmap should be supported, and/or the full range CBG size should be allowed in all cases.
Proposal 2: Study the signalling scheme for CBG indication, and restriction on the range of CBG size.
As mentioned previously, the motivation for supporting a multi-HARQ ACK scheme includes at least the possibility of being punctured by low-latency URLLC data, and a largely increased number of code blocks. Arguably, such motivation also applies to the UL transmission. The current working assumption implicitly discusses the CBG in the context of DL transmission, as written in the working assumption
· In the such case, UE reports single HARQ ACK bits for the TB
Similar boost of resource allocation efficiency could also be obtained by enabling CBG-based (re)transmission in the UL direction. However, unlike the DL case, the CBG indication has to be transmitted in the UL grant as asynchronous adaptive UL HARQ will be supported in NR. It is worth studying that the CBG indication signalling scheme for the DL transmission can be straightforwardly applied to the UL case or not. We therefore propose
Proposal 3: Study CBG-based (re)transmission also for the UL data transmissions.
3. Conclusions
In this contribution, we have discussed issues related to multi-bit HARQ-ACK feedback schemes in NR. We have the following proposals:
Proposal 1: Confirm the Working Assumption to support CBG-based (re)transmission.
Proposal 2: Study the signalling scheme for CBG indication, and restriction on the range of CBG size.
Proposal 3: Study CBG-based (re)transmission also for the UL data transmissions.
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