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1 Introduction

At the last meeting, the following agreements related to CBG-based feedback and retransmission were approved [1]:
Agreements:
· Confirm the working assumption as below.

· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:

· Only allow CBG based (re)-transmission for the same TB of a HARQ process

· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB

· CBG can include one CB

· CBG granularity is configurable

Agreements:
· HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.
· FFS: in case of CBG-based re-transmission.
This contribution discusses CBG-based feedback, including the codebook size and HARQ-ACK multiplexing.
2 CBG-based feedback
In LTE systems, the transport block (TB) is the basic transmission unit for physical layer. After appending a TB CRC, a TB is segmented to several code blocks (CB) according to the maximum CB size limitation (e.g., 6144 bits for LTE). Then 24-bit CRC sequence is attached to each CB so that each code block can be decoded independently. Because one HARQ-ACK bit feedback is used for one TB, all CB’s would be retransmitted even when one CB is erroneous. It might cause unnecessary retransmission of some CBs especially when large TBS (more CBs) is selected or with URLLC preemption.
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Figure 1. An example of CBG-based HARQ-ACK feedback
To avoid unnecessary retransmission of successfully decoded CBs, the most efficient retransmission scheme is to introduce HARQ-ACK feedback for each CB. However, it would lead to too high overhead of HARQ-ACK, especially when the number of CBs is large. Instead, we can divide one TB into N CB groups (CBG), each of which consists of one or several CBs. 1 bit HARQ-ACK feedback per CBG can be used. When all CBs within a CBG are decoded correctly, then 1 bit ACK associated with this CBG is fed back. Otherwise, 1 bit NACK is fed back, and this CBG needs to be retransmitted. This CBG-based HARQ-ACK feedback can balance retransmission efficiency and feedback cost through configuring CBG size. Figure 1 illustrates an example of CB grouping method where every four CBs form a group. 
Note that 1 HARQ-ACK bit per TB was agreed and it is a baseline for NR. It can be applied for a TB whose CB number is small (e.g., 1 or 2) or for the case where the capacity or coverage of UL control is limited. On the other hand, 1 bit HARQ-ACK feedback per CBG can be used for a TB whose CB number is relatively large or the case with URLLC preemption. Therefore, 1 HARQ-ACK bit per TB and 1 bit HARQ-ACK feedback per CBG could be configured in NR, e.g., through RRC signaling. Besides, multi-bit HARQ-ACK feedback triggered by preemption indication is also an efficient way, especially when the arrival rate is low. If there is no URLLC preemption for a TB or no preemption indication received for a UE, then 1 HARQ-ACK bit per TB is used to save UL feedback cost. 1 bit HARQ-ACK feedback per CBG is used to improve retransmission efficiency after preemption indication is identified.
Proposal 1: TB-based feedback and CBG-based feedback could be configured in NR. 
· For CBG-based feedback, 1 bit HARQ-ACK feedback per CBG should be supported.
3 HARQ-ACK multiplexing

