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1. Introduction
One of the key changes in the physical layer processing procedures in 5G NR systems is the support of CBG-based (re)transmission, which impacts both the DCI format and the HARQ mechanism. In the last RAN1 meeting, relatively little consensus was achieved during the online session. Further agreements, however, have been reached during the email discussion. Pertinent agreements are listed below for quick reference [1]. 
Agreements:

· In single CW configuration, the maximum configurable number of CBGs per TB is 8

· The possible max number of CBGs per TB is 2, 4, 6, 8

· In multiple CW configuration, the maximum configurable number of CBGs per TB is 4
· In multiple CW configuration, the configured maximum number of CBGs per TB is the same between TBs 
Agreements:

· For the case when the semi-static HARQ-ACK codebook with HARQ-ACK multiplexing which includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used,
· NACK is reported for all the CBGs if TB CRC check is not passed while CB CRC check is passed for all the CBs
· NACK is mapped for the empty CBG index if the number of CBs for a TB is smaller than the configured maximum number of CBGs
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
Agreements reached during the email discussion are:
Agreements:
· In case configured with CBG based retransmission, CBGTI, CBGFI, and NDI are separately indicated in the same DCI.

· In case with CBG based retransmission and multiple CW configuration, single CBGFI is indicated in DCI and commonly applied for both two TBs.

· Discuss further on the detailed DCI composition for CBG based retransmission such as reinterpretation of MCS/TBS field to CBGTI.

· Discuss further on the detailed HARQ-ACK feedback with CBG in terms of TB level HARQ-ACK, HARQ-ACK bundling, HARQ-ACK composition, with consideration of overall HARQ-ACK codebook design.

· Compressed CBG level HARQ-ACK feedback scheme except for HARQ-ACK bundling is not supported in Rel-15.

· No additional CB grouping method is introduced in Rel-15. 

Based on the agreements, we discuss the remaining details regarding the CBG-based (re)transmission in this contribution.
2. Discussions
It has been agreed that the field CBGTI (CBG transmission information) and CBGFI (CBG flush indication) are included and indicated in the same DCI when CBG-based (re)transmission has been configured; the number of bits for CBGTI is equal to the number of CBGs configured by RRC. In the case of DL, CBGTI informs the UE regarding which CBG(s) is/are retransmitted; in the case of UL, CBGTI indicates the decoding result of the UL data to the UE. Whether certain existing fields in DCI can be reinterpreted or jointly encoded to signal CBGTI has been brought up for discussion for the past few meetings, as the information conveyed by the fields NDI, MCS/TBS are partly or already known by the UE during retransmission. To avoid potential confusion and increase reliability, it has been agreed that NDI is separately indicated in the same DCI. It is still left FFS that whether MCS/TBS can be re-interpreted/jointly encoded to CBGTI. From the past experience, it is already clear that keeping the DCI size fixed during transmission/retransmission and even DL assignment/UL grant is beneficial. The CBGTI field therefore will always be present in every DCI when performing CBG-based retransmissions. In addition, considering the tight time budget for completing Rel-15, there are compromises made for not introducing or delaying some advanced features in Rel-15. The maximum number of CBGs supported could very well be increased in future releases. It would then introduce extra difficulties for future extension if the MCS/TBS field is jointly encoded with CBGTI at this stage. Accordingly, we have the following proposal:
Proposal 1: Refrain from re-interpreting MCS/TBS field to CBGTI for CBG-based retransmission.
For the configuration of CBGs, it has been agreed that the possible max number of CBGs per TB is 2, 4, 6, 8, and the maximum configurable number of CBGs per TB is 4 in the case of multiple CW configuration. The exact maximum number of CBGs that can be configured in the case of multiple CW still needs to be clarified. Based on the current agreements, the set of maximum number per TB for multiple CW could either be {2, 4} or {1, 2, 3, 4}. Both satisfy the constraint of the agreed maximum number. As we do not see any problems with agreeing {1, 2, 3, 4}, and it allows a higher degree of flexibility and thus resource efficiency, it is proposed to have it listed as an explicit agreement. 
Proposal 2: In multiple CW configuration, the possible max number of CBGs per TB is 1, 2, 3, 4.
Another issue that is left for further study is whether the TB-based HARQ-ACK feedback for fallback DCI also applies to the case of HARQ-ACK multiplexing. A similar scheme arises before during the discussion of HARQ-ACK multiplexing in the case of multiple CWs. When at least one cell is configured with a transmission mode supporting two transport block and spatial bundling is not used, the UE replies NACK for any other cell that is scheduled with only one transport block. Such a compromise has to be made to avoid misunderstanding between the total number of HARQ-ACK bits expected by the eNB, and actually transmitted by the UE. The same principle should be applied in the case of CBG-based (re)transmission with fallback DCI; as the UE missing one PDCCH which could either schedule a CBG-based transmission or a fallback DCI, the most reliable approach is for the UE to report all NACKs. We thus suggest that
Proposal 3: When UE is configured with CBG-based retransmission and HARQ-ACK multiplexing, for the PDSCH scheduled by PDCCH using fallback DCI, CBG-level HARQ-ACK feedback is used.
3. Conclusions
In this contribution, we have discussed the remaining issues for CBG-based (re)transmission scheme for NR. We have the following proposals:
Proposal 1: Refrain from re-interpreting MCS/TBS field to CBGTI for CBG-based retransmission.
Proposal 2: In multiple CW configuration, the possible max number of CBGs per TB is 1, 2, 3, 4.

Proposal 3: When UE is configured with CBG-based retransmission and HARQ-ACK multiplexing, for the PDSCH scheduled by PDCCH using fallback DCI, CBG-level HARQ-ACK feedback is used.
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