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Introduction
In RAN1 #88, enhancements to HARQ feedback were discussed and a working assumption partly motivated by the presence of short-duration interferences was agreed [1]:
Working assumption:
· 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

In this contribution, we discuss potential protocol impacts to support CBG based HARQ-ACK procedures.
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Layer 1 protocol and procedures
CBG based HARQ-ACK for PUSCH
For a UE configured with CBG based HARQ-ACK feedback for the PUSCH, the UE can expect the gNB to include a bitmap of the HARQ-ACK for the CBGs in the retransmission grant DCI as well as the requested redundancy version. Each of the bits in the bitmap indicates the ACK/NACK status of the CBGs. The UE shall retransmit the requested redundancy version of the CBGs indicated as NACKs in the bitmap. The CBG HARQ-ACK bitmap is not needed in the initial grant DCI. To ensure the grant DCIs for the initial transmission and retransmissions are of the same length, it should be studied further whether to pad the initial transmission DCI.

Proposal 1 A bitmap of the HARQ-ACK for all CBGs is included in the PUSCH retransmission grant DCI. 
· The UE shall retransmit the requested redundancy version of the CBGs indicated as NACKs in the bitmap.
· Study further whether the initial grant DCI is padded to have the same length as a retransmission grant DCI.

CBG based HARQ-ACK for PDSCH
With CBG based HARQ-ACK feedback configured for the PDSCH, the UE will prepare a bitmap of the HARQ-ACK for each of the CB groups after receiving the data transmission. This multi-bit CBG HARQ-ACK bitmap UCI is to be transmitted on a PUCCH or to be multiplexed with PUSCH transmission if supported in NR.

Proposal 2 For a UE configured with CBG based HARQ-ACK for the PDSCH, the UE prepares a UCI in the form of a HARQ-ACK bitmap of all the CBGs.

For the PDSCH retransmissions, the gNB sends a redundancy version of the CBGs indicated as NACKs in the bitmap feedback from the UE. Unlike the PUSCH case, there are two options for the PDSCH retransmission DCI design.
· Option 1: Since the gNB retransmits exactly those CBGs indicated as NACK in the received UCI, the PDSCH retransmission DCI does not need to contain a bitmap to indicate what CBGs are being retransmitted. This has the advantage of requiring shorter DCI and removes the question of whether the initial DCI and the retransmission DCI should be made to be of identical length. Error cases can happen when some of the CBG HARQ-ACK bits are received incorrectly. Similar to the similar error cases in LTE, the gNB can resort to higher layer retransmissions.
· Option 2: A bitmap to indicate which CBGs are being retransmitted can be included in the retransmission DCI to avoid the error cases in option 1. This however comes at the cost of increase DCI sizes and creates the question of ensuring same DCI size for initial and retransmissions.

Proposal 3 For a UE configured with CBG based HARQ-ACK for the PDSCH, the gNB retransmits a redundancy version of the CBGs indicated as NACKs in the bitmap feedback from the UE.
· Study further whether a bitmap to indicate which CBGs are being retransmitted in the PDSCH is included in the retransmission DCI.

Impact on layer 2 protocol and procedures
During the design of the LTE MAC protocols, it was observed that standardizing multiple MAC entities for different services or use cases as in HSPA is not a sustainable approach. It was agreed to adopt a single MAC design for LTE. The principle was followed such that the LTE HARQ for FDD and TDD is essentially transparent to MAC layer.
While HARQ protocol belongs to the MAC layer nominally, there are many existing aspects of the HARQ protocol that are purely physical operations and not visible to the MAC layer. For instance, MAC layer operates on transport blocks but actual encoding/decoding operates on the code blocks. The definition of different redundancy versions is completely contained in the physical layer. CRC is never mentioned in 36.321. It is in fact advantageous to abstract higher level of operation modus in the MAC layer while leaving enough flexibility in the lower layer to allow PHY optimization. 
The CBG based HARQ-ACK feedback is a PHY layer optimization designed for specific scenarios and applications [2]. What differs from TB level HARQ-ACK feedback protocol concerns the PHY layers only: the HARQ-ACK feedback contains more bits and different coded bits are selected for retransmissions. Otherwise, all other aspects of the HARQ operations remain identical to the higher layers. Therefore, it is our views that the MAC layer protocol should not be impacted by the CBG based HARQ-ACK. This can be achieved by summarizing the status of the transport block at the PHY layer for the MAC layer. That is, the PHY layer always exchanges with the MAC layer based on a single HARQ-ACK bit per transport block. This allows the same MAC layer protocol to apply regardless of whether CBG based HARQ-ACK feedback is configured or not.

Proposal 4 The multi-bit HARQ feedback and CBG-based retransmission scheme are transparent to the MAC layer. The PHY layer always exchanges with the MAC layer based on a single HARQ-ACK bit per transport block regardless of the CBG based HARQ-ACK feedback configurations.

Conclusion
We analyze the impact of CBG based HARQ-ACK feedback on the L1 and L2 protocols and arrived at the following proposals:
Proposal 1 A bitmap of the HARQ-ACK for all CBGs is included in the PUSCH retransmission grant DCI. 
· The UE shall retransmit the requested redundancy version of the CBGs indicated as NACKs in the bitmap.
· Study further whether the initial grant DCI is padded to have the same length as a retransmission grant DCI.

Proposal 2 For a UE configured with CBG based HARQ-ACK for the PDSCH, the UE prepares a UCI in the form of a HARQ-ACK bitmap of all the CBGs.

Proposal 3 For a UE configured with CBG based HARQ-ACK for the PDSCH, the gNB retransmits a redundancy version of the CBGs indicated as NACKs in the bitmap feedback from the UE.
· Study further whether a bitmap to indicate which CBGs are being retransmitted in the PDSCH is included in the retransmission DCI.

Proposal 4 The multi-bit HARQ feedback and CBG-based retransmission scheme are transparent to the MAC layer. The PHY layer always exchanges with the MAC layer based on a single HARQ-ACK bit per transport block regardless of the CBG based HARQ-ACK feedback configurations.
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