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1. Introduction
In RAN1NR-AH meeting, following agreement were made [1]:
	Agreement:
· Number of base graphs NBG is FFS between 1, 2 and 3, considering the trade-offs
· If NBG >1, 
· Each base graph covers a different range of block sizes and/or code rates (not necessarily precluding partially overlapping ranges)
· FFS whether one range can be fully covered by another range
Agreement:
· Base graph for supporting Kmax has minimum code rate Rmin,kmax = ~1/3 
· ‘~’ means approximately
· This does not preclude extending the same base graph to code rate lower than ~1/3 when supporting K<Kmax, provided that the number of variable nodes (after lifting) of any parity check matrix, Nmax, is not exceeded, where:
· Nmax = Kmax / Rmin,kmax + Nsys,punct
· Nsys,punct is the number of built-in punctured systematic bits
· Base graph for any info block sizes K has
· Rmin,k >= ~1/5, provided that Nmax is not exceeded


In this contribution, we provide our views on multiple base graphs of LDPC codes.
2. Discussion
 In recent meetings, it was shown that the most frequent packet size of DL and UL traffics are different each other. In [2], it was shown that 90% of UL packets is smaller than 2560 bits but 78% of DL packets are larger than 8000 bits. Thus, it would be beneficial to employ two base graphs to optimize LDPC codes for the most frequent packet sizes of DL and UL. 
 If only a single base graph is used, the base graph should be designed for both the largest information block size with the largest code rate and the smallest information block size with the lowest code rate. Figure 1 shows the relation between code rate and information block size based on LTE transport block size table. In figure 1,  and  are respectively the largest code rate and smallest code rate and  and  are respectively the largest block size and smallest block size to be supported by NR LDPC codes. If a single base graph is used, the base graph should be designed for all combinations of information block size and code rate between  information block size with  code rate and  information block size with 1/5 code rate. Otherwise if two base graphs are used, a base graph can be designed for the range between  information block size with  code rate and  information block size with  code rate and the other base graph can be designed for the range between  information block size with  code rate and  information block size with  code rate as shown in figure 1. Here,  and the values of  and  can be decided considering the most frequent packet sizes of UL and DL traffics, respectively. 
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Figure 1. An example of block sizes and code rates supported by LDPC codes

 If two base graphs are used, one of the base graphs can be designed to reduce decoding latency from the fact that . For example, two base graphs can be designed for  and  as follows [3]: 
Table 1. Base Code parameters
	Base code(BC)
	mb  nb
	kb,max
	kb,min
	Pb
	Sb
	code rate
	Max. information
	Lifting Set (Z)

	BC1
	616
	10
	6
	2
	4
	0.71
	2560
	256, [156, 96, 64
40, 25, 16, 10, 6]

	BC2
	638
	32
	24
	2
	8
	0.89
	8192
	256, 192, 144, 108, 81,
61,46,35,27,21


· mb means the number of row in base code.
· nb means the number of column in base code, equal to Mb +Mb.
· kb, max means the maximum number of columns for information in base code.
· kb, min means the minimum number of columns for information in base code.
· Sb means the maximum number of columns for information shortening in base code.
· Pb means the number of systematic information puncturing in base code, not transmitted.

In the above example, the decoding latency of the short base graph is about 30% of that of the large base graph because the number of non-zero sub-matrices may be proportional to the maximum number of columns for information in a base code.
Implementation complexity is not an issue of employing two base graphs. Implementation complexity mainly depends on the number of update logic units to achieve high decoder throughput, memories for variable and check nodes, and shifting networks. The complexity of those factors are changed as follows.
· The number of update logic units is proportional to the maximum size of non-zero sub-blocks Zmax and the maximum number of non-zero sub-blocks processed in parallel.
· The memory size is proportional to the maximum code block length while the code rate of a base graph is fixed.
· For QC-LDPC shift network (QSN), the area of shifting networks is proportional to the sum of Zmax *(2*ceil(log2 Zmax)-1)+1 multiplexers and ceil(log2 Zmax)+1 stages [3]
From the above observation, it can be seen that the complexity of those factors cannot be increased by employing an additional base graph if the base graph has a lower block size compared with the previous one and its shift size is carefully chosen considering the shift size of the previous one.
Proposal 1: NR needs to support multiple base graphs for LDPC codes.

3. Conclusion
In this contribution, our suggestion is as follows:
[bookmark: _GoBack]Proposal 1: NR needs to support multiple base graphs for LDPC codes.
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