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1 Introduction
In the 3GPP RAN #78 meeting, the first NR specifications including 38.211[1], 38.212[2], 38.213[3] and 28.214[4] are approved. In this specification, the HARQ procedure for CBG-based transmission is described in Subclause 9.1.1 in [3]. Especially, the composition of CBGs from the CBs is described as follows:
 
[image: image1]
All the CBs in a TB share the same MCS level and redundancy version as described in Subcluase 7.3.1 of [2]. In this contribution, we give some concerns in the current specifications about the CBG-based transmission.
2 CBG error and retransmission issue
We first consider an example of CBG grouping. We assume that the maximum CBG number as 2, and the current CB number as 3. From the specification, the first CBG contains 2 CBs and the second 1 CB. Since all the CBs have same MCS level, it is straightforward to assume that the CB error ratio is same for all 3 CBs.
The receiver decides a CBG as error if there is at least one error CB in the CBG. From that, we can find the error ratio of two CBGs if the CB error ratio is given by [image: image3.png]


. The first is [image: image5.png]2p — p



 while the second is [image: image7.png]


. Since [image: image9.png]p<1



 so [image: image11.png]2p—p*>p



 for all [image: image13.png]


. If the first CBG is error, 2 CBs need to be retransmitted while the second needs 1 CB. Following observation is rather trivial in this manner.
Observation 1: CBGs containing larger number of CBs has higher error ratio and retransmission burden.
Let [image: image15.png]


, then the average CB number retransmitted for the first retransmission becomes [image: image17.png]0.19x2+0.1x1




. Now let we assume that we can set [image: image19.png]


 as the error ratio of CBs in the first CBG and [image: image21.png]


 as the second. In this case, the CB number becomes [image: image23.png]0.0975x2+0.2x 1 =0.395



.
The result shows that the equal reliability of CBs is not optimal, while we expect that the error ratio of CBGs with larger retransmission burden becomes smaller. In general, the variation among [image: image25.png]


 and [image: image27.png]


 are predictable but not trivial. The performance variation highly depends on the current MCS level, the number of CBs and CBGs, so finding general optimal parameter is not easy. The rough change cannot make significant performance gain, so the dedicated design is required for this optimization. That is, optimizing the CB error ratio individually requires high burden for the control channel and procedure.
Proposal 1: In Rel. 15, the setting of MCS level relies on the expected error ratio of the largest CBG.
The proposal says about an implemental approach of this issue. The system causes varying of MCS level for the same CQI in general. If the channel code parameters can determined by both MCS level and the CB number, the problem can be much easier. Assuming the situation, we give another proposal for latter releases.
Proposal 2: Consider methods giving higher reliability for the larger size CBGs after Rel. 15.
3 Summary
This contribution gives the following observations and proposals about the CBG-based transmission.
Observation 1: CBGs containing larger number of CBs has higher error ratio and retransmission burden.
Proposal 1: In Rel. 15, the setting of MCS level relies on the expected error ratio of the largest CBG.
Proposal 2: Consider methods giving higher reliability for the larger size CBGs after Rel. 15.
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For a number of � EMBED Equation.3 ��� code blocks (CBs) in a transport block, the UE determines a number of CBGs as � EMBED Equation.3 ���. Each of the first � EMBED Equation.3 ��� CBGs includes � EMBED Equation.3 ��� CBs, where CBG � EMBED Equation.3 ���, includes CBs � EMBED Equation.3 ���, and each of the last � EMBED Equation.3 ��� CBGs includes � EMBED Equation.3 ��� CBs, where CBG � EMBED Equation.3 ���, includes CBs � EMBED Equation.3 ���.
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