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1 Introduction

In RAN1#AH3_NR, the following agreements on HARQ feedback on CBG level have been made [1]:
Agreements:
· For a UE configured with CBG-based (re)transmission, the same DCI payload size is assumed for initial transmission and retransmission for the same TB(s)
· Note that this does not intend to address fallback DCI aspect
· L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15
In this contribution, we have discussed open issues on CBG-based (re-)transmission.

2 DL control signaling for CBG 

For CBG-based retransmission, the DCI may include CBG specific signaling as the Code Block Group Transmission Indicator (CBGTI) and Code Block Group Flushing Indicator (CBGFI). In recent discussions, the following four modes have been discussed.
Mode 1: A DCI does NOT include either CBGTI or CBGFI.
-The gNB retransmits CBGs according to UE’s HARQ-ACK feedback.
Mode 2: A DCI only includes CBGTI.
-CBGTI informs which CBG(s) is/are (re)transmitted.
Mode 3: A DCI only includes CBGFI.
-The gNB retransmits CBGs according to UE’s HARQ-ACK feedback.
-CBGFI informs which CBG(s) can be handled differently for soft-buffer/HARQ combining
Mode 4: A DCI includes both CBGTI and CBGFI.
-CBGTI informs which CBG(s) is/are (re)transmitted and which CBG(s) can be handled differently for soft-buffer/HARQ combining.

Whereas the option of neither using both provides the lowest DCI payload (Mode 1), it can result in a (communication mismatch) misunderstanding between the gNB and UE. The HARQ-ACK feedback of the UE can flip at the gNB side (NACK-to-ACK or ACK-to-NACK) thus causing the gNB to either (re-)transmit much more or much less CBGs than expected by the UE. The UE is not capable of identifying which CBGs have been retransmitted without the CBGTI. Hence, the CBGTI field in DCI can ensure alignment between the UE and gNB. In addition, CRC protected HARQ-ACK feedback could also achieve sufficient reliability [2]. However on the other hand, it increases the HARQ-ACK feedback payload.
Proposal 1: For CBG-based (re-)transmissions, the DCI includes a CBGTI field with one bit indicating the presence of each CBG.
2.1 Signaling of NDI and CBGFI in the DCI

The CBGFI ensures that the UE flushes its soft-buffer if, for example, preemption occurred during the transmission and parts of it are not soft-combinable with the retransmission. In this case, the gNB sets the CBGFI in the retransmission to ensure that the UE is aware of the preemption. This coincides mainly with the functionality of NDI in LTE. If all CBGTIs are ‘set’, NDI indicates either an initial transmission of a TB or a retransmission of the whole TB which is soft-combinable with the first one. However, a problem arises if the NDI is set as an absolute value when the UE misses the initial transmission. This would result in interpreting the retransmission of the current TB as a falsely sent retransmission of the previous TB. This issue could be addressed by toggling the NDI as in LTE instead of sending an absolute value. For the case that not all CBGTIs are ‘set’, the NDI can be reinterpreted as CBGFI.
Proposal 2: A single bit is sufficient in DCI for NDI/CBGFI functionality. Hence, adopt a combined NDI/CBGFI field in DCI.

3 Handling of TB CRC check fail case 

In some cases, the TB CRC check may fail although all CB CRC checks have passed for a certain transmission. This is due to a possible false positive case of at least one of the CB CRCs which provides a positive result despite the failed transmission. For the UE, it is not possible to identify the corrupted CB thus it is required to perform a retransmission of the whole TB. In this case, the following three methods for UE behavior have been proposed:
· Alt 1: NACK is reported for all the CBGs
· Alt 2: Different PUCCH format/resource is used
· Alt 3: 1-bit TB-level A/N in addition to multi-bit CBG-level A/N
For the gNB, it is not of importance to distinguish between the TB CRC check fail case and the actual all-NACK case since both will result in a complete retransmission of the whole TB. Thus, Alternative 1 to transmit the all-NACK state as HARQ feedback, would be the straightforward solution.
However, Alternative 2 involves using a different PUCCH format on the same resources to transmit a one bit TB-level NACK and can therefore reduce the HARQ payload and increase the multiplexing capabilities. This solution is also strictly coupled to the question on whether TB-level ACK/NACK feedback is supported dynamically, which is discussed in the next section. 
Alternative 3 allows the gNB to distinguish between the TB CRC check fail case and the all-CBGs-corrupted state. But since gNB behavior is the same in both situations introducing an extra bit payload does not seem to be reasonable.
Proposal 3: Use the all-NACK state to indicate TB CRC check fail case if dynamic switching to TB-level A/N is not allowed.
Proposal 4: If dynamic switching to TB-level A/N is allowed, use the 1-2 bits PUCCH format to transmit a TB-level NACK.

