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Introduction
In RAN1#89, the following agreements on code-block group (CBG) formation were reached [2]:
Agreements:
· For grouping CB(s) into CBG(s), following is adopted.
· With indicated number of CBGs, the number of CBs in a CBG changes according to TBS.
· FFS for the case of re-transmission or the case when the number of CBs is smaller than the indicated number of CBG 
· FFS “indicated” is realized by RRC, MAC, L1 signalling
Agreements:
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.
· The difference of CB number per CBG between any two CBGs is either 0 or 1.
· FFS on the detailed rule for the CB grouping.
· Study further benefit and realization of non-uniform CB distribution across CBGs.
In NR RAN1 ad hoc # 2, the following working assumption and agreement were reached [1]:
Working assumption:
· [bookmark: _Hlk489275837]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.
The email discussion after NR RAN1 ad hoc # 2 concluded with the following remaining options for CBG designs:
· 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
Note: Option1 and Option2 are the basis for the scheme to determine the number of feedback bits. Overhead reduction schemes can be considered. The number of actually used feedback bits can be different from the number of scheduled CBGs (Option1) or indicated CBGs (Option2). 
· 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.
· Option 3. TB-level NDI can be differently interpreted according to whether all CBGs of a TB is transmitted.
· 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
In this contribution, we discuss the code block group formation designs.
[bookmark: _Ref178064866]Discussion
Since the CBG size is semi-statically configured, the group size is applicable to all transmissions of the specific PDSCH or PUSCH link. For any given transmission, the actual number of CBs are determined by the allocated radio resources, the number of MIMO layers and the modulation and code rate (MCS). These CBs should be organized into the configured number of CBGs based on a fixed rule such that the transmitter and receiver can correctly exchange HARQ-ACK for the CBGs. The number of CBs per CBG should be as uniform as possible and consequently the difference of CB number per CBG between any two CBGs is either 0 or 1 For example, if a UE is configured with 3 CBGs and the PDSCH contains 8 CBs, then the fixed rule can organize the 3 CBGs as CBG#0=(CB#0, CB#1, CB#2), CBG#1= (CB#3, CB#4, CB#5) and CBG#2=(CB#6, CB#7). This can be achieved using the following pseudo code which functions similarly as the procedure to divide a TB into CBs of two lengths in LTE:
[bookmark: _Hlk484606818]Input
:	number of CBs
:	number of CBGs
Output
Determine 
The first  CBGs contain  CBs each, where .
The next  CBGs contain  CBs each, where .
Note the above pseudo code handles the case where  correctly. For that case,  and  CBGs have 1 CB each.

Proposal 1 The CBs of a PDSCH or PUSCH transmission are grouped into the configured number of CBGs based on a rule described in the L1 specs. 

For different use scenarios or application cases, it should be up to gNB to decide the optimal code block group size to operate. Making fixed rules/tables to determine the number of CBGs and/or the number CBs per CBG according to TBS will not address operation targets. 

Proposal 2 There should be no fixed rules/tables to determine the number of CBGs and/or the number CBs per CBG according to TBS. It should be up to gNB to decide the optimal code block group size to operate.

Furthermore, the CB groups is fixed once formed. This is because CBG HARQ-ACK feedback length should remain unchanged across multiple HARQ-ACK feedback occasions to avoid error cases and to address LDPC decoding throughput issues in retransmissions [3][4]. This is because there is a possibility that the receiver may find the TB level CRC fails after all code blocks are decoded and passed CB level CRC. To handle such cases, the receiver should be allowed to NACK all CB groups in a HARQ-ACK feedback even when some of the CB groups had been previously ACKed. More importantly, the CBG HARQ protocol should be designed to address LDPC decoding throughput issues in retransmissions. A receiver may send a CBG HARQ-ACK feedback that indicates NAK on a subset of the CB groups that failed decoding if it expects it will not be able to finish decoding retransmission of the full failed CB groups. Alternatively, the gNB may consider the decoding capability of the UE receiver and decide to retransmit only a subset of the CB groups that were NACKed by the UE.

Proposal 3 The CB groups remain fixed after formation (including retransmissions). The following working assumption is confirmed:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
Proposal 4 For the indicated number of CBGs per TB where "indicated" is realized by RRC, MAC, L1 signalling, the following is supported for NR: 
· Option 1. RRC signaling (for bit-field size)
Conclusion
We discussed the code block group formation designs. We propose
Proposal 1 The CBs of a PDSCH or PUSCH transmission are grouped into the configured number of CBGs based on a rule described in the L1 specs. 
Input
:	number of CBs
:	number of CBGs
Output
Determine 
The first  CBGs contain  CBs each, where .
The next  CBGs contain  CBs each, where .
Proposal 2 There should be no fixed rules/tables to determine the number of CBGs and/or the number CBs per CBG according to TBS. It should be up to gNB to decide the optimal code block group size to operate.
Proposal 3 The CB groups remain fixed after formation (including retransmissions). The following working assumption is confirmed:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
Proposal 4 For the indicated number of CBGs per TB where "indicated" is realized by RRC, MAC, L1 signalling, the following is supported for NR: 
· Option 1: RRC signaling (for bit-field size)
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