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1. Introduction
In RAN #87 meeting, the following statements were agreed.
	Agreement:
· UL eMBB data channels:
· Working Assumption to adopt flexible LDPC as the single channel coding scheme for small block sizes (to be confirmed unless significant issues are identified by the RAN1 Jan adhoc in relation to performance, implementation complexity and flexibility)
· (Note that it is already agreed to adopt LDPC for large block sizes)
· DL eMBB data channels:
· Adopt flexible LDPC as the single channel coding scheme for all block sizes


In this contribution, we would like to discuss about single lifting formula shortly and provide our new LDPC code performance for NR eMBB data.
LDPC code performance
1. Discussion about applying single lifting formula
LDPC code for eMBB data channel is required to support very wide range of rates and fine granularity of block lengths. It is well-known that QC-LDPC can support these harsh channel coding requirement by combination of lifting and codeword shortening/puncturing. In terms of error-correction performance, dedicated circulant matrix design according to each lifting size might be a best way, which requires high hardware cost proportional to the number of lifting sizes. To reduce hardware complexity caused by various lifting size and the corresponding sets of circulant matrices, single lifting formulas based on scale-down principle seems to be more preferred. However even though well-optimized circulant matrix at large lifting size has best performance, if the unified lifting formula is applied regardless of optimization at the smaller lifting size, it cannot guarantee good error-floor property at small blocks. Every circulant values at different lifting sizes could not be scaled down linearly.
To optimize lifting values of parity check matrix for small lifting size, modulo offset is applied as follows, 

where  is circulant value of row i and column j position of base-graph with the maximum lifting size, Zmax. This offset values  are carefully chosen for each lifting size as follow:

Table 1 Circulant Offset Values
	Lifting Size
	256
	192
	144
	108
	81
	61
	46
	35
	27
	21

	SOffset
	0
	248
	7
	-*
	251
	-*
	-*
	248
	-*
	-*


* This is still in progress
2. Simulation result
The simulation parameters are given in the Table 1. 
Table 2 Simulation Parameters
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	QC-LDPC code

	Code rate
	1/5, 1/4, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

	Decoding algorithm
	Standard flooding with SPA

	# of decoding iteration
	50

	Info. Block Length
	1000, 2000, 4000, 6000, 8000


We proposed two LDPC base code for eMBB data channel[1]. In this contribution, the performance evaluation results based on offset in Table. 1 are presented. (Large base code)
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Figure 1 BLER performance for QC-LDPC (QPSK, 8k)
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Figure 2 BLER performance for QC-LDPC (QPSK, 6k)
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[bookmark: _GoBack]Figure 3 BLER performance for QC-LDPC (QPSK, 4k)
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Figure 4 BLER performance for QC-LDPC (QPSK, 2k)
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Figure 5 BLER performance for QC-LDPC (QPSK, 1k)

Proposal 1: To avoid worst error-floor possibility, optimized scheme should be considered for each lifting size.
2. Conclusions
In this contribution, we present performance results to evaluate the proposed LDPC code. 
Proposal 1: To avoid worst error-floor possibility, optimized scheme should be considered for each lifting size.

3. Reference
[1] R1-1700518, LG, “LDPC Codes Design for eMBB data channel ,” 3GPP TSG RAN WG1 NR ad-hoc, Spokane, USA, Jan 16-20, 2017.
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