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Introduction
In RAN1 #87 meeting, it is agreed that DL eMBB data channels adopt LDPC codes and UL eMBB data channels adopt LDPC codes as a working assumption [1].
	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
· UL control information for eMBB
· Adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· DL control information for eMBB
· Working Assumption to adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· To be confirmed unless significant issues are identified by the RAN1 Jan adhoc in relation to performance, latency, power consumption and implementation complexity


In this contribution, we show the performance evaluation results of different LDPC candidates by sum-product flooding decoding algorithm with 50 iterations.
LDPC designs
During the previous meetings, LDPC codes are generally designed by code extensions. The matrices of LDPC codes with different coding rates are exteneded from a core matrix with high coding rate.
For conveicnece, we use the following terminology to describe the matrices of LDPC codes based on the following agreements 
	Agreements:
· Code extension of a parity-check matrix is used for IR HARQ/rate-matching support 
· Use lower-triangular extension, which includes diagonal-extension as a special case
· For the QC-LDPC design, the non-zero sub-blocks have circulant weight <=2
· Circulant weight is the number of superimposed circularly shifted ZZ identity matrices
· In parity check matrix design, the highest code rate (Rmax,j ) to design j-th H matrix for is 
· Rmax,j <=8/9
· Rmax,j is the code rate of the j-th H matrix before code extension is applied (0 j< J) 
· Rmax,j is the code rate after accounting for the built-in puncturing, if this is applied in H matrix design
· Rate matching to support transmission code rate higher than Rmax,j is not precluded


Core matrix:			A matrix with highest code rate Rmax,j. Matrices with lower code rate can be obtained from this matrix. There are J core matrices for different coding rate and/or information block size region.
Base matrix, Hj:		The matrix extened from the j-th core matrix. There are J base matrices corresponding to core matrices for different coding rate and/or information block size region.
Parity check matrix:	The matrices are lifted from the base matrices by different lifting factor for different information block sizes. These matrices are used for encoding and decoding.


Fig. 1 The base matrices of LDPC codes
Mainly two kinds of LDPC coding schemes are proposed during the previous meetings. One scheme is to design only one base matrix and to obtain the parity check matrices by extending and lifting to contruct all the codes with different coding rates and informatio block sizes, i.e., J = 1. The other schemes are to design different base matrices for different coding rate and/or information block sizes region and to obtain the parity check matrices by extending and lifting, i.e., J > 1.
J = 1
Only one base matrix is applied for all the coding rates and information block sizes, such as [2, 4, 5, 8]. Different lifting sizes are used to contruct codes with different codelengths. 
The complexity of “J = 1” matrix is mainly depended on the maximum size of the base matrix and the number of lifting factors. As there is only one base matrix used for encoding, the route network may be less complex. On the other hand, for the same information block size, if the same base matrix is used, the codewords of all the coding rates are nested. It is similar to Turbo codes of LTE. Similar rate matching scheme (circular buffer) can be used.
J > 1
Different base matrices is applied for different coding rates and/or infromation block sizes, such as [3, 6, 7]. Different lifting sizes are used to contruct codes with different codelength. The lifting sizes and corresponding coefficients may be also different for different matrices.
The complexity of “J > 1” matrix is depended on the value of J and the maximum size of each base matrix and the number of lifting factors. Compared to the “J = 1” case, as the base matrix may be changed for different coding rates, the rate matching scheme may be different from the LTE one. However, the BLER performance may be better than the “J=1” case for low coding rates.
Performance evaluation
The evaluation assumptions are shown in Table 1 and the evaluation results are shown in Fig. 1 ~ Fig. 5.
Table 1 Evaluation assumptions
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	LDPC [2, 3, 5, 6 BG1]

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

	Decoding algorithm
	Sum-product flooding decoding algorithm with 50 iterations

	Info. block length (bits w/o CRC)
	400, 1000, 2000, 4000, 6000
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Fig. 1 The performance of LDPC codes with info. block length K = 400
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Fig. 2 The performance of LDPC codes with info. block length K = 1000
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Fig. 3 The performance of LDPC codes with info. block length K = 2000
[image: ]
Fig. 4 The performance of LDPC codes with info. block length K = 4000
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Fig. 5 The performance of LDPC codes with info. block length K = 6000

