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1. Introduction
At the RAN1#88bis and 89 meetings, following agreements were achieved for CBG construction [1] – [2]:
	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
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 this contribution, we present our views on remaining issues for CBG construction. DL and UL signalling aspects for CBG-based (re-)transmission are discussed in [3] – [4]. 

2. CBG construction
For LTE, transport block (TB) size is determined based on the MCS index, the number of layers, and the 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 a CB with a reasonable length.
According to the agreements at the RAN1#89 meeting, option 1 was agreed for CBG construction that with indicated number of CBGs, the number of CBs in a CBG changes according to TBS and at least the uniform CB distribution across CBGs should be supported. Regarding the indication, from overhead and reliability for both DL and UL perspective, it is simple and sufficient that the (maximum) number of CBG(s) per transmission is indicated (and configured) by RRC. It is not necessary to use L1 or MAC signalling to dynamically change the number of transmitted CBG(s). 
Proposal 1:
· The indication of the number of CBG(s) should be realized by RRC signalling. 
In the following, the detailed rule for the CB grouping will be discussed. 
First, the UE will identify the number of CBs and each CB size based on the TB size derived/indicated in the scheduling DCI. Then, according to the number of CBs contained in the TB and the configured number of CBGs, CBs will be grouped. There are three cases need to be taken into account. 
Case 1: the number of CB(s) per transmission is equal to or higher than the number of CBG(s) configured by higher-layer.  
For case 1, the number of CBG(s) is equal to the configured value. As for mapping between CB and CBG, it was agreed to support at least uniform CB distribution across CBGs. Both alternatives that cyclically mapping CBs to CBGs and sequentially mapping CBs to CBGs can be considered to minimize the difference(s) in the number of CB(s) among CBG(s). Figure 1 gives an example for mapping the CBs to CBG.
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               (a). cyclically mapping of CBs to CBGs                           (b). sequentially mapping of CBs to CBGs
Fig. 1	CBG construction when the number of CBs is equal to or larger than the number of CBGs.
Besides, it is preferable to map CB(s) to physical resources in frequency/space first manner in order to enable UE to generate the HARQ-ACK bit for the CBG without delay. If CB concatenation is made such that the CBs are concatenated in increasing order irrespective of how CBGs are made, Alt.2 would be preferable. If CB concatenation is made such that CBs are re-ordered so that CBGs are concatenated in increasing order, Alt.1 and Alt.2 are identical. 
Case 2: the number of CB(s) per transmission is less than the number of CBG(s) configured by higher-layer.
For case 2, it is not possible to construct the number of CBG(s) configured by higher layer. There are also two alternatives for this case as shown in Figure 2.
Alt. 1 is to group all CBs into one CBG; it is similar to the fallback to TB-level transmission. Alt. 2 is to adapt the number of CBG(s) according to the number of CB(s) per transmission; each CBG contains one CB. 
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Fig. 2	CBG construction when the number of CBs is less than the number of CBGs.


Case 3: retransmission of failed/punctured CBG(s)
For re-transmission, the number of CBs is reduced compared to initial transmission since NACKed CBG(s) only is/are re-transmitted. Generally, there are two ways to construct the CBGs for re-transmission. One way is re-constructing the CBG(s) based on re-transmitted TB size such that the CBG construction methods used for case 1 and case 2 can be re-used: 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. The other way is keeping the initial CBG construction that the number of CBs in each CBG is the same as the initial transmission. Comparing both ways, first way is beneficial to adjust the re-transmission granularity such that the number of CBs per (re-)transmission can be reduced according to the decoding results. It aligns with the motivation of CBG-based (re-)transmission which is to reduce unnecessary re-transmission.
 Proposal 2:
· 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.
Proposal 3:
· For CB(s) grouping, both cyclically mapping of CBs to CBGs and sequentially mapping of CBs to CBGs can be considered.
· [bookmark: _GoBack]Sequential mapping is beneficial if the CB concatenation is not impacted by CBG construction.
It is beneficial to ensure the alignment between CBG and symbol to ensure pipeline processing and affinity to data preemption. However, whether the CBG and symbol can be aligned depends on the amount of physical resources available for CB mapping. Besides, depending on the multiplexing of CSI-RS, PSS/SSS, etc, within the scheduled physical resources, rate-matching will be carried out, which causes further miss-alignment between CBG and symbol. It is beneficial if a slight non-uniformity of CB distribution across CBGs could realize the alignment. Further investigation is necessary after data channel structure and CB segmentation details are clarified.  

3. Conclusion
In this contribution, our view on remaining issues for CBG construction is presented, and following is proposed.
Proposal 1:
· The indication of the number of CBG(s) should be realized by RRC signalling. 
 Proposal 2:
· 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.
Proposal 3:
· For CB(s) grouping, both cyclically mapping of CBs to CBGs and sequentially mapping of CBs to CBGs can be considered.
· Sequential mapping is beneficial if the CB concatenation is not impacted by CBG construction.
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Ex) Number of CBGs is 4, while number of CBs per TB is 5
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Example: no. of CBs is 3; no. of configured CBGs is 4.

Alt.1 B Alt.2 B
—» -—
c e e o

CBG CBG CBG CBG -





