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1 Introduction
Some working assumptions and agreements made at the former discussion [1] about the base graph of QC-LDPC codes in NR are given as follows:
Working Assumption: 

· For at least one base graph, 
· the parity check matrix consists of five sub-matrices (A, B, C, D, E)
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· A may contain systematic and parity bits
· B: 
· B is not necessarily square

· One of the columns has weight-three 
· The columns of B after the weight-three column have a dual diagonal structure, e.g.:
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· C is a zero matrix

· E is an identity matrix for the above base graph
· Other structures can be considered for other base graph(s), if any

· Can be revisited if another structure is shown to be superior in performance and complexity

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
This contribution analyzes the structure of the LDPC codes described in the WA above, and suggests the efficient number of base graphs. Especially, this contribution suggests that NR needs to be supported multiple number of base graphs for eMBB data channel.
2 Extended LDPC codes and maximum sizes
The parity check matrix for an LDPC code with five submatrices indicated at WA of [1] has the form like Figure 1,
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 as the row length of A and [image: image6.png]


 as the column length of A+B. The maximum code rate supported by this graph without puncturing becomes [image: image8.png]
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 information bits. By the assumption of WA in [1], E is a square identity matrix, and we assume the size of E is [image: image12.png]cXc



. The minimum code rate without repetition becomes [image: image14.png]
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 codeword bits. The parameters [image: image18.png]
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 are design parameter fixed after code design.
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Figure 1. Submatrices and lengths of a parity check matrix of an LDPC codes
Parameter analysis
In the case of Figure 1, the LDPC code supports code rate in the range from [image: image25.png]
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 is the maximum number of punctured bits. By choosing [image: image31.png]


 as a temporary system parameter in the range [image: image33.png]


, the code operates with [image: image35.png]
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 codeword bits. Using IR in HARQ, the maximum number of possible additional redundant bits becomes [image: image41.png]


. From these, we deduce them as the following observation.
Observation 1: Selecting lower initial code rate in a single code results smaller capability of IR HARQ retransmission.
The observation indicates not very welcomed conclusion that as the channel circumstance becomes worse, the HARQ capability becomes worse together. Consequentially, the code must be designed to give sufficient performance in the low code rate, selecting [image: image43.png]


 as large as possible for example, leaving large redundant gains at the high code rate scenario. In fact, it is a common situation of systems having flexible single channel coding scheme.
Proposal 1: Consider adopting LDPC codes having different optimal operating code rate for higher reliability.
2.1 Complexity consideration
The reliability and complexity of a channel coding scheme usually do not perform well together, and it is difficult to answer which property has priority at design in general. The eMBB scenario will require supporting both situations of which one of them has priority, for fine support of various services and various UE requirements. Unlike turbo code (with fixed iteration number), the longer LDPC code has higher reliability and complexity. These facts indicate the following proposal:
Proposal 2: Consider adopting LDPC codes supporting different block size.
3 Number of essential LDPC code graphs
Considering the previous proposals of this contribution, we give following:
Proposal 3: Multiple base graphs of eMBB LDPC codes are adopted.
Alt. 3-1. Three base graphs for eMBB LDPC codes covering short block sizes targeting whole code rate, covering long block sizes targeting low code rates, or covering long block sizes targeting high code rates are adopted.
Alt. 3-2. Two base graphs for eMBB LDPC codes covering short block sizes or long block sizes are adopted.
Alt. 3-3. Two base graphs for eMBB LDPC codes targeting low code rates or high code rates are adopted.
Note that the description ‘targeting code rate is different’ in Proposal 3 does not mean that ‘covering code rate is different’. Multiple base graphs for eMBB LDPC codes need to be adopted targeting their own characteristic roles, not targeting just difference of system parameter. That is, different range coverage must be consequential and not be criterial for the code design.
Proposal 4: Range overlapping among different base graphs for eMBB LDPC codes must neither be precluded nor be forced.
4 Summary
The following summarizes the observations and proposals in this contribution.
Observation 1: Selecting lower initial code rate in a single code results smaller capability of IR HARQ retransmission.
Proposal 1: Consider adopting LDPC codes having different optimal operating code rate for higher reliability.
Proposal 2: Consider adopting LDPC codes supporting different block size.
Proposal 3: Multiple base graphs of eMBB LDPC codes are adopted to cover different block sizes or different target code rates.
Alt. 3-1. Three base graphs for eMBB LDPC codes covering short block sizes targeting whole code rate, covering long block sizes targeting low code rates, or covering long block sizes targeting high code rates are adopted.
Alt. 3-2. Two base graphs for eMBB LDPC codes covering short block sizes or long block sizes are adopted.
Alt. 3-3. Two base graphs for eMBB LDPC codes targeting low code rates or high code rates are adopted.
Proposal 4: Range overlapping among different base graphs for eMBB LDPC codes must neither be precluded nor be forced.
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