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1 Introduction
In LTE framework, only TB level HARQ-ACK is feedback from the receiver to the transmitter. The resulting single HARQ-ACK bit per TB reduces the HARQ-ACK feedback overhead. This also guarantees the HARQ-ACK transmission reliability especially in coverage limited case, e.g., UL HARQ-ACK transmission from cell edge UE. However, this results in low transmission efficiency for data with large payload size. Even if only one code block is not correctly decoded at the receiver, the whole TB consisting of multiple code blocks has to be transmitted again.
For NR, it is expected to have higher transmission efficiency for eMBB compared to LTE. In RAN1#86bis, RAN1#87 as well as RAN1 January Ad hoc meeting, a few contributions are submitted and discussed for the purpose of enhancing the HARQ feedback and improving the transmission efficiency. Finally, regarding the scheduling and HARQ procedure in NR, the agreements on HARQ-ACK feedback are shown as follows [1]:
Agreements:
· HARQ-ACK feedback with one bit per TB is supported.

Agreements:
· RAN1 will down select following options to utilize HARQ-ACK feedback with more than one bit per TB until the next meeting

· Option 1: CB-group based re-transmission (Samsung) 

· Option 2: Decoder state information feedback (Nokia)

· Option 3: CB-level outer erasure code (Qualcomm)

· Option 4: Any combination of Option 1-3

· Other options are not precluded

· Note that if RAN1 will not reach consensus in the next meeting, no support of utilization HARQ-ACK feedback with more than one bit per TB in Rel-15
In this contribution, we focus on the enhancement of HARQ-ACK feedback for downlink transmission and present our views.
2 Discussion
In LTE, internal interleaver for Turbo coding is specified with a limited number of code block sizes. The maximum code block size is 6144 for simplification in Turbo decoder. As illustrated in TS36.212, if a transport block, including the transport block level CRC, has a bit length larger than the maximum code block size, then the procedure of code block segmentation, is applied before the bits are fed into Turbo coder [2]. For code block segmentation, the transport block is segmented into several code blocks so that each code block size is smaller or equal to that limit, and the size of each code block should match the set of specified code block sizes supported by the Turbo encoder. It was agreed in RAN1#87 meeting that LDPC will be used for data channel of eMBB. It is likely that only a limited set of parity check matrices will be supported, so only a limited number of code block size will be supported in NR as well. 
In LTE (TS36.212), during the code block segmentation procedure, a code block level CRC of 24 bits is calculated for and appended to each code block. Each code block can be decoded independently. The benefit of having a code block level CRC enables early detection of correctly decoded code blocks and correspondingly early stop of the iterative decoding of that code block. This can be used to reduce the terminal processing effort and corresponding energy consumption. In LTE, for a transport block consisting of multiple code blocks, only all the code blocks of the transport block are correctly decoded, the transport block can be seen as a correctly decoded TB and the corresponding HARQ-ACK feedback is set to ACK; otherwise, the transport block is seen as an incorrectly decoded TB and the corresponding HARQ-ACK feedback is set to NACK even though there is only one code block is incorrectly decoded. In case of NACK reported from the receiver to the transmitter, the transmitter has to retransmit all the code blocks of the TB. Compared to the method of only retransmission of the failed code blocks, current LTE retransmission of the whole TB leads to the significant performance degradation due to more resource is needed in retransmission. E.g., the maximum TBS in LTE is set to 97896 bits which is used when 256QAM modulation is used and 110 PRBs are assigned [3]. This TBS can be divided to 16 code blocks with the maximum code block size of 6144. If only one code block is not correctly decoded, then all the 16 code blocks have to be retransmitted. The retransmission efficiency is 1/16. Low transmission efficiency leads to performance degradation.  

