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1 Introduction

In RAN1#90bis meeting, it was agreed to support TB level HARQ-ACK feedback when the UE is configured with CBG retransmission and it receives PDSCH scheduled with fallback DCI:
Agreements:

· When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing

· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing

· Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback

This contribution discusses HARQ aspects related to the case where the UE is configured with CBG based HARQ. 
2 HARQ feedback design considerations
2.1 HARQ feedback type

In some scenarios, it can be useful to switch between CBG-based feedback and TB-based feedback. It was agreed during RAN1#90bis meeting, when a UE is configured with CBG based retransmission and for the PDSCH scheduled by PDCCH using DCI format 1_0, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing. However, regardless of if a UE is scheduled with fallback DCI, it makes sense to enable switching between CBG and TB level HARQ-ACK. A UE in cell edge conditions might be power limited and unable to provide CBG-based feedback with sufficient energy per bit, and therefore the gNB may switch to per-TB feedback. Also, if the number of CBGs involved in a retransmission is considerably lower than the initial transmission, and HARQ-ACK codebook is semi-static, the gNB might switch the feedback to per-TB in order to limit the interference on the PUCCH. Such a switch can be signalled to the UE via DCI.

Proposal 1: The UE is indicated whether to report TB level only, or CBG level feedback using bit field in the DCI.
A UE may be configured to report HARQ feedback applicable to multiple TBs assigned from multiple DCIs. This can occur in case of carrier aggregation, different HARQ-ACK timing or TDD operation. For the case where HARQ-ACK multiplexing is used, the number of feedback bits per DCI may depend on the DCI format (e.g. DCI format 1_0), or an indication in the DCI. Using a variable number of bits depending on whether the feedback is TB level or CBG level may cause feedback bit position ambiguity if a DCI is missed. Therefore, for HARQ-ACK multiplexing, it is best to use a fixed number of bits per HARQ feedback of a TB, regardless of whether TB level or CBG level feedback is expected. TB level feedback can be achieved by repeating the same value over all the configured feedback bits per cell.

Proposal 2: For the case of HARQ-ACK multiplexing, TB level HARQ-ACK is supported by repeating the same value over all configured number of feedback bits per cell.
2.2 Power setting of PUCCH carrying HARQ feedback 

When the UE is configured with CBG-based retransmission, the UE reports 
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 bits HARQ-ACK feedback per TB, where C is number of code blocks (CBs) in the transport block.  In case it receives DCI format 1_0 and HARQ-ACK multiplexing is applied, as proposed in Proposal 2, the UE transmits N HARQ bits. Since these bits have identical values and this is known by the network decoder, such transmission may be counted as a single information bit for the purpose of setting power of PUCCH. This maintains the benefit of using TB-based HARQ feedback in power limited cell-edge conditions, while keeping a semi-static HARQ feedback codebook size regardless of the feedback type. In other words, If the UE reports CBG-based feedback, the PUCCH power is 10.log(N) dB higher than the case where it was configured with CBG-HARQ but received a DCI to report TB-based feedback, even though the number of bits is the same.
Proposal 3: For determining power of PUCCH carrying HARQ feedback:
· N bits are counted for each TB of a DCI for which CBG-based feedback is indicated

· N bits are counted for each TB corresponding to a missing DCI (detected by DAI)

· 1 bit is counted for each TB of a DCI for which TB-based feedback is indicated

3 Conclusion

This contribution discusses support of TB-level feedback for a UE configured with CBG-based retransmission. The proposals are summarized below:
Proposal 1: The UE is indicated whether to report TB level only, or CBG level feedback using bit field in the DCI.
Proposal 2: For the case of HARQ-ACK multiplexing, TB level HARQ-ACK is supported by repeating the same value over all configured number of feedback bits per cell.
Proposal 3: For determining power of PUCCH carrying HARQ feedback:
· N bits are counted for each TB of a DCI for which CBG-based feedback is indicated

· N bits are counted for each TB corresponding to a missing DCI (detected by DAI)

· 1 bit is counted for each TB of a DCI for which TB-based feedback is indicated
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