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1 Introduction

At RAN1 #89 meeting, the following agreements related to CBG-based feedback and retransmission were approved [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 

This contribution discusses CBG-based feedback.
2 CBG-based feedback
As discussed in [2], it is proposed that the number of CBG(s) m equals to min(C, N), where C is the number of CB(s) of a TB and N is the maximum number of CBG(s) configured by higher layer signalling. Regarding the agreements “the number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission”, there are following possible options for number of CBG HARQ ACK bits.
· Option 1: The number of CBG HARQ ACK bits for a TB is equal to N, i.e., a value or maximum number of CBG(s) configured by higher layer signalling. The number of CBG HARQ ACK bits is fixed as N no matter initial transmission or retransmission and no matter how many actual CBGs are transmitted.
· Option 2: The number of CBG HARQ ACK bits for a TB is equal to m, i.e., the number of CBG(s) consisting of the TB in its initial transmission. Although partial CBG(s) are re-transmitted, the number of CBG HARQ ACK bits is fixed during a HARQ process and is equal to the number of CBG(s) in initial transmission. 
· Option 3: The number of CBG HARQ ACK bits for a TB is equal to the number of transmitted CBG(s). For each (re-)transmission, the number of CBG HARQ ACK bits is adjusted dynamically to the number of CBG(s) transmitted. For example, n CBG(s) are (re-)transmitted, then n bits are fed back.
From the perspective of UCI cost, option 3 is most efficient. However, it cannot deal with the false alarm issue. For example as shown in Figure 1, a TB is divided into 4 CBGs, and the UE finally discovers that the TB CRC is not passed even though the UE has reported ACK(s) for a number of CBG(s) previously. In this case, with option 1 or option 2, the simplest solution is that the UE reports all-NACK state to the gNB, and the gNB may choose to retransmit the whole TB afterward. 
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Figure 1. Example for false alarm in CBG based feedback and retransmission
Based on the above consideration, option 1 and option 2 are preferred. Especially, considering the case where the number of CBs is smaller than the value configured by higher layer signalling, option 2 is more efficient than option 1. That is, the actual number of CBG(s) or feedback bits m equals to min(C, N), where C is the number of CBs of the TB and N is the number of configured CBGs.
On the other hand, for HARQ-ACK multiplexing across more than 2 TBs from different PDSCHs or different carriers, miss detection of scheduling DCI(s) may happen. For example, assuming HARQ-ACK multiplexing across 2 TBs, where one contains 2 CBGs and another contains 3 CBGs. If one lost TB (and its DCI) is detected with DAI mechanism, the receiver does not know the codebook size since it does not know the number of CB(s) or CBG(s) of the lost TB based on option 2 (Note that it does not happen for single TB case since receiver would feedback nothing if scheduling DCI(s) is lost). With option 1, similar DAI mechanism in LTE can work well since the codebook size can be determined and N bit NACKs can be fed back for the lost TB. To be specific, the codebook size is NM where M is the number of TBs or PDSCHs based on TB-level DAI in LTE. If DTX is detected, then the corresponding bits can be set as NACK.
Proposal 1: Following CBG-based feedback should be supported

· The number of CBG HARQ ACK bits for a TB is equal to the number of CBG(s) consisting of the TB.

· For HARQ-ACK multiplexing across more than 2 TBs from different PDSCHs and/or different carriers, the number of CBG HARQ ACK bits for a TB can be equal to a value configured by higher layer signalling.
In addition, further discussion on HARQ-ACK state maintenance based on option 1 and option 2 is provided, i.e., which states the UE should set in the CBG-based HARQ-ACK codebook for the CBGs that are not retransmitted currently. Note that these CBGs are probably those for which ACK states has been reported by the UE. As the example shown in Figure 1, assuming that the gNB detects DTX when the UE transmitted the CBG-based HARQ-ACK including ACK states for CBG 2 and CBG 3, then the gNB may retransmit the whole TB for the 1st retransmission. In this case, it is better for the UE to set ACK states for CBG 2 and CBG 3, so-called ACK maintenance, in order for the gNB not need to retransmit CBG 2 and CBG 3 in the 2nd retransmission. 

Proposal 2: The UE should report all-NACK state when the UE discovers that the TB CRC is not passed. 

Proposal 3: The UE should set ACK states in the CBG-based HARQ-ACK codebook for the CBGs that are not retransmitted currently and for which ACK states has been reported by the UE previously.
3 Fallback
When a UE is configured with CBG-based (re)transmission and CBG-based feedback, it worth studying whether to support fallback to TB-based (re)transmission and/or TB-based feedback. 
The first motivation for fallback is consideration of UCI payload and UL coverage limit. Considering aggregated HARQ-ACK feedback of multiple TBs and other UCI types (e.g., SR/RI(CRI)/PMI/CQI/BMI) in single UCI, the total payload may exceed the maximum payload limitation of UCI. For this case, similar to spatial bundling in LTE, automatically falling back to 1 bit feedback per TB is a good choice. 
Another motivation for fallback is scheduling flexibility and to avoid the gNB-UE misunderstanding in any RRC (re)configuration duration. To support dynamical switching between TB-based feedback and CBG-based feedback, fallback indicated via L1 signalling could be considered. For example, if a bitmap is introduced in DCI for CBG indication and assume “1” represents the corresponding CBG is (re)transmitted, then the state “all zeros of CBG indication fields” can be used for fallback indication. To this regard, UE just needs to monitor a DCI format even during RRC (re)configuration. 
In addition, for some cases, falling back to TB-based feedback can improve the performance of acknowledgement transmission. Considering transmission reliability of data channel, most of the transmitted CBGs will pass the CRC check, which means UE will transmit n bits ‘1’ for all right state at most time (Assuming ‘1’ stands for ACK). For this case, if UE falls back to TB-based feedback, only one bit information needs to be transmitted, which can improve the performance compared to the n bits information transmission. In a similar way, if UE needs to transmit all wrong state (n bits ‘0’), falling back to TB-based feedback can be also considered.
Proposal 4: Automatically falling back to TB-based feedback is supported when the total number of feedback bits exceeds the maximum payload limitation of UCI.
Proposal 5: The status “all zeros” of CBG indication fields can be used for fallback indication if a dedicated bitmap is introduced in DCI for CBG indication where “1” represents the corresponding CBG is (re)transmitted.

Proposal 6: Falling back to TB-based feedback is supported when all CBGs are right or wrong.
4 Conclusions
In this contribution we discussed the CBG-based HARQ-ACK feedback. According to the above discussions, we have the following proposals:
Proposal 1: Following CBG-based feedback should be supported

· The number of CBG HARQ ACK bits for a TB is equal to the number of CBG(s) consisting of the TB.

· For HARQ-ACK multiplexing across more than 2 TBs from different PDSCHs and/or different carriers, the number of CBG HARQ ACK bits for a TB can be equal to a value configured by higher layer signaling.
Proposal 2: The UE should report all-NACK state when the UE discovers that the TB CRC is not passed. 

Proposal 3: The UE should set ACK states in the CBG-based HARQ-ACK codebook for the CBGs that are not retransmitted currently and for which ACK states has been reported by the UE previously.

Proposal 4: Automatically falling back to TB-based feedback is supported when the total number of feedback bits exceeds the maximum payload limitation of UCI.

Proposal 5: The status “all zeros” of CBG indication fields can be used for fallback indication if a dedicated bitmap is introduced in DCI for CBG indication where “1” represents the corresponding CBG is (re)transmitted.

Proposal 6: Falling back to TB-based feedback is supported when all CBGs are right or wrong.
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