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Introduction
In RAN1#90 [1], the following simulation assumptions were agreed for the Bit-level interleaving:
Agreement: 
1. A bit-level interleaver within a code block is included at the output of the rate matcher
Next steps for interleaver design:
Evaluate the following based on initial transmissions, until NR AH#3, and select one at NR AH#3:
1. Block interleaver (e.g. as in LTE)
1. Systematic bits priority order interleaver (e.g. as in HSPA)
Evaluation assumptions:
1. Fading channel model – TDL-C
1. All modulation orders
1. Interference modelled 

FFS until NR AH#3 whether to additionally include reversal of bit mapping order in retransmissions.
In RAN#90 we discuss the detail of Bit-level interleaver for eMBB in [2]. 
In this contribution, we discuss the Bit-level interleaver design for eMBB data channel. 

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  
1.2 Simulation description
· Fading channel
· QPSK /64QAM Modulation, 
· Design code rate={1/2, 2/3}, 
· Information block length(bits) ={512, 1024, 2048, 4096},
· SPA decoding algorithm with 50 iterations.


Process of LDPC code

1.3 LTE and LTE-Like Interleaver within LDPC codeword


Figure 1: LTE-Like interleaver

The proposed interleaver of LDPC code for eMBB is a kind of LTE(column=32) and LTE-Like(column= 64 or 128) 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


Table 1: The inter-column permutation pattern for different column numbers
	Column
	inter-column permutation pattern

	32
	{ 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 }

	64
	{ 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 }

	128
	{ 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}



1.4 HSPA Interleaver within LDPC codeword


Figure 2: HSPA interleaver




The proposed HSPA-like interleaver in [3] provides randomization of block errors for higher order modulation as shown in Figure 2 to minimize the errors of modulated bits while unequal amplitude of demodulated LLRs for 16QAM / 64QAM / 256QAM is performed at decoder.  Similar to LTE-Like interleaver, the proposed HSPA-like interleaver is a kind of Row-Column interleaver which is equal to (M is the order of  modulation) and  is equal to the 。The bits in the first section of code word are mapped in the head of the QAM symbols which have largest amplitude with highest reliability. For low order modulation and retransmission scenario, the proposed HSPA interleaver needs to be further studied.

Evaluation on Performance
· K=512 bits
[image: ][image: ]
(R=1/2, QPSK)                                                                (R=1/2, 64QAM)
[image: ][image: ]
(R=2/3, QPSK)                                                                   (R=2/3, 64QAM)
Figure 3: The performance of proposed LDPC with K=512bits, R=1/2, 2/3, QPSK/64QAM modulation in fading channel.
· K=1024 bits
[image: ][image: ]
(R=1/2, QPSK)                                                                (R=1/2, 64QAM)
[image: ][image: ]
(R=2/3, QPSK)                                                                   (R=2/3, 64QAM)
Figure 4: The performance of proposed LDPC with K=1024 bits, R=1/2, 2/3, QPSK/64QAM modulation in fading channel.
· K=2048 bits
[image: ][image: ]
(R=1/2, QPSK)                                                                (R=1/2, 64QAM)
[image: ][image: ]
(R=2/3, QPSK)                                                                   (R=2/3, 64QAM)
Figure 5: The performance of proposed LDPC with K=2048 bits, R=1/2, 2/3, QPSK/64QAM modulation in fading channel.
[bookmark: _GoBack]
Observation 1: The LTE or LTE-Like interleaver is efficient to combat burst error of fading channel.
Proposal 1: The LTE or LTE-Like bit interleaver should be adopted for eMBB data channel.
Conclusions
In this contribution, we discuss the Bit-level interleaver for eMBB data channel. The above discussion is summarized with following observations and proposals:
Observation 1: The LTE or LTE-Like interleaver is efficient to combat burst error of fading channel.
Proposal 1: The LTE or LTE-Like bit interleaver should be adopted for eMBB data channel.
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