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1. Introduction
In RAN1 #88bis meeting, following agreements were made [1]:
	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
Agreement: 
· 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 discuss about code block segmentation.
2. Discussion 
At the last meeting, the largest information size of LDPC codes Kmax is determined by 8448. If the size of a transport block (TB) is longer than Kmax, it is segmented into several code blocks and encoded separately at the transmitter. At the receiver, each code block is decoded individually but all code blocks segmented from the TB should be successfully decoded to recover the information of the TB. Thus, the maximum code block error rate (BLERCB) of the CBs should be minimized to maximize the successful receiving probability of the TB. Here, the maximum BLERCB is minimized by maximizing the minimum size of the CBs, because the BLERCB decreases as code block size increases, and the minimum size of the CBs is maximized by code block segmentation of equal size. That is, equal size code block segmentation of a TB should be employed to maximize the successful receiving probability of the TB.
Proposal 1: Equal size code block segmentation should be supported.
At the last meeting, a working assumption about a CBG-based (re)transmission was confirmed [1]. If CBG-based retransmission was employed, all CBs in a CBG should be successfully decoded to avoid retransmission of the CBG. To maintain the coding gain in the code block segmentation, it is desirable to de-couple the code block segmentation from the CBG-based transmission. That is, after code block segmentation is done if necessary, resulting CBs may be further grouped into CBG according to CBG configuration (e.g., number of CBGs or maximum number of CBs within CBG).
Proposal 2: Code block segmentation should be de-coupled from CBG-based transmission.
We think that the successful receiving probability of TB should be maintained although CBG-based retransmission is used. To do this, a TB should be segmented into equal size code blocks with/without CBG-based (re)transmission. Then, following options can be considered.
· Option 1: Equal size code blocks and equal size code block groups
· Option 2: Equal size code blocks and unequal size code block groups
Here, equal size CBG segmentation of a TB (Option 1) could induce performance degradation by increasing the number of CBs in a TB. As shown in Figure 1, let the size of a TB be 5Kmax, the number of CBGs be 2. If equal size CBG segmentation is used, the CBG size is 2.5Kmax. Then, the CB size is about 0.83Kmax and the number of CBs in a TB is 6. If unequal size CBG segmentation is used, the sizes of CBG 1 and 2 can be respectively set as 2Kmax and 3Kmax. Then, the CB size is Kmax and the number of CBs in a TB is 5. If equal size CBG segmentation is used, the CBG size is 2.5Kmax and the CB size is about 0.83Kmax. Assuming code block error rate is independent, the retransmission probability of the CBG, BLERCBG, is given by
BLERCBG=
If equal size CBG segmentation is not used, the size of CBG 1 can be set as 2Kmax and the size of CBG 2 can be set as 3Kmax. Then, the retransmission probabilities of CBG 1 and 2 are respectively given by
BLERCBG1=
and
BLERCBG2=
[bookmark: _GoBack]Since , BLERCBG1 < BLERCBG and BLERCBG2< BLERCBG which mean that unequal size CBG segmentation outperforms equal size CBG segmentation. That is, the CBG retransmission probability of equal size CBG segmentation is higher than unequal size CBG segmentation and equal-size CBG segmentation has a lower successful receiving probability of the TB than unequal size CBG segmentation.

[image: ]
(a)   							    (b)
Figure 1 Code blocks in CBG. (a) Option 1: equal size code blocks and equal size code block groups, and (b) Option 2: equal size code blocks and unequal size code block groups.
Proposal 3: The number of CBs in CBG for a TB can be different.

3. Conclusion
In this contribution, our proposals are as follows:
Proposal 1: Equal size code block segmentation should be supported.
Proposal 2: Code block segmentation should be de-coupled from CBG-based transmission.
Proposal 3: The number of CBs in CBG for a TB can be different.
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