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1. Introduction
At the RAN1#88bis meeting, following agreements were achieved:
	Agreements:
· Confirm the working assumption as below.
· 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

Agreements:
· 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.

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



In this contribution, we present our views on CBG-based (re-)transmission. Signalling aspects for CBG-based (re-)transmission is discussed in [2]. The relationship among CBG-based (re-)transmission, pre-emption indication, and subsequent re-transmission, is discussed in [3].

2. CBG construction
For LTE, transport block (TB) size is determined based on MCS index, number of layers, and number of PRBs. Besides, in case of shorter transmission duration, depending on how many OFDM symbols the data spans, the TB size is scaled. When the TB size is larger than a certain value, code-block (CB) segmentation is carried out. For NR, similar/same CB segmentation is expected to be applied, so that decoder can work for CB with a reasonable length.
At the RAN1#88bis meeting, three options were identified. Among them, option 3 has no configurability on CBG granularity and hence, our understanding is that the possible option is option 1 or option 2. Below, CBG constructions based on option 1 and option 2 are discussed.

Option 1: (maximum) number of CBG(s) per transmission is configured by higher layer
For initial transmission, the number of CB(s) is determined based on the scheduled TB size. For re-transmission, the number of CB(s) is determined based on the re-transmitted CBG(s) in the transmission. With option 1, as long as the number of CB(s) per transmission is equal to or higher than the number of CBG(s) configured by higher-layer, the number of CBG(s) is equal to the configured value. As for mapping between CB and CBG, it is preferable to have a rule such that the difference(s) in the number of CB(s) among CBG(s) is minimized. Besides, considering that it is preferable to map CB(s) to physical resources in frequency/space first manner, neighboring CBs should be grouped into the same CBG, which enables UE to generate the HARQ-ACK bit for the CBG without delay. Figure 1 illustrates an example of CB to CBG mapping when the number of CBs is higher than the number of CBGs.
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Fig. 1	CBG construction with option 1 when the number of CBs is equal to or larger than the number of CBGs.



When the number of CB(s) per transmission is less than the number of CBG(s), it is not possible to construct the number of CBG(s) configured by higher layer. In this case, the number of CBG(s) should be adapted according to the number of CB(s) per transmission.
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Fig. 2	CBG construction with option 1 when the number of CBs is equal to or larger than the number of CBGs.



For re-transmission, the number of CBs is reduced compared to initial transmission since NACKed CBG(s) only is/are re-transmitted. As long as the number of CBs per transmission is equal to or higher than the number of CBGs configured by higher layer, the number of CBGs is constant. However, when the number of CBs per transmission becomes less than the configured value, the number of CBGs becomes smaller.

Option 2: (maximum) number of CB(s) per CBG is configured by higher layer
With this option, as long as the number of CB(s) per transmission is equal to or less than the configured value, the number of CBG(s) per transmission is equal to 1; otherwise, the number of CBG(s) per transmission varies according to the number of CB(s) per transmission. Figure 3 shows an example of mapping between CB(s) and CBG(s). Depending on the relationship between the number of CB(s) per transmission and the number of CB(s) per CBG configured by higher-layer, simple mapping may result in unbalanced number of CB(s) across CBGs. Additional rule for balancing the number of CB(s) across CBGs can be considered.
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Fig. 3	CBG construction with option 2 when the number of CBs is equal to or larger than that of CBs per CBG.



When the number of CBs per transmission is less than the number of CBs per CBG configured by higher layer, the number of CBGs per transmission is 1.
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Fig. 4		CBG construction with option 2 when the number of CBs is smaller than that of CBs per CBG.



Figure 5 shows the number of CBG(s) per transmission as a function of the number of CB(s) per transmission. Figure 6 shows the maximum number of CB(s) across CBG(s) per transmission. Higher-layer configuration on the maximum number of CBG(s) per transmission for option 1, and that on the maximum number of CB(s) per CBG for option 2 are parameters.
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Fig. 5		Number of CBG(s) per transmission.
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Fig. 6		Number of CB(s) per CBG.



In order to determine the actual CBG construction, we consider following three aspects should be taken into account:
· Re-transmission granularity
· It is necessary to adjust the number of CBs per (re-)transmission according to the decoding results.
· The motivation of CBG-based (re-)transmission is to reduce unnecessary re-transmission.
· HARQ-ACK feedback
· It is desirable to adjust the HARQ-ACK payload depending on the number of re-transmitted CBG(s).
· HARQ-ACK feedback is per CBG, which increases the payload by default.
· DCI for CBG-based (re-)transmission
· It is desirable to inform which CBG(s) is/are re-transmitted in the scheduling DCI.
· Common understanding on which CBG(s) is/are re-transmitted can be kept even with UCI error.
· This requires overhead increase on DCI or implicit rule(s) on DCI transmission.

With the option 1, DCI overhead increase can be suppressed by configuring the number of CBGs per transmission to be relatively small. When the number of CBs per transmission is small (which is typical for CBG-based re-transmission), smaller number of CB(s) belong to each CBG(s). This is beneficial to keep finer re-transmission granularity for further re-transmission, while the HARQ-ACK feedback payload cannot be adjusted well. 
With the option 2, if the number of CBs per CBG is set to a small value, the DCI overhead increase is substantial. In order to save the DCI overhead increase, the number of CBs per CBG should be set relatively large. However, with this, when the number of CBs per transmission is small (which is typical for CBG-based re-transmission), all CBs are likely to be grouped into one CBG. This is beneficial to reduce HARQ-ACK feedback payload, while if further re-transmission is necessary, finer re-transmission granularity is not available.
Comparing the pros and the cons, our slight preference is option 1. It can semi-statically and easily control the necessary overhead increases in DCI and UCI. 

Proposal 1:
· CBG is constructed in the following way:
· UE is configured with the maximum no. of CBGs per transmission.
· For initial transmission, the no. of CBs per TB is determined according to the TB size.
· For re-transmission, the no. of CBGs per transmission is determined according to the no. of re-transmitted CBs.
· When the no. of CBs per transmission is equal to or larger than the configured no. of CBGs per transmission,
· The no. of CBGs is equal to the configured no. of CBGs per transmission.
· Otherwise,
· The no. of CBGs is equal to the no. of CBs per transmission.


3. Conclusion
In this contribution, our view on CBG construction is presented, and following is proposed.
Proposal 1:
· CBG is constructed in the following way:
· UE is configured with the maximum no. of CBGs per transmission.
· For initial transmission, the no. of CBs per TB is determined according to the TB size.
· For re-transmission, the no. of CBGs per transmission is determined according to the no. of re-transmitted CBs.
· When the no. of CBs per transmission is equal to or larger than the configured no. of CBGs per transmission,
· The no. of CBGs is equal to the configured no. of CBGs per transmission.
· Otherwise,
· The no. of CBGs is equal to the no. of CBs per transmission.
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