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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#89 meeting, regarding the scheduling and enhanced HARQ procedure as well as CBG-based HARQ-ACK feedback in NR, the related agreements are made as follows [1]:

Agreements:

· For downlink data transmission with CBG based (re)transmission,

· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission

· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission

· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived

· FFS HARQ ACK feedback on one channel for the case of multiple TBs

· FFS for fallback

Agreements:

· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.
Regarding CBG grouping, the related agreements are listed below:
Agreements:
· For grouping CB(s) into CBG(s), following is adopted.

· With indicated number of CBGs, the number of CBs in a CBG changes according to TBS.

· FFS for the case of re-transmission or the case when the number of CBs is smaller than the indicated number of CBG

· FFS “indicated” is realized by RRC, MAC, L1 signalling

Agreements:
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.

· The difference of CB number per CBG between any two CBGs is either 0 or 1.

· FFS on the detailed rule for the CB grouping.

· Study further benefit and realization of non-uniform CB distribution across CBGs.

Besides of the issue of CBG grouping, there are still several open issues need to be solved, e.g., how to generate HARQ-ACK bit per code block group and how to report the HARQ-ACK. In this contribution, we focus on the open issues and present our views.
2 Discussion
For 5G NR, from the perspective of RAN1 specification, maximum channel bandwidth per NR carrier is 400MHz in Rel-15. 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. The incorrectly decoding of any one code block will lead to retransmit all the code blocks of the TB if only single bit HARQ-ACK feedback for the TB is transmitted from the receiver to the transmitter. Especially, when DL eMBB transmission suffers the burst interference from URLLC transmission from neighboring cells, there may be just one or two OFDM symbols of eMBB transmission impacted by such unpredictable URLLC transmission. With the help of multi-bit HARQ-ACK feedback, gNB can know the decoding state at UE side to a certain extent and only retransmit the impacted code blocks.
On the other hand, from the perspective of HARQ-ACK feedback overhead, single bit HARQ-ACK feedback from the receiver to the transmitter has the least HARQ-ACK overhead. However, more HARQ-ACK feedback bits can lead to more precise retransmission. Theoretically, 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 huge 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 retransmission efficiency.
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, 4]. 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 the same code block group. The number of resulting HARQ-ACK bits for one TB is equal to the number of code block groups. Typically, the number of code block groups of one TB can be configured via RRC signaling or dynamically indicated by physical layer signaling. Then the number of code blocks of one CBG, i.e., CBG size, varies according to the TB size. Obviously, semi-static or dynamic adjustment on the number of code block groups can vary the number of CBG-based HARQ-ACK feedback bits for one TB so that a tradeoff between retransmission efficiency and HARQ-ACK feedback overhead can be obtained. One example is shown in Figure 1. For a TB consisting of 16 code blocks, the number of CBGs is assumed to 4, so the code block size is 4. Every four consecutive code blocks form one code block group which corresponds to one HARQ-ACK bit. In case that the number of code blocks can not be divided by 4, uniform CBG size should be guaranteed. The detailed CBG construction is mentioned in the companion contribution [2].
Proposal 1: Support HARQ-ACK bundling to generate single HARQ-ACK bit per CBG.
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Figure 1: Code block grouping and corresponding HARQ-ACK bit generating
Regarding HARQ-ACK codebook size, the number of resulting HARQ-ACK bits for one TB is equal to the number of code block groups. Typically, the number of code block groups of one TB can be configured via RRC signaling or dynamically indicated by physical layer signaling. Then the number of code blocks of one CBG, i.e., CBG size, varies according to the TB size. Obviously, semi-static or dynamic adjustment on the number of code block groups can vary the number of CBG-based HARQ-ACK feedback bits for one TB.
To support CBG-based HARQ-ACK feedback, gNB and UE should have same understanding on the HARQ-ACK codebook size. Since one HARQ-ACK bit corresponds to one CBG, based on the number of CBGs, UE can generate a single bit for each CBG then concatenate the generated bits in one HARQ-ACK codebook. In this sense, the HARQ-ACK codebook size for this TB is exactly same to the number of CBGs. However, problem may happen for the retransmission case. One example is shown in Figure 2, for a given TB consisting of 4 CBGs, UE transmits 4 HARQ-ACK bits corresponding to 4 CBGs in the first HARQ-ACK feedback. Dependent on the reported ACK or NACK for each CBG, gNB retransmits the CBG(s) reported as “NACK”, e.g., CBG2 and CBG3. Since the number of CBGs in the retransmission is smaller than 4, how to determine the HARQ-ACK codebook size for the second HARQ-ACK feedback needs to be specified after UE receives the retransmitted CBG(s). 
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Figure 2: HARQ-ACK codebook size determination for retransmitted CBGs
Basically, there are two alternatives to determine the HARQ-ACK codebook size for retransmitted CBG(s).

· Alt 1: HARQ-ACK codebook size is always equal to the number of configured CBGs

· Alt 2: HARQ-ACK codebook size is equal to the number of (re)transmitted CBGs
In Alt 1, HARQ-ACK codebook size is not changed in following retransmission compared to initial transmission. If CBG grouping is fixed, CBG construction is based on the number of CBs of the entire TB and kept unchanged. In that sense, some HARQ-ACK bits corresponding to CBGs those have been reported as “ACK” in the first HARQ-ACK transmission shall be transmitted again to guarantee same HARQ-ACK codebook size. If CBG grouping can be dynamically changed, then finer CBG granularity is caused according to the number of CBs to be retransmitted so that the number of CBGs can be kept unchanged. The related CBG construction is discussed in our companion contribution [2]. Hence, Alt 1 is related to the CBG construction. The main benefit of Alt 1 is same HARQ-ACK codebook size for each HARQ-ACK feedback.
In Alt 2, since HARQ-ACK codebook size is equal to the number of retransmitted CBGs, the HARQ-ACK codebook size varies compared to the initial transmission. As discussed in our companion contribution [3], to synchronize the understanding between gNB and UE on the retransmitted CBGs, CBG indication can be included in DCI. Based on the CBG indication, UE can exactly know the retransmitted CBGs and generate single HARQ-ACK bit for each retransmitted CBG. In that sense, the HARQ-ACK codebook size for retransmission is clearly equal to the number of retransmitted CBGs. UE and gNB have no misunderstanding on the number of retransmitted CBGs so that the knowledge of HARQ-ACK codebook size is kept same between the both sides. Compared to Alt 1, Alt 2 does not lead to redundant HARQ-ACK bits.

Proposal 2: Consider both the case where the HARQ-ACK codebook size is the same as the number of configured CBGs, and the case where the HARQ-ACK codebook size is the same as the number of (re)transmitted CBGs,
3 Conclusion

In this contribution, we focus on the open issues of the CBG-based HARQ-ACK generation and feedback for downlink eMBB transmission. 
Based on the above analysis in Section 2, we have below proposals:
Proposal 1: Support HARQ-ACK bundling to generate single HARQ-ACK bit per code block group. 

Proposal 2: Consider both the case where the HARQ-ACK codebook size is the same as the number of configured CBGs, and the case where the HARQ-ACK codebook size is the same as the number of (re)transmitted CBGs,
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