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Introduction
In RAN1#89bis [1], the following simulation assumptions were agreed for the LDPC code:
Agreement:
· The number of RVs is 4. 
· The RVs are at fixed locations in the circular buffer
· RV#0 is self-decodable
· Working assumption (to be confirmed after selection of the BGs): The first 2Z punctured systematic bits are not entered into the circular buffer
Agreement: 
· Final parity check matrices for NR LDPC base graph #1 and #2 are agreed as in excel files R1-1711982_BG1.xlsx and R1-1711982_BG2.xlsx in R1-1711982.
In RAN#89bis we optimized the proposed LDPC codes, discussed some construction details and shown the performance of the proposed LDPC codes in [2]. 
In this contribution, we discuss the detail of Bit-level interleaving for eMBB. 

Description of the evaluate code
The evaluations are mainly performed based on the agreed simulation assumptions in [1]. Following notations are used for convenience:
1.1 Symbol description
:The number of base information bits in the nested family.
K: The number of information bits  
N: The number of transmission bits
R: Code rate  
Fd: Doppler shift  
Ts: Symbol period
	
	


The normalized Doppler shift= Fd* Ts
1.2 Simulation description
· Fading channel
· QPSK /64QAM Modulation, 
· Design code rate={2/3}, 
· Information block length(bits) ={80,320,960,1920},
· SPA decoding algorithm with 50 iterations.
· In fading channel, Fd=200, Ts=0.00005, the normalized Doppler shift=0.01.


Process of LDPC code



Figure 1: Diagram of LDPC code for eMBB

The proposed LDPC code flow chat is shown in Figure 1. For raptor-like structure, LDPC codes interleaver within one codeword is beneficial to battle against burst error caused by fast fading channel. The process of LDPC encoder, circular buffer and bit interleaver are shown in Figure 2. After the circular buffer, the code block of N transmitted bits was  permuted  by an interleaver. The corresponding deinterleaver is performed at the receiver before the LDPC decoder. 


Figure 2: The process of LDPC encoder, circular buffer and bit interleaver
If the bit interleaver is located before the circular buffer, the transmitted bits would be dispersed in the parity part. And it requires a bigger parity check matrix and higher complexity than fix the bit interleaver behind the circular buffer. 

Observation 1: Bit interleaver located behind the circular buffer will reduce decoding complexity significantly.

1.3 Interleaving within LDPC codeword


Figure 3: Bit interleaver

The proposed interleaver of LDPC code for eMBB is a kind of Row-Column permunation interleaver which is shown in Figure 3. We propose the process as follows,

The bits input to the block interleaver are denoted by , where D is the number of bits. The output bit sequence from the block interleaver is derived as follows,


(1)	Assign or constant number to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2,…,from left to right.


(2)	Determine the number of rows of the matrix, by finding minimum integer  such that:



The rows of rectangular matrix are numbered 0, 1, 2,…,from top to bottom.




(3)	If, then  dummy bits are padded such that yk = <NULL> for k = 0, 1,…, ND - 1.  Then, , k = 0, 1,…, D-1, and the bit sequence yk is written into the matrix row by row starting with bit y0 in column 0 of row 0:




For and:


(4)	If needed we can perform the inter-column permutation for the matrix based on the pattern, where P(j) is the original column position of the j-th permuted column. After permutation of the columns, the inter-column permuted matrix is equal to

 







(5)	The output of the block interleaver is the bit sequence read out column by column from the inter-column permuted matrix. The bits after sub-block interleaving are denoted by, where  corresponds to, to… and.

For:


(4) The output of the sub-block interleaver is denoted by, where  and where


For Column=128,the P={ 0, 64, 32, 96, 16, 80, 48, 112, 8, 72, 40, 104, 24, 88, 56, 120, 4, 68, 36, 100, 20, 84, 52, 116, 12, 76, 44, 108, 28, 92, 60, 124, 2, 66, 34, 98, 18, 82, 50, 114, 10, 74, 42, 106, 26, 90, 58, 122, 6, 70, 38, 102, 22, 86, 54, 118, 14, 78, 46, 110, 30, 94, 62, 126, 1, 65, 33, 97, 17, 81, 49, 113, 9, 73, 41, 105, 25, 89, 57, 121, 5, 69, 37, 101, 21, 85, 53, 117, 13, 77, 45, 109, 29, 93, 61, 125, 3, 67, 35, 99, 19, 83, 51, 115, 11, 75, 43, 107, 27, 91, 59, 123, 7, 71, 39, 103, 23, 87, 55, 119, 15, 79, 47, 111, 31, 95, 63, 127}
For Column=64,the P={ 0, 32, 16, 48, 8, 40, 24, 56, 4, 36, 20, 52, 12, 44, 28, 60, 2, 34, 18, 50, 10, 42, 26, 58, 6, 38, 22, 54, 14, 46, 30, 62, 1, 33, 17, 49, 9, 41, 25, 57, 5, 37, 21, 53, 13, 45, 29, 61, 3, 35, 19, 51, 11, 43, 27, 59, 7, 39, 23, 55, 15, 47, 31, 63 }
For Column=32,the P={ 0, 16, 8, 24, 4, 20, 12, 28, 2, 18, 10, 26, 6, 22, 14, 30, 1, 17, 9, 25, 5, 21, 13, 29, 3, 19, 11, 27, 7, 23, 15, 31 }

Evaluation on Performance
· K=80 bits
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Figure 4: The performance of proposed LDPC with K=80bits, R=2/3, QPSK/64QAM modulation in fading channel.
· K=320 bits
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Figure 5: The performance of proposed LDPC with K=320 bits, R=2/3, QPSK/64QAM modulation in fading channel.
· K=960 bits
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Figure 5: The performance of proposed LDPC with K=960 bits, R=2/3, QPSK/64QAM modulation in fading channel.
· K=1920 bits
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Figure 5：The performance of proposed LDPC with K=1920 bits, R=2/3, QPSK modulation in fading channel.

Observation 2: The LTE bit interleaver is efficient to combat burst error of fading channel.
Proposal 1: The bit interleaver should be adopted for eMBB data channel.
Conclusions
In this contribution, we discuss the Bit-level interleaving for eMBB. The above discussion is summarized with following observations and proposals:
Observation 1: Bit interleaver located behind the circular buffer will reduce decoding complexity significantly.
Observation 2: The LTE bit interleaver is efficient to combat burst error of fading channel.
Proposal 1: The bit interleaver should be adopted for eMBB data channel.
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