3 HARQ feedback for CBG-based (re-)transmission

3.1 Support of TB-level A/N feedback
The support of TB-level A/N feedback has been discussed for certain cases and is listed as follows:
· Alt 1: For the case if all HARQ-ACKs corresponding to all CBGs are ACK or NACK
· Alt 2: For the case if PDSCH is scheduled by PDCCH via common search space or PDCCH by fallback DCI format
· Alt 3: For the case if TB level A/N feedback is explicitly indicated by gNB

Considering a BLER of approx. 10% it does not seem reasonable to transmit full CBG feedback since 90% of the transmissions succeed statistically. In this case, the HARQ payload could be reduced significantly by sending a one bit ACK (alternative 1). The same applies to the case that all CBGs are corrupted, as well as the case that the TB-level CRC fails while all CB-level CRCs pass. In this case the UE could transmit a single bit NACK to initiate a retransmission of the whole TB, e.g. using the 1-2 bits PUCCH format. This enables more users to be multiplexed using the same PUCCH resources [3].
Alt 2 and Alt 3 do not allow for dynamic switching to TB-level HARQ feedback. Therefore, they cannot be employed for the cases described in the previous part.
Proposal 5: Allow dynamic switching between TB-level and CBG-level A/N feedback.
Proposal 6: Send an ACK or NACK corresponding to all CBGs, which are ACK or NACK.

3.2 Implicit ACK retransmission based on PI
Since the decoding failure of a CB in many cases is due to puncturing from URLLC traffic, the disturbance source can be identified afterwards by gNBs (on the next transmission). Nevertheless, there will be a statistical probability that the decoding of a CB fails although there is no influence of URLLC traffic but this probability can be much smaller than the probability that the decoding of an affected CB fails.
The gNB can provide this information by means of a pre-emption indication (PI) to affected UEs. This enables a reduced HARQ feedback scheme, which reduces the UL HARQ-ACK feedback and guarantees a fixed payload length. 
Figure 1 shows a 1-bit HARQ feedback scheme with CBG-based retransmission. The UE receives a PI from the gNB after initial transmission indicating that CBG1 or CBG3 has been punctured. Irrespective of the UE HARQ-feedback, CBG1 and CBG3 will be retransmitted by the gNB. By transmitting an ACK, the UE signals that it was able to decode the CBG2. By transmitting a NACK, the UE indicates that it could not decode CBG2 and the whole TB is retransmitted. This scheme is discussed more in detail in [4].
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Proposal 7: Adopt reduced HARQ feedback based on pre-emption indication.

4 Conclusion
In this contribution, we discussed open issues for CBG-based (re-)transmission. The following summarizes our proposals:
Proposal 1: For CBG-based (re-)transmissions, the DCI includes a CBGTI field with one bit indicating the presence of each CBG.
Proposal 2: A single bit is sufficient in DCI for NDI/CBGFI functionality. Hence, adopt a combined NDI/CBGFI field in DCI.
Proposal 3: Use the all-NACK state to indicate TB CRC check fail case if dynamic switching to TB-level A/N is not allowed.
Proposal 4: If dynamic switching to TB-level A/N is allowed, use the 1-2 bits PUCCH format to transmit a TB-level NACK.
Proposal 5: Allow dynamic switching between TB-level and CBG-level A/N feedback.
Proposal 6: Send an ACK or NACK corresponding to all CBGs are ACK or NACK.
Proposal 7: Adopt reduced HARQ feedback based on pre-emption indication.
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