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1. Introduction
In the last RAN1 meeting #88, following agreement was made [1]:
	Agreement: 
1. The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined for a H matrix are selected from the following set of {Kmax, Zmax} pairs:
· {8192, 256}, {8192, 512}, {FFS near 8192, 320}



In this contribution, we compare the average number of iterations of LDPC codes because it is proportional to the energy consumption of decoders for a given parity check matrix.
2. Comparison of the average number of iterations
 NR requires 20Gbps decoder information throughput for eMBB services, which is much faster than the decoder information throughput required for 3GPP LTE. Thus, the decoder energy consumption was an important issue when channel code for eMBB data transmission was decided and is still important to decide the base graphs of LDPC codes.
 The decoder energy consumption of LDPC codes  is proportional to the number of average iterations  and the number of ones in the parity check matrix , which is given by 
                                      (1)
The decoder energy consumption also depends on the decoder structure, which is related with the parity check matrix structure. However, at the last meeting, the parity check matrix structure was decided so that the decoder energy consumption of compact and large base graphs can be compared by using the equation (1).
 Figure 1 shows the average number of iterations of LG LDPC code [2] and MTK LDPC code [3] for 8/9, 5/6, 3/4, 2/3 code rates in SNR regions where block error rate is 10-1 ~ 10-3. Simulation parameters obtained for the results are given in Appendix. Figure 1 shows that the average number of iterations of LG LDPC code is smaller than that of MTK LDPC code. This is because LG LDPC code has the less number of punctured information bits than that of MTK LDPC code. Assuming 2Z puncturing of information bits, 512 information bits are punctured in LG LDPC code but 1024 bits are punctured in MTK LDPC code. If the number of punctured information bits is larger, the time for recovering punctured information bits becomes longer. That is, the decoder convergence speed gets slower.
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Figure 1. Comparison of the average number of iterations (x-axis: SNR, y-axis: the average number of iterations)
The numbers of ones of the parity check matrices of LG LDPC code are respectively 28928, 35328, 44032, 54784 for 8/9, 5/6. 3/4, 2/3 code rates. The number of ones of the parity check matrices of MTK LDPC code are respectively 28672, 36352, 44032, 51712 for 8/9, 5/6. 3/4, 2/3 code rates. By substituting the number of ones of the parity check matrices and the results in Figure 1 into equation (1), Figure 2 can be obtained. Figure 2 plots the decoder energy consumption ratio of MTK LDPC code to LG LDPC code.
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Figure 2. Comparison of decoder energy consumption of MTK LDPC code to LG LDPC code (x-axis: SNR, y-axis: the ratio of energy consumption) 

Figure 2 shows that LG LDPC code has less decoder energy consumption in almost all SNR regions. The decoder energy consumption of MTK LDPC code is about 22% larger than that of LG LDPC code at 6.4dB and 5.35dB. When code rate is 2/3, the energy consumption of LG LDPC code is slightly worse than MTK LDPC code although the average number of iterations of LG LDPC code is smaller because the number of ones in LG’s parity check matrix is larger than that of MTK’s parity check matrix at 2/3 code rate.
 Table 1 shows the average number of iterations of LG and MTK LDPC codes in high SNR region. The energy consumption ratio has the maximum value of 1.69 at 8dB, which means that 69% more energy is required for decoding MTK LDPC code rather than LG LDPC code. The difference of decoder energy consumption is decreased at 12 dB. This is because decoding can be finished at one or two iterations in most cases at high SNR region and at least one iteration is required for LDPC codes.

Table 1. Comparison in high SNR region (code rate=8/9, Information size=8192)
	SNR (dB)
	7
	8
	9
	10
	11
	12

	LG Avg. iteration
	6.27
	3.92
	2.99
	2.32
	1.84
	1.26

	MTK Avg. iteration
	7.96
	5.10
	5.98
	3.21
	2.6
	1.5

	Energy Consumption Ratio
	1.25
	1.69
	1.32
	1.37
	1.40
	1.18



[bookmark: _GoBack]Observation: Decoder energy consumption increases as the number of punctured information bits increases.
Proposal: NR should support a large base graph of LDPC code (i.e. Zmax=256)

3. Conclusion
In this contribution, our observation and proposal are as follows:
Observation: Decoder energy consumption increases as the number of punctured information bits increases.
Proposal: NR should support a large base graph of LDPC code (i.e. Zmax=256)
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5. Appendix
Simulation parameters used in this contribution is as follows.
Table 2. Simulation Parameters
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	QC-LDPC code

	Code rate
	2/3, 3/4, 5/6, 8/9

	Decoding algorithm
	Standard flooding with SPA

	# of decoding iteration
	50

	Info. Block Length
	8192
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