At the last meeting, supporting HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers was agreed. For the case of CBG-based re-transmission, there is no reason to not support HARQ-ACK multiplexing. The motivation CBG-based re-transmission is improving spectrum efficiency for large TB or URLLC preemption case. The SE gain and necessity still holds when configured with one or more carriers or scheduled with multiple PDSCHs. Therefore, HARQ-ACK multiplexing for multiple PDSCHs with multiple CBGs of one or more carriers should be supported, especially when the total number of feedback bit does not exceed the UCI payload. Besides, NR should strive for common mechanisms for HARQ-ACK multiplexing for all kinds of cases, such as TB-based and CBG-based HARQ operations, single-PDSCH and multiple-PDSCH operations and single-carrier and multiple-carrier operations
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. Besides, we can limit the CBG number or aggregated PDSCH number considering UCI payload restriction. 
Proposal 2: HARQ-ACK multiplexing for multiple PDSCHs with multiple CBGs of one or more carriers should be supported.
In LTE, dynamic and semi-static HARQ-ACK codebook adaptation was supported for HARQ-ACK multiplexing. Semi-static HARQ-ACK codebook can be used because the DL/UL configuration and HARQ timing is fixed for each TDD configuration. Comparing to semi-static HARQ-ACK codebook, dynamic HARQ-ACK codebook adaptation can avoid unnecessary feedback cost. Especially, DAI mechanism (counter DAI and total DAI) is used to ensure for UEs to notice miss detection of scheduling DCI(s) with sufficient reliability. NR may not have fixed HARQ-ACK bundling window since flexible and dynamic HARQ-ACK timing indication are introduced. Based on this point, NR should at least consider supporting dynamic HARQ-ACK codebook adaptations. 
As shown in our companion contribution [2], for HARQ-ACK multiplexing across CBG(s) of single TB, to avoid unnecessary feedback cost, the feedback bit number m equals to min(C,N), where C is the number  of CBs for TB and N is the configured CBG number. However, for HARQ-ACK multiplexing across more than 2 TBs from different PDSCHs or different carriers, miss detection of scheduling DCI(s) may happen. Whether DAI mechanism needs enhancement could be further studied considering CBG-based retransmission. For example, assuming HARQ-ACK multiplexing across 2 TBs, where one contains 2 CBG(s) 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 CB number or CBG number of lost TB (Note that it does not happen for single TB case since receiver would feedback nothing if scheduling DCI(s) is lost). One possible solution is to keep the same number of feedback bits for different TBs, e.g., N bits for each TB. With this behavior, TB-level DAI 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. If DTX is detected, then the corresponding bits can be set as NACK.
Proposal 3: If HARQ-ACK multiplexing across more than 2 TBs from different PDSCHs and/or different carriers is applied, consider to keep the number of feedback bits between TBs.
4 False alarm issue
For PDSCH or PUSCH transmission in legacy LTE systems, a dual-loop CRC operation is used. Specifically, TB CRC is firstly attached to a TB before TB segmentation into C code blocks, and CB CRC is attached to each CB. CB CRC can be used to terminate the decoding process once the UE detects at least one CB CRC is incorrect. TB CRC is used to achieve low probability of false alarm, e.g., each CB CRC may pass but the TB CRC fails. In this case, the UE needs to report a NACK for the whole TB. In this case, there must be occurrence of false alarm for at least one CB CRC or TB CRC, even though both UE and gNB cannot know exactly the false alarm occurring to which CB(s). 
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Figure 2. Example for false alarm in CBG based feedback and retransmission
A similar false alarm issue should be considered for the CBG-based feedback and retransmission. For example as shown in Figure 2, 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, the simplest solution is that the UE reports all-NACK state to the eNB, and the eNB may choose to retransmit the whole TB afterward. 

In addition, another point is that 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. Here we assume that the same HARQ-ACK codebook size applies for initial and retransmission of CBG(s) in the same TB. As the example shown in Figure 2, assuming that the eNB detects DTX when the UE transmitted the CBG-based HARQ-ACK including ACK states for CBG 2 and CBG 3, then the eNB 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 eNB not need to retransmit CBG 2 and CBG 3 in the 2nd retransmission. 

Proposal 4: The same number of HARQ-ACK bits applies for initial and retransmission of CBG(s) for the same TB. 

Proposal 5: The UE should report all-NACK state when the UE discovers that the TB CRC is not passed. 

Proposal 6: 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. 

5 Conclusions
In this contribution we discussed the CBG-based HARQ-ACK feedback. According to the above discussions, we have the following proposals:
Proposal 1: TB-based feedback and CBG-based feedback could be configured in NR. 
· For CBG-based feedback, 1 bit HARQ-ACK feedback per CBG should be supported.
Proposal 2: HARQ-ACK multiplexing for multiple PDSCHs with multiple CBGs of one or more carriers should be supported.
Proposal 3: If HARQ-ACK multiplexing across more than 2 TBs from different PDSCHs and/or different carriers is applied, consider to keep the number of feedback bits between TBs.
Proposal 4: The same number of HARQ-ACK bits applies for initial and retransmission of CBG(s) for the same TB. 

Proposal 5: The UE should report all-NACK state when the UE discovers that the TB CRC is not passed. 

Proposal 6: 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. 
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