Based on the evalution results, we have the following Observations.
Observation 1: Different LDPC coding schemes show comparable performance at coding rates greater than 1/3.
Observation 2: Further study on implementation complexity of different coding schemes is required
Summary
In this contribution, we provide evaluation results of different LDPC codes for eMBB data channel. Based on the results, we have the following observations.
Observation 1: Different LDPC coding schemes show comparable performance at coding rates greater than 1/3.
Observation 2: Further study on implementation complexity of different coding schemes is required
References
1. 3GPP, Chairman's Notes, RAN1 #87, Reno, USA.
1. 3GPP, R1-167889, “Design of Flexible LDPC Codes”, Samsung, RAN1 #86, Gothenburg, Sweden.
1. 3GPP, R1-1610137, “LDPC rate compatible design overview”, Qualcomm Incorporated, RAN1 #86bis, Lisbon, Portugal.
1. 3GPP, R1-1610682, “Channel coding scheme for EMBB”, Intel Corporation, RAN1 #86bis, Lisbon, Portugal.
1. 3GPP, R1-1611112, “Consideration on LDPC design for NR”, ZTE, ZTE Microelectronics, RAN1 #87, Reno, USA.
1. 3GPP, R1-1611321, “Design of LDPC Codes for NR”, Ericsson, RAN1 #87, Reno, USA.
1. 3GPP, R1-1612280, “LDPC design for eMBB”, Nokia, Alcatel-Lucent Shanghai Bell, RAN1 #87, Reno, USA.
1. 3GPP, R1-1613059, “High performance and area efficient LDPC code design with compact protomatrix”, MediaTek Inc., RAN1 #87, Reno, USA.


- 1/6 -
image2.emf
-4 -2 0 2 4 6 8

Es/N0 (dB)

10

-3

10

-2

10

-1

10

0

B

L

E

R

10137 LDPC, K=400, R=1/5, SP, I50

7889 LDPC, K=400, R=1/5, SP, I50

11321 LDPC, K=400, R=1/5, SP, I50

11112 LDPC, K=400, R=1/5, SP, I50

10137 LDPC, K=400, R=1/3, SP, I50

7889 LDPC, K=400, R=1/3, SP, I50

11321 LDPC, K=400, R=1/3, SP, I50

11112 LDPC, K=400, R=1/3, SP, I50

10137 LDPC, K=400, R=2/5, SP, I50

7889 LDPC, K=400, R=2/5, SP, I50

11321 LDPC, K=400, R=2/5, SP, I50

11112 LDPC, K=400, R=2/5, SP, I50

10137 LDPC, K=400, R=1/2, SP, I50

7889 LDPC, K=400, R=1/2, SP, I50

11321 LDPC, K=400, R=1/2, SP, I50

11112 LDPC, K=400, R=1/2, SP, I50

10137 LDPC, K=400, R=2/3, SP, I50

7889 LDPC, K=400, R=2/3, SP, I50

11321 LDPC, K=400, R=2/3, SP, I50

11112 LDPC, K=400, R=2/3, SP, I50

10137 LDPC, K=400, R=3/4, SP, I50

7889 LDPC, K=400, R=3/4, SP, I50

11321 LDPC, K=400, R=3/4, SP, I50

10137 LDPC, K=400, R=5/6, SP, I50

7889 LDPC, K=400, R=5/6, SP, I50

11321 LDPC, K=400, R=5/6, SP, I50

10137 LDPC, K=400, R=8/9, SP, I50

7889 LDPC, K=400, R=8/9, SP, I50

11321 LDPC, K=400, R=8/9, SP, I50
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10137 LDPC, K=1000, R=1/5, SP, I50

7889 LDPC, K=1000, R=1/5, SP, I50

11321 LDPC, K=1000, R=1/5, SP, I50

11112 LDPC, K=1000, R=1/5, SP, I50

10137 LDPC, K=1000, R=1/3, SP, I50

7889 LDPC, K=1000, R=1/3, SP, I50

11321 LDPC, K=1000, R=1/3, SP, I50

11112 LDPC, K=1000, R=1/3, SP, I50

10137 LDPC, K=1000, R=2/5, SP, I50

7889 LDPC, K=1000, R=2/5, SP, I50

11321 LDPC, K=1000, R=2/5, SP, I50

11112 LDPC, K=1000, R=2/5, SP, I50

10137 LDPC, K=1000, R=1/2, SP, I50

7889 LDPC, K=1000, R=1/2, SP, I50

11321 LDPC, K=1000, R=1/2, SP, I50

11112 LDPC, K=1000, R=1/2, SP, I50

10137 LDPC, K=1000, R=2/3, SP, I50

7889 LDPC, K=1000, R=2/3, SP, I50

11321 LDPC, K=1000, R=2/3, SP, I50

11112 LDPC, K=1000, R=2/3, SP, I50

10137 LDPC, K=1000, R=3/4, SP, I50

7889 LDPC, K=1000, R=3/4, SP, I50

11321 LDPC, K=1000, R=3/4, SP, I50

10137 LDPC, K=1000, R=5/6, SP, I50

7889 LDPC, K=1000, R=5/6, SP, I50

11321 LDPC, K=1000, R=5/6, SP, I50

10137 LDPC, K=1000, R=8/9, SP, I50

7889 LDPC, K=1000, R=8/9, SP, I50

11321 LDPC, K=1000, R=8/9, SP, I50
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10137 LDPC, K=2000, R=1/5, SP, I50

