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Introduction
In the RAN1#89 meeting the following agreements were reached [1]: 
Agreement:  
· For base graph #2:
· By constructive email discussion until Monday 12th June, agree a single base matrix for Alt 1a and a single base matrix for Alt 2, for evaluation and downselection until June adhoc
· Kbmax = 10 
· Design supports Kmax2 = 
· Working assumption 2560 
· 3840 can be considered further if significant benefit is shown
· The dimensions of the base matrix are 42x52
· Evaluations are to be performed up to Kmax2; primary focus for code selection is performance for K up to around 1024
Agreement:
· 1st version of set of Alt2 BG2 candidates are those sent to RAN1 by 31st May 11pm PST
· Final version of set of Alt2 BG2 candidates should be provided by 5th June 11pm PST
· Note that additional candidates can be included that were not in the first version
Summary of deadlines and process:
NxAlt2BG2 (31st May) -> 1xBG1 (1st June) 			-> 1xAlt1aBG2 (12th June)
				-> NxAlt2BG2’ (5th June) -> 1xAlt2BG2’ (12th June)

In this contribution we discuss an irregular QC LDPC code using BG2 agreed in email discussion with corresponding PCMs and lifting table. 
Description for LDPC rate matching
Single parity check (SPC) extension is a common method for LDPC to realize rate matching which is called Raptor-like structure or Nested Base graph structure. This method has been adopted by several companies in the last several meetings. It starts from a high rate LDPC core graph with dual-diagonal exponent matrix structure. To achieve lower rate, the high rate core graph is extended with one single parity check equation and one parity bit at a time.  
Proposed LDPC Design
We use Quasi-Cyclic (QC) LDPC codes with QC parity-check matrices, where each circulant is either a circulant permutation matrix (CPM) or the zero matrix. Usually a quasi-cyclic  parity-check matrix (PCM)  with  circulant row blocks,  circulant column blocks, and the circulant size  is represented in the following form:
,
where the integers  are in the range . Here we denote by   the   CPM corresponding to the right cyclic shift by  positions if  and the  zero matrix if . The integers  are the exponents and the corresponding  integer matrix   is the exponent matrix of . In what follows the QC LDPC codes and their PCMs are defined by the corresponding exponent matrices.
0. Nested QC LDPC Codes
We describe a nested family of irregular QC LDPC codes obtained from a high-rate core graph using an extension by several single parity-check codes (SPCs). 
The general structure of the corresponding exponent matrices is shown in Figure 1, where the green part corresponds to the highest rate core code and is called the core matrix and the lower white part is called the extension part. The core matrices have a dual-diagonal structure in their parity part. The full matrix with the extension part supports a low-complexity encoding. 
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Figure 1. Nested QC-LDPC code.
The number of information nodes for the base graph #2 (hereinafter BG#2) is set to =10 with maximal lift size supported Zmax=256.  BG#2 covers info block sizes K: 40 <=K<=2560 and code rates R: 1/5 <= R <= 2/3. 
In order to obtain codes with different number of information bits  and parity bits  we use the length and rate adaption scheme described in the next sections. This is achieved by using puncturing both information and parity bits, and also shortening by zero padding in the information parts of the codeword. For both base graphs for all rates we puncture symbols that correspond to the first two circulant column blocks of the PCMs as it is shown in Figure 1. These two punctured circulant columns have relatively high column weight among all the circulant columns and are called High-Weight (HW) columns. The structure of the core matrix is similar to the structure utilized in the PCMs for QC LDPC codes described in the IEEE 802.11ad™-2012 standard.
The BG2 agreed by email discussion [89-25](see Fig. 2) has the following structure: 
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Figure 2. Agreed BG2 by email discussion [89-25]

0. Lifting method, length and rate adaptation
Shortening, puncturing and lifting method are used for QC LDPC code to implement length and rate adaptation.  Suppose we have an exponent matrix  with the circulant size . Below we describe how we obtain the -code with codeword size  and information block size , where . 
For base graph BG#2 we use the offset lifting method described below to obtain several lifted versions of the exponent matrix  with the circulant size , . Such method can improve the performance with fine granularity. The lifting method consists of 3 steps:
1) For the given, select lift size  from the lifting table. One should note that all lift sizes have the following form: , . Values of Z stored in this lifting table correspond to the Kb selection rule agreed by email between the companies:
a. Select Kb based on the information block size
if (K > 640), Kb = 10;
elseif (K > 560), Kb = 9;
elseif (K > 192), Kb = 8;
else Kb = 6; end
b. Z is chosen as the minimum value in a form  satisfying Z*Kb >= K.
2) After lift size is defined, a parity check matrix  is assigned to the given information size . Here  are 8 different labelled versions of BG#2 corresponding to different values of the parameter .  
3) Shift values of the PCM for the given K are defined from the base PCM using modular lifting function:  if , and  otherwice.
Puncturing and shortening
Once we obtain the lifted exponent matrix  and the circulant size  by the method described above, we define the code with codeword size  and information block size  obtained by puncturing the bits corresponding to the first two circulant columns (see Figure 1). Let us define parameters  and . 
If , we further puncture  redundant bits starting from the end of the codeword. After applying the puncturing described above, the punctured codeword is obtained. If   we use further shortening by zero padding for the last  bits in the punctured codeword.
Proposal 1: the proposed 8 sets of PCMs for BG2 and corresponding lifting method should be adopted.  

Conclusions
This contribution describes a design of QC LDPC code for eMBB. It is shown that this design of LDPC code has good performance and supports the fine-granularity rate-matching scheme for all scenarios of eMBB channel. 
Proposal 1: the proposed 8 sets of PCMs for BG2 and corresponding lifting method should be adopted.  
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