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1. Introduction
Hybrid ARQ (HARQ) is one of the several essential physical layer techniques in modern wireless communication systems, including LTE. HARQ will also continue to play a key role in 5G NR for providing higher spectral efficiency and transmission reliability. A highly dynamic HARQ with a fast feedback and improved retransmission resource allocation is envisioned for 5G. In LTE, a simple message of ACK/NACK has been adopted as the HARQ feedback. In this contribution, we discuss some possible ways of enhancing the HARQ feedback to further improve the transmission efficiency.
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 HARQ feedback message can be as simple as an acknowledgment/negative-acknowledgment (ACK/NACK) to signify whether the last decoding was successful or not. Upon receiving a NACK, the transmitter sends a retransmission, which is combined in some ways with failed previous transmissions to form a better judgment as there is still useful information embedded in previous failed transmissions. In LTE systems, asynchronous adaptive HARQ and synchronous non-adaptive HARQ are adopted for the downlink and uplink data transmissions respectively. The content of HARQ feedback, however, comprises a simple ACK or NACK message in both cases. The HARQ retransmission is performed following the principle of incremental redundancy (IR). In the case of adaptive HARQ, the retransmitted segment and length can be determined dynamically.
Intuitively, when a decoding failure occurs, if extra information regarding how severe the transmission is corrupted by interference and/or noise can be made available to the transmitter, more judicious resource allocation can be performed at the transmitter side. Such information can also be conceived as a description of how close the received codeword is to the originally transmitted codeword. It is straightforward that more retransmission resource should be allocated if the previous transmission is more severely damaged. For example, the average value of the log likelihood ratio (LLR) produced at the decoding stage can serve as such a metric. In the case of a decoding failure, instead of simply sending NACK, the receiver can send quantized value of the LLR to the transmitter for better judgement of retransmission resource.

Alternatively, an enhanced HARQ feedback scheme can also be achieved by partitioning the transmitted block into more codeblocks (more as compared to the case in LTE), each having its own CRC protection. In the case of decoding failure, the receiver indicates the codeblocks which fails decoding in the HARQ feedback message. The transmitter then retransmits those codeblocks instead of the whole transport block. The retransmitted resource is thus also positively related to how severe the transport block had been damaged. Similar concepts have also been discussed in a few contributions [1][2]. Accordingly, we have the following proposal
Proposal 1: Study enhanced HARQ feedback in NR.
3. Conclusions
In this contribution, we have discussed the technique to achieve an improved feedback for 5G NR HARQ. In addition to the simple ACK/NACK message employed in LTE/LTE-A systems, a richer HARQ feedback message describing how severe the transmitted block has been damaged by interference and/or noise is proposed to be fed back by the receiver. The transmitter can then allocate the retransmission resource more efficiently. We have the following proposal
Proposal 1: Study enhanced HARQ feedback in NR.
4. References
[1] R1-1609744, “HARQ operation for large transport block sizes,” Nokia, Alcatel-Lucent Shanghai Bell
[2] R1-1609561, “Consideration on HARQ mechanism in NR,” MediaTek Inc.
PAGE  
2/2

