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[bookmark: _Ref129681862][bookmark: _Ref124589705]1	Introduction
It was agreed [1] that two LDPC Base Graphs (BGs) are used for data channel coding in NR. In general, the first BG (i.e., BG1) is used for high code rates and large block sizes, and the second BG (i.e., BG2) is used for low code rates and small block sizes. The selection between two BGs depends on the TBS and the code rate of the initial transmissions. It is FFS [1] whether some UE capabilities may be possible that do not require the implementation of both base graphs. 
It was agreed [2] that all the Code Blocks (CB) in a Transport Block (TB) are equal size after segmenting the TB. The Transport Block Size (TBS) is determined to ensure the equal size CBs are obtained without zero padding for either BG1 [3] or BG2 [4]. The TBS determination process implicitly considers the LDPC BG selection criteria and it determines the TBS to ensure no zero padding is necessary to achieve equal size CBs depending on the expected BG to be used. 
If the expected BG in the TBS determination process is different from the actual BG used in the LDPC encoding process, then the TBS may not guarantee equal size CBs without zero-padding. Such a case may exist for some UEs which only implement a single BG, due to its capability limitation. 
In this contribution, we discuss potential solutions to this issue. 
2	Discussion
There are two BGs adopted in NR. In general, BG1 is used for large block sizes and high code rates and BG2 is used for small block sizes and low code rates. The determination of BGs is based on the code rate of the initial transmissions  and the TBS. Specifically, BG2 is used in one of the following conditions:  
· 
·  and 
· 
Otherwise, BG1 is used.
In the TBS determination process, the intermediate number of information bits  is first calculated, based on code rate, modulation order, number of layers and number of resource elements. If  is less than or equal to 3824, then the TBS is determined from a given table (Table 5.1.3.2-2 in [5]). Otherwise, quantize  to :
,
where . Then, the TBS is calculated by one of the following 3 formulas:
· If , then  and . 
· If  and then  and . 
· If  and then . 
As mentioned in [1], it is possible that due to its capabilities, a UE does not need to implement both BGs. Specifically, if a UE only implements BG2, then the segmented CBs may not be equal size according to the current agreements.
Consider an example where the higher layer parameter MCS-Table-PDSCH is not set to 256QAM. Suppose the MCS index is 16, which corresponds to the target code rate 658/1024. If the value of  is 9933, then the TBS is determined to be 9992 bits according to the above formulas. If a UE only supports BG2, then there are 3 segmented CBs. Since the TBS plus 24 bits TB CRC is equal to 10016, which is not divisible by 3, these 3 CBs will not have the identical size. 
Observation 1: If a UE only implements BG2, then it may have unequal size CBs based on the current TBS determination process and CB segmentation process.
There are several ways to ensure CBs are still of the same size for those UEs which only implement BG2:
1. Use a different TBS determination process for the UEs only implementing BG2. Specifically, the above TBS formulas may be modified.
2. Place additional restrictions in the TBS determination process for the UEs only implementing BG2. Specifically, a TBS is only selected from a reduced set to ensure equal size CBs. 
3. Insert zero padding bits in the CB segmentation process.
4. Insert filler bits in the CB segmentation process. 
The first two approaches require high layer to know whether a UE is implementing only a single BG or not. This puts another level of complexity on gNB’s scheduling assignment. On the other hand, the last two approaches do not result in the increased complexity on gNB’s scheduling assignment. Since equal CBs are already obtained in the current CB segmentation process, it is preferable to guarantee that continues. Hence, the last two approaches are preferable. 
Proposal 1: Either zero padding bits or filler bits could be inserted in the CB segmentation process to ensure equal size CBs.

The difference between zero padding bits and filler bits is that the zero padding bits will be transmitted while the filler bits will not be transmitted. Hence, the main advantage of inserting filler bits is that it is a little more spectrally efficient. In the zero padding insertion approach, the total number of padding bits is no more than the number of CBs. The overhead resulting from zero padding is hence no more than , which is negligible. On the other hand, the advantage of inserting zero padding bits is that it facilitates the decoding process. In the zero padding insertion approach, the number of filler bits to each CB is identical. The number of filler bits is always equal to the difference between a LDPC supported CB size and the payload size. Based on the above considerations, we have the following proposal.
Proposal 2: It is preferred to insert zero padding bits in the CB segmentation process to ensure equal size CBs.


3	Conclusion
In this contribution, we discuss the issue resulting from the case where a UE only implements a single LDPC BG. We have the following observation and proposals.  
Observation 1: If a UE only implements BG2, then it may have unequal size CBs based on the current TBS determination process and CB segmentation process.
Proposal 1: Either zero padding bits or filler bits could be inserted in the CB segmentation process to ensure equal size CBs.

Proposal 2: It is preferred to insert zero padding bits in the CB segmentation process to ensure equal size CBs.
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