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Introduction
CBG-based operation is currently being specified in NR Release 15. Uplink control signaling is a key enabler of CBG-based DL HARQ operation. At the RAN1 #NR_AH2 meeting the following details were agreed
Working assumption:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
Agreements:
· For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block.

To make further progress, an email discussion [1] was conducted after the RAN1 #NR_AH2 meeting to capture the main issues for downlink and uplink control signaling with a view to down-selection in this meeting, which are listed below for convenience,
· For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90. 
· Option 1. RRC signaling (for bit-field size)
· Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size) 
· Option 3. both Option 1 and Option 2 
· To determine the number of CBG HARQ-ACK bits per TB, the following options are considered for down-selection in RAN1#90.
· Option 1. A UE transmits HARQ-ACK bits only for scheduled CBGs.
· “scheduled CBGs” means the CBGs scheduled in a (re)transmission
· Option 2. A UE transmits HARQ-ACK bits for indicated CBGs.
· FFS: “indicated” is realized by RRC, MAC, L1 signalling
· Option 3. both Option 1 and Option 2 by configuration
· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.
· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted 
· Option 2. There is separate 1-bit bit-field for TB-level NDI.
· When CBG-based retransmission is configured, TB-level HARQ-A/N is supported and at least following options can be considered for down-selection in RAN1#90. 
· Option 1. Add 1 bit upon CBG-level HARQ-ACK bits 
· Option 2. Use all NACK of CBG-level HARQ-ACK bits
· Option 3. Use different PUCCH format or PUCCH resource
· For HARQ-ACK codebook for CBG-based retransmission, the following options are considered for down-selection in RAN1#90.
· Option 1. Dynamic codebook determination for multiple PDSCHs
· Option 2. Semi-static codebook determination for multiple PDSCHs
· Option 3. both Option 1 and Option 2 by configuration

This contribution discusses details of the HARQ-ACK feedback scheme for CBG-based DL HARQ operation. 
Discussion
A first aspect is the HARQ-ACK codebook size for CBG-based DL HARQ operation. As discussed in our companion contribution [2] the maximum number of CBGs in a given HARQ transmission should be configured by RRC signaling. Given that a maximum of M CBGs can be indicated in a given transmission, at most M HARQ-ACK bits can be generated for HARQ-ACK feedback. The UE generates an ACK for a CBG if CRC checksum passes for all CBs contained in the CBG. Otherwise, the UE generates a NACK for the CBG. Both semi-static and dynamic codebook adaptation can be considered for CBG-based HARQ-AK feedback. 
Per the RAN1 coding agreement, if the total HARQ-ACK payload is between 3 and 11 bits the UE encodes the HARQ-ACK payload using RM coding. Note that this is a likely scenario given that for up to 4 layers a UE is scheduled with only 1 codeword. Thus, a maximum of 11 CBGs can be configured for CBG-based operation with RM coding. Since for RM coding there are no CRC bits, the DCI scheduling a DL assignment should explicitly indicate what subset of CBGs is contained in the HARQ transmission. For a given HARQ (re)transmission containing at least one NACK, there are three feedback scenarios for which UE behavior can be addressed.
1. Case 1: for an initial transmission of a TB, a NACK is generated for a CBG where the CRC checksum fails for at least one of the constituent CBs. Otherwise an ACK is generated for the CBG. 
2. Case 2: for a HARQ retransmission, a NACK is generated for at least some of the CBGs that were negatively acknowledged in a previous HARQ transmission of the same TB. In this case, an ACK is generated for all other CBGs positively acknowledged in this transmission, or in a previous transmission of the same TB.
3. Case 3: for a given HARQ (re)transmission of a TB, the CRC checksum passes (or has previously passed) for all CBs contained in the TB but the TB-level CRC checksum fails. 
Based on Case 3 a mechanism should be provided whereby the UE can indicate TB-level NAK to the gNB. A simple solution is that the UE transmits a NACK for each CBG to request a retransmission of the entire TB even when some CBGs were successful. A different solution is to support an additional TB-level HARQ-ACK bit. At least for semi-static codebook adaptation, the HARQ-ACK codebook size should be equal to the number of CBGs contained in the TB and this is also sufficient to indicate TB-level HARQ-ACK. 
Proposal: As baseline the number of HARQ-ACK bits is equal to the number of CBGs contained in the TB.
There are other likely scenarios with significantly larger total HARQ-ACK payload size in a given feedback occasion such as when a UE is scheduled to transmit HARQ-ACK feedback for multiple spatial codewords and/or multiple PDSCHs. RAN1 has agreed to employ polar coding when the total HARQ-ACK payload size is greater than 11 bits. Here, dynamic codebook adaptation may be more appropriate to match the HARQ-ACK payload to what needs to be fed back. 
Proposal: Consider dynamic codebook adaptation for large HARQ-ACK payloads and CBG-based operation.
For dynamic codebook adaptation an issue may arise for Case 3 described above, where for a given HARQ retransmission of a TB, the CRC checksum passes for all CBs of a TB but the TB-level CRC checksum fails. In this case it should be possible for a UE to request a retransmission of the entire TB.
Proposal: For dynamic codebook adaptation it should be possible for a UE to request a retransmission of the entire TB if CRC checksum passes for all CBs of the TB but the TB-level CRC checksum fails.
Conclusion
This contribution described uplink control signaling mechanisms for supporting CBG-based DL HARQ operation. Based on the discussion in this paper we have the following proposals 
· As baseline the number of HARQ-ACK bits is equal to the number of CBGs contained in the TB.
· Consider dynamic codebook adaptation for large HARQ-ACK payloads and CBG-based operation.
· For dynamic codebook adaptation it should be possible for a UE to request a retransmission of the entire TB if CRC checksum passes for all CBs of the TB but the TB-level CRC checksum fails.

References
[1]. [bookmark: _Ref490038997][bookmark: _Ref473632999][bookmark: _Ref477464042][bookmark: _Ref485198378][bookmark: _Ref490246008]RAN1 Email No. NRAH2-08, “Summary of Email discussion on Down-selection of CBG-based (re)transmission”, Samsung
[2]. [bookmark: _Ref490246064]R1-1712416, “DL control signaling design for CBG-based operation”, CATT, RAN1 #90