7889 LDPC, K=2000, R=1/5, SP, I50

11321 LDPC, K=2000, R=1/5, SP, I50

11112 LDPC, K=2000, R=1/5, SP, I50

10137 LDPC, K=2000, R=1/3, SP, I50

7889 LDPC, K=2000, R=1/3, SP, I50

11321 LDPC, K=2000, R=1/3, SP, I50

11112 LDPC, K=2000, R=1/3, SP, I50

10137 LDPC, K=2000, R=2/5, SP, I50

7889 LDPC, K=2000, R=2/5, SP, I50

11321 LDPC, K=2000, R=2/5, SP, I50

11112 LDPC, K=2000, R=2/5, SP, I50

10137 LDPC, K=2000, R=1/2, SP, I50

7889 LDPC, K=2000, R=1/2, SP, I50

11321 LDPC, K=2000, R=1/2, SP, I50

11112 LDPC, K=2000, R=1/2, SP, I50

10137 LDPC, K=2000, R=2/3, SP, I50

7889 LDPC, K=2000, R=2/3, SP, I50

11321 LDPC, K=2000, R=2/3, SP, I50

11112 LDPC, K=2000, R=2/3, SP, I50

10137 LDPC, K=2000, R=3/4, SP, I50

7889 LDPC, K=2000, R=3/4, SP, I50

11321 LDPC, K=2000, R=3/4, SP, I50

10137 LDPC, K=2000, R=5/6, SP, I50

7889 LDPC, K=2000, R=5/6, SP, I50

11321 LDPC, K=2000, R=5/6, SP, I50

10137 LDPC, K=2000, R=8/9, SP, I50

7889 LDPC, K=2000, R=8/9, SP, I50

11321 LDPC, K=2000, R=8/9, SP, I50
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10137 LDPC, K=4000, R=1/5, SP, I50

7889 LDPC, K=4000, R=1/5, SP, I50

11321 LDPC, K=4000, R=1/5, SP, I50

11112 LDPC, K=4000, R=1/5, SP, I50

10137 LDPC, K=4000, R=1/3, SP, I50

7889 LDPC, K=4000, R=1/3, SP, I50

11321 LDPC, K=4000, R=1/3, SP, I50

11112 LDPC, K=4000, R=1/3, SP, I50

10137 LDPC, K=4000, R=2/5, SP, I50

7889 LDPC, K=4000, R=2/5, SP, I50

11321 LDPC, K=4000, R=2/5, SP, I50

11112 LDPC, K=4000, R=2/5, SP, I50

10137 LDPC, K=4000, R=1/2, SP, I50

7889 LDPC, K=4000, R=1/2, SP, I50

11321 LDPC, K=4000, R=1/2, SP, I50

11112 LDPC, K=4000, R=1/2, SP, I50

10137 LDPC, K=4000, R=2/3, SP, I50

7889 LDPC, K=4000, R=2/3, SP, I50

11321 LDPC, K=4000, R=2/3, SP, I50

11112 LDPC, K=4000, R=2/3, SP, I50

10137 LDPC, K=4000, R=3/4, SP, I50

7889 LDPC, K=4000, R=3/4, SP, I50

11321 LDPC, K=4000, R=3/4, SP, I50

10137 LDPC, K=4000, R=5/6, SP, I50

7889 LDPC, K=4000, R=5/6, SP, I50

11321 LDPC, K=4000, R=5/6, SP, I50

10137 LDPC, K=4000, R=8/9, SP, I50

7889 LDPC, K=4000, R=8/9, SP, I50

11321 LDPC, K=4000, R=8/9, SP, I50
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10137 LDPC, K=6000, R=1/5, SP, I50

7889 LDPC, K=6000, R=1/5, SP, I50

11321 LDPC, K=6000, R=1/5, SP, I50

11112 LDPC, K=6000, R=1/5, SP, I50

10137 LDPC, K=6000, R=1/3, SP, I50

7889 LDPC, K=6000, R=1/3, SP, I50

11321 LDPC, K=6000, R=1/3, SP, I50

11112 LDPC, K=6000, R=1/3, SP, I50

10137 LDPC, K=6000, R=2/5, SP, I50

7889 LDPC, K=6000, R=2/5, SP, I50

11321 LDPC, K=6000, R=2/5, SP, I50

11112 LDPC, K=6000, R=2/5, SP, I50

10137 LDPC, K=6000, R=1/2, SP, I50

7889 LDPC, K=6000, R=1/2, SP, I50

11321 LDPC, K=6000, R=1/2, SP, I50

11112 LDPC, K=6000, R=1/2, SP, I50

10137 LDPC, K=6000, R=2/3, SP, I50

7889 LDPC, K=6000, R=2/3, SP, I50

11321 LDPC, K=6000, R=2/3, SP, I50

11112 LDPC, K=6000, R=2/3, SP, I50

10137 LDPC, K=6000, R=3/4, SP, I50

7889 LDPC, K=6000, R=3/4, SP, I50

11321 LDPC, K=6000, R=3/4, SP, I50

10137 LDPC, K=6000, R=5/6, SP, I50

7889 LDPC, K=6000, R=5/6, SP, I50

11321 LDPC, K=6000, R=5/6, SP, I50

10137 LDPC, K=6000, R=8/9, SP, I50

7889 LDPC, K=6000, R=8/9, SP, I50

11321 LDPC, K=6000, R=8/9, SP, I50
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