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Introduction
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
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
Based on above agreements [1], we propose LDPC codes for eMBB data channel.

Proposed LDPC Codes
It is considered QC-LDPC codes guaranteeing the simple but parallel encoding and decoding. A QC-LDPC code is described by the parity check matrix H, which consists of small number of ZZ square matrix which might be either Zero matrix or Circulant Permutation Matrix (CPM). The CPM is identified with right or left circular shifting matrix from ZZ Identity matrix.
2.1 Structure of proposed QC-LDPC
The structure of H matrix for LDPC code is described in this section. It is serially concatenated with high rate codes (QC-IRA Like) and Single Parity Check (SPC) codes, which is one of the typical forms of Multi-edge LDPC codes [2, 3]. The multi-edge type LDPC code we propose have two main characteristics. One is to have multiple degree-1 variable nodes which would be beneficial for lower code-rate. The other is to have always punctured nodes (not transmitted) in information part. (In this example, the first 2Z column in Figure 1). The matrix form would be like

, where A stands for the matrix of high rate code, O for all-zero matrix, C and I for the matrix of SPC code, and I is identity matrix. Figure 1 shows the conceptual structure of the proposed LDPC code.
The part of QC-IRA like makes the LDPC code Z-unit parallel encoding, which makes fast encoding. And also, because of SPC code having degree-1 variable nodes, the proposed LDPC code can easily support low code-rates as well as incremental redundancy (IR) for HARQ. 
[image: ]
Figure 1. The conceptual structure of base code and parity extension for LDPC Codes 
The coding scheme for NR requires supporting wide range of code rates, variable code blocks as well as fine granularity for both cases [4]. In order to satisfy these requirements, we consider multiple base codes and each base code (BC) consists of a base matrix and a set of lifting-sizes.
[Table 1, Base Code parameters]
	Base code(BC)
	Mb  Nb
	Kb,max
	Kb,min
	Pb
	Sb
	code rate
	Max. information
	Lifting Set (Z)

	BC1
	638
	32
	24
	2
	8
	0.89
	8192
	256, 192, 144, 108, 81,
61,46,35,27,21

	BC2
	616
	10
	6
	2
	4
	0.71
	2560
	256, [156, 96, 64
40, 25, 16, 10, 6]


· 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 column for information in base code.
· Kb, min means the minimum number of column for information in base code.
· Sb means the maximum number of column for information shortening in base code.
· Pb means the number of systematic information puncturing in base code, not transmitted.
2.2 Supporting flexibility of LDPC Codes
In this section, we discuss the flexibility of proposed LDPC code in terms of code block size, granularity and rate matching.
2.2.1 Supporting variable code block
The simple way to support variable code block is to change lifting-size (Z) of QC-LDPC code. But since many lifting-sizes would increase the complexity, the proper number of lifting-sizes should be selected. In this contribution, we propose the method of selecting lifting-sizes based on following rules:
· Initialization: Z(0)=Zmax, l=1,2,…,8 or 9 for BC1 and BC2
· Choose a integer value Z(l) : 
With above formula, the number of lifting-sizes could be as small as possible while using allowed information shortening.
In order to generate each H matrix () where it corresponds to H matrix according to different lifting value, Z(l), from given H matrix [4], specific equation having combination of modulo and linear scaling, is proposed. The (i,j) and  is indicating the entry position of each base code and its circulant values.

·  : circulant value of H matrix for lifting value, 
· circulant value of H matrix for lifting value, 
· ) is an offset value in [4].
, where  is power of 2 so that  and modulo of Zmax can be calculated by simple binary bit shift operation.
Observation 1: The performance of combination of linear and modulo scaling for new lifted H matrix can be seen in [4], which show good performances.
Observation 2: Zmax with power of 2 can provide efficient implementation when scaling operation is used.
Proposal 1: If linear scaling is considered, the Zmax having power of 2 is recommended for easy implementation.
Proposal 2: For lifting-size scaling, the combination of modulo and linear scaling can be used for good performance.
2.2.2 Supporting rate matching
In practical, the number of bits for transmission is determined based on the available physical resources and then it should be able to generate arbitrary code-rates called as Rate Matching. In order to support arbitrary code-rate, puncturing would be necessary. By puncturing in parity, the code-rate could be higher and also arbitrary code-rate could be supported depending on available physical resources. If the number of LDPC coded bits are smaller than one to transmit over available physical resources the repetition scheme would be used for rate matching, which transmit previously transmitted bits again.
Observation 3: LDPC Code can support variable code block by changing lifting-size and shortening in information and variable code-rates by puncturing in parity.
2.3 IR-HARQ
IR-HARQ supported by channel coding is necessary requirement for reliable transmission. IR-HARQ could lower the code rate as retransmission progresses then it is achieved more robust data transmission than first transmission. For these requirements, single channel codes need to cover wide range of code rates. We propose parity extension technique by SPC Code, in which the first transmission is started from high rate parts and apply parity extension to lower code rate as further transmission. Figure 2 shows the example of IR-HARQ. At first transmission, high code-rate code is transmitted. Then, if decoding with high code-rate parts is failed, punctured parity bits are transmitted, which make the entire code-rate lower by combining with first transmitted data. If there are no punctured parity bits the previously transmitted bits is transmitted again.
	Channel
	AWGN

	Modulations
	QPSK

	1st Transmission rates (R)
	1/2, 2/3, 3/4, 6/7, 8/9

	Total Transmission rates with IR (R/2)
	1/4, 1/3, 3/8, 3/7, 4/9

	Decoding algorithm
	Sum product (flooding)
Max. iteration = 50


Table 1. Evaluation Assumptions for IR-HARQ
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Figure 2. Performance of IR-HARQ, K=4000
Observation 4: For K=4000, we can see that gain of IR is over 4.0 dB at code rate 0.5 and over 6.0 dB at code rate 0.89.  
Observation 5: Diagonal parity extension can provide good performance for lower code-rates as well as IR-HARQ.
Conclusions
In this contribution, we considered multi-edge QC-LDPC code for eMBB data channel. The proposed LDPC codes would be suitable for high throughput data transmission for NR. And the proposed LDPC codes have sufficient flexibilities being able to support channel coding requirements of NR.
We have the following observations and proposals.
Observation 1: The performance of combination of linear and modulo scaling for new lifted H matrix can be seen in [4], which show good performances.
Observation 2: Zmax with power of 2 can provide efficient implementation when scaling operation is used.
Proposal 1: If linear scaling is considered, the Zmax having power of 2 is recommended for easy implementation.
Proposal 2: For lifting-size scaling, the combination of modulo and linear scaling can be used for good performance.
[bookmark: _GoBack]Observation 3: LDPC Code can support variable code block by changing lifting-size and variable code-rates by shortening in information and puncturing in parity.
Observation 4: For K=4000, we can see that gain of IR is over 4.0 dB at code rate 0.5 and over 6.0 dB at code rate 0.89.  
Observation 5: Diagonal parity extension can provide good performance for lower code-rates as well as IR-HARQ.
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