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1. Introduction
Multiple HARQ feedback bits with CBG-based retransmission will be supported in 5G NR systems. Unlike in LTE systems, there will be more than one HARQ ACK/NACKs for a single TB in NR. Not much progress on this topic was achieved in RAN1-NR#2 [1]. Most of the agreed FFS points are still left undecided. It was agreed in RAN1 #89 that [3]
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 
Separately, it was agreed in RAN-NR#2 [2]
Agreements:
o
HARQ-ACK feedback of several downlink TBs can be transmitted over one uplink PUCCH or PUSCH
o
Retransmissions of a TB can only take place on the same carrier in which the initial transmission of the TB took place
o
RAN1 has taken the working assumption that in Rel.15 retransmissions of a TB can only take place using the same numerology with which the initial transmission of the TB took place

When multiplexing HARQ ACK/NACKs for multiple TBs across multiple CCs, the design in LTE-A systems cannot be directly applied as the number of HARQ ACK/NACKs bits for one TB is now variable. In this contribution, we propose a unified design framework in this regard.
2. Discussions
One of the design targets of the NR systems is to aim for a unified design under various scenarios. For example, several specialized designs and mechanisms have been developed for LTE TDD systems, including HARQ-ACK feedback. Also, the HARQ feedback mechanism under carrier aggregation (CA) is designed separately from the original system. Striving to achieve a unified design framework for NR systems should be considered at an early stage.
The code block group (CBG)-based (re)transmission scheme has been agreed to be supported, where a TB is divided into a number of CBG, each associated with one HARQ-ACK. Considering the maximum number of CC that a UE supports, which has been agreed as 16, the number of supported CWs, and the support of cross-slot scheduling, the UL overhead for HARQ-ACK feedback will certainly increase as compared with that in the LTE-A systems. To efficiently reduce the feedback overhead, the concept of dynamic HARQ codebook has been standardized in LTE-A for eCA. The same principle should also be applied to NR systems and server as a starting point for further discussions.
Proposal 1: NR supports dynamic HARQ codebook for HARQ-ACK multiplexing.

One of the reasons a dynamic HARQ codebook was not adopted at an early stage for LTE is that the number of HARQ-ACK bits is not large enough to justify the optimization. Another reason is the issue of miss-detection of the DL scheduling DCI, so that the understanding of the number of scheduled PDSCH is not aligned between the eNB and the UE. In TDD this is partly solved by the concept of downlink assignment index (DAI). The concept of DAI is further enhanced in eCA, and both a counter DAI and a total DAI are standardized. This solves the issue of UE missing an intermediate DCI as well as UE missing the very last DCI. Finally, spatial bundling can be applied in case of mult-layer MIMO transmission. 

For NR, further complication arises as there could be more than one HARQ-ACK bit for a TB. Bundling across all the HARQ-ACK for CBGs within one TB essentially reduces it to TB-based transmission, and this is in contradiction of the motivation for supporting CBG-based (re)transmission. How to perform spatial bundling in this case is also unclear.  A straightforward solution would be to change from counting the number of scheduled TBs to counting the number of transmitted CBGs. Such a solution is simple yet maintains the principle of counter DAI and total DAI at the same time. However, the number of bits needed for signaling the counter/total DAI has to be evaluated again, as during the standardization of PUCCH format 4/5, since a DCI miss-detection now has different implication for the number of skipped HARQ-ACK bits. Accordingly, we propose that
Proposal 2: NR also adopts the concept of counter/total DAI as the design principle of dynamic HARQ codebook.
With the support of CBG-based (re)transmission and CBG-based dynamic HARQ codebook adaptation, a unified framework for multiplexing HARQ-ACK bits can be achieved by having a well-defined order of multiplexing. For example, suppose a UE aggregates 10 DL CCs, each of which has been configured with 8-layer transmissions (2 CWs) with 5 CBGs each. Further suppose the UE has been configured to multiplex the HARQ-ACK bits in a CC first, slot second, CW third, CBG last manner. Assume the UE has been scheduled to report HARQ-ACK feedback in slot 5 for data received in slot 3 and in slot 2, both with 2 CWs and 10 CCs each. If there are no DCI missing, the UE reports a total of 200 HARQ-ACK bits. If the UE misses one of the DCIs, it will realize this fact via the counter DAI by a jump in the CBG count. Therefore, we propose
Proposal 3: NR adopts a unified framework for multiplexing HARQ-ACK feedback for the cases of cross-slot report, MIMO, and CA.
3. Conclusions
In this contribution, we have discussed issues related to CBG-based (re)transmission and the HARQ feedback multiplexing for NR systems. We have the following proposals:
Proposal 1: NR supports dynamic HARQ codebook for HARQ-ACK multiplexing.
Proposal 2: NR also adopts the concept of counter/total DAI as the design principle of dynamic HARQ codebook.
Proposal 3: NR adopts a unified framework for multiplexing HARQ-ACK feedback for the cases of cross-slot report, MIMO, and CA.
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