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Discussion and decision
1 Introduction

For enhancement of scheduling and HARQ procedure in NR [1], CB-group (CBG) based retransmission was agreed in RAN1#88bis as below. 
	· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

· For grouping CB(s) into CBG(s), the following options can be considered.

· Option 1: With configured 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 configured number of CBGs

· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.

· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· FFS: for the case of re-transmission

· FFS on details of each option

· FFS: CBG is approximately aligned with symbol(s)

· Other options are not precluded


This contribution considers aspects on CBG construction in order to perform CBG-based retransmission in NR.
2 CBG Construction Alternatives 
To support CBG-based retransmission, one of the issues to be discussed is how to form CBG. 
Two approaches for CBG formation are as follows (and shown in Figure 1).

· Alt 1. Define CBG by grouping CBs after CB segmentation from a TB

· Alt 2. Divide a TB into one or more CBG first, then divide each CBG into one or more CBs 
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Figure 1: Alternatives for CBG formation
Between the two alternatives, Alt.1 was agreed in RAN1#88bis based on the following agreement.
	Agreement:

· For TB of size TBS > KCB,max – LTB,CRC, the TB is segmented into multiple CBs

· The CBs may be further grouped into code block groups (CBGs)

· It is not precluded that CBGs in a given TB may contain different numbers of CBs



The next step is how to set the number of CBGs and the number of CBs in a CBG. This is related to how to group CBs into a CBG. The following three options were identified in RAN1#88bis. 
	Agreements:
· For grouping CB(s) into CBG(s), the following options can be considered.

· Option 1: With configured 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 configured number of CBGs

· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.

· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· FFS: for the case of re-transmission

· FFS on details of each option

· FFS: CBG is approximately aligned with symbol(s)

· Other options are not precluded


To proceed with the analysis of the above options, the following parameters are defined.
· NCB : the number of CBs in a TB

· NCBG : the number of CBGs

· NCB-per-CBG : the number of CBs per CBG

· Nmax-CBG : the maximum number of CBGs which is configured

Option 1. With configured number of CBGs, the number of CBs in a CBG changes according to TBS.
· NCB < NCBG : FFS between the following two alternatives. Alt. 1 is to set NCB-per-CBG equal to 1 and consider NCB as the number of CBGs. Alt. 2 is to set NCB-per-CBG equal to 0 or 1.. For each alternative, the HARQ-ACK codebook can be dynamically or semi-statically determined. 
· NCB ≥NCBG : NCB-per-CBG increases as NCB increases.

Option 2. With configured number of CBs per CBG, the number of CBGs changes according to TBS.

This option varies according to whether the maximum number of CBGs is set or not. In follows, two alternatives for Option 2 are provided.

Option 2-1: Nmax-CBG is set to a UE.
· NCB < NCB-per-CBG×Nmax-CBG : NCBG is a non-decreasing function of NCB.

·  NCB ≥NCB-per-CBG×Nmax-CBG : Each CBG could have CBs more than NCB-per-CBG. That is, NCB-per-CBG increases as NCB increases.

Option 2-2. Nmax-CBG is NOT used.
· NCBG increases as NCB increases. Therefore, Nmax-CBG is determined according the max TBS.

Again, for each alternative, the HARQ-ACK codebook can be dynamically or semi-statically determined. In case of semi-static determination and without use of Nmax-CBG, CBG bundling can apply.

Option 3. The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· NCBG and NCB-per-CBG are determined according to TBS. 

Option 1 enables a gNB to control the maximum HARQ-ACK code-block size by controlling the number of CBGs per TB. Option 2 enables the gNB to control the number of CBs per CBG and therefore optimize the applicability of CBG retransmissions to the channel environment (interference characteristics, puncturing characteristics). Option 2 can require dynamic HARQ-ACK bundling that can avoided by Option 1. For Option 3 to not be same as Option 1 or Option 2, both the number of CBGs and the number CBs per CBG need to be defined according to TBS. The number of CBs can be determined from the TBS and the maximum CB size. The number of CBGs can be determined based on the number of HARQ-ACK bits the UE is configured/indicated to provide for the corresponding data TB. Then, option 3 becomes equivalent to option 1 where configuration of a number of CBGs is functionally equivalent to configuration of a number of HARQ-ACK bits for the TB. 
For Option 1 or Option 3, regarding the FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs, two alternatives can be considered. Alt. 1 is to set the number of CBs per CBG to 1 and consider the number of CBs as the number of CBGs. Alt. 2 is to set the number of CBs per CBG to 0 or 1.
Down-selection among the three options for the CBG formation is related to how a UE will provide HARQ-ACK feedback and the tradeoffs need to be jointly discussed in order to consider all potential aspects of a combined solution. HARQ-ACK feedback aspects are discussed in [2].

Proposal 1: Jointly consider the options for CBG formation and the HARQ-ACK feedback mechanisms in the design of CBG-based HARQ-ACK feedback.       
CBG construction for retransmission
The other issue related to CBG construction is how to define CBG in retransmission cases. An example with 8 CBs and 3 CBGs is shown in Figure 2. 
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Figure 2. Two approaches for CBG construction in retransmission

As shown in Figure 2, CBG 0 and CBG 1 have 3 CBs while CBG 2  has 2 CBs. Among the 8 CBs, it is assumed that the UE fails to decode CB 0. Then, only CBG 0 needs to be retransmitted, i.e., the first three CBs need to be retransmitted. There can be two alternatives for CBG grouping in retransmission. Alt 1 is to use the same CBG grouping as for the initial transmission as shown in (2-1) of Figure 2. With Alt 1, how the UE sends HARQ-ACK feedback needs further discussion in that the UE transmits 1 or 3 bits for HARQ-ACK feedback corresponding to the retransmission. Alt 2 is to use new CBG grouping as shown in (2-2) of Figure 2. Alt. 2 results to a smaller number of CBs per CBG than for the initial transmission and this can complicate overall operation as the number of CBGs requiring retransmissions can vary and can unnecessarily increase HARQ-ACK overhead without material benefits as the CBG granularity (number of CBs per CBG) can become too small. 
Alt 2 may not work if HARQ-ACK detection becomes wrong at the gNB side, since the gNB and the UE are not aligned that which initial CBG(s) are being retransmitted and re-group as new CBGs. Also, if reduced length for the DL data channel is used for retransmission, there is no benefit for Alt 2. 
Proposal 2:  Use Alt 1 for CBG grouping in retransmission, i.e., same CBG grouping.
3 Conclusions
In this contribution, CBG grouping for CBG-based retransmission was discussed. It can be summarized as below.
Proposal 1: Jointly consider the options for CBG formation and the HARQ-ACK feedback mechanisms in the design of CBG-based HARQ-ACK feedback.
Proposal 2:  Use Alt 1 for CBG grouping in retransmission, i.e., same CBG grouping.
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