For 5G NR, more severe performance degradation is foreseen due to larger transport block size. E.g., the carrier bandwidth is estimated at least 100 MHz for below 6 GHz bands and may be increased to around GHz for high frequency band, e.g., millimeter wave bands. With that wide carrier bandwidth, data transmission over the full carrier bandwidth will lead to a quite large TBS. Consequently, the number of code blocks for the maximum TBS might be larger than one hundred. If one HARQ-ACK bit corresponds to one code block, too much overhead is caused.
Hence, from the perspective of overhead, current LTE retransmission mechanism with only single bit ACK or NACK reported from the receiver to the transmitter has little HARQ-ACK overhead. More precise retransmission means more overhead is needed in the HARQ-ACK reporting. The most efficient retransmission is to only retransmit the failed code blocks at the cost of multiple HARQ-ACK bits with each HARQ-ACK corresponding to one code block. The problem is the resulting HARQ-ACK overhead in this framework may be too large and there may have no sufficient resource to transmit these large ACK/NACK payloads, especially when the number of code blocks forming a TB is about one hundred and only one or two symbols can be used for short PUCCH transmission for fast HARQ-ACK feedback. Therefore, a trade off is needed to balance the number of the reported HARQ-ACK bits and the transmission efficiency. At least, multi-bit reporting should be supported in 5G NR for transmission efficiency improvement.
Proposal 1: Support multiple HARQ-ACK bits per TB.
To reduce the HARQ-ACK overhead, 5G NR can also use the concept of HARQ-ACK bundling, which is introduced in Rel-8 TDD LTE to generate one or two HARQ-ACK bits for TDD UL/DL configuration 1, 2, 3, 4 and 5 by means of performing logic AND operation on the HARQ-ACK bits corresponding to those PDSCHs transmitted in same subframe set [3]. For NR, since each code block can be decoded independently, a corresponding ACK or NACK for each code block is generated after decoding. Multiple consecutive code blocks can be grouped together to form a code block group like multiple subframes forming a subframe set for ACK/NACK bundling in TDD LTE. Therefore, one code block group can correspond to one ACK or NACK bit by performing logic AND operation on the HARQ-ACK bits corresponding to those code blocks within same code block group. The number of resulting HARQ-ACK bits for one transport block is equal to the number of code block groups. Typically, since the number of code block groups of one transport block is equal to the ceiling of the number of code blocks divided by the code block group size, adjustment on the size of code block group can vary the HARQ-ACK overhead for one transport block so that a tradeoff between transmission efficiency and HARQ-ACK overhead can be obtained. One example is shown in Figure 1. The code block size is assumed to 4. So every four consecutive code blocks form one code block group which corresponds to one HARQ-ACK bit. The last code block group may have less than 4 code blocks in case that the number of code blocks can not be divided by 4. 
With the single HARQ-ACK bit feedback for each code block group, the key point is the successfully decoded code block group shall not be retransmitted in the following HARQ retransmission since they are already successfully decoded at receiver side. In that sense, the retransmission can use less resource and improve the resource utilization efficiency. 

Via HARQ-ACK bundling to reduce the HARQ-ACK overhead, UE and gNB need to synchronize their knowledge on the used code block group size. Generally, the code block size can be indicated by gNB to UE via RRC or L1 signaling. Alternatively, it can be set dependent on the number of code blocks forming the TB so as to avoid misunderstanding between gNB and UE. In this way, single HARQ-ACK bit per code block group is generated and the number of HARQ-ACK bits can be adjusted flexibly.  
Proposal 2: Support HARQ-ACK bundling to generate single HARQ-ACK bit per code block group.
Proposal 3: Support code block group based retransmission.
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Figure 1: every four code blocks form a group and correspond to one A/N bit
3 Conclusion

In this contribution, we focus on the enhancement of HARQ-ACK feedback for downlink transmission and present our views. Based on the above analysis in Section 2, we have below proposals:
Proposal 1: Support multiple HARQ-ACK bits per TB.
Proposal 2: Support HARQ-ACK bundling to generate single HARQ-ACK bit per code block group.
Proposal 3: Support code block group based retransmission.
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