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1 	Introduction
In RAN1 #89 meeting, the following agreements and conclusions were made on interleaving [1]. 
Agreement: 
· If bit-level interleaving is applied, it should be limited to each code block individually
Next steps: 
· Evaluation of bit-level interleaving and decision on its adoption will take place in the channel coding session. 
· If adopted, decide the location of bit-level interleaving relative to circular buffer. 

In 3GPP RAN1 #88bis meeting, the following working assumption was made for LDPC base graph design [2].
Working Assumption: 
· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined is {8448, 384} => Kbmax = 22
· To be confirmed automatically at RAN1#89 if no significant implementation or performance issues are identified. 
· The base graph supporting Kmax should support the following set of shift sizes Z, where :
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· FFS by RAN1#89 whether some values can removed from the above table. 
· FFS by RAN1#89 whether some of {272, 304, 336, 368} can be added to the above table. 
Based on these conclusions and agreements, we share our views on bit-level interleaving design for eMBB data in this contribution.
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In LTE system, three sub-block interleavers are used independently for information bits and checking bits, which are designed based on 1/3 mother code [3]. Fig.1 gives the illustration, where  denotes the information bits,  denotes the first and second checking bits and they are all from the output of rate 1/3 Turbo encoder.  matrix is used for the interleaver for both information bits and checking bits. 
The procedure in detail is as follows: 
1. Encoded bits are written row by row;
2. Permutation is made between columns to guarantee the interleaving depth and uniform puncture; 
3. Permuted bits are read column by column; 
4. The bits from interleavers are made collection and rate matching, where they are arranged by first with information bit part, second with the first check bit part and last with second check bit part.


Fig.1 Sub-block interleaver in LTE
Observation 1: Independent sub-block interleavers are used for information bits and check bits. 
3.    Bit-level interleaving design
Similar to LTE system, independent interleaving for information and checking bits can be reused. It has the following benefits: 
1. The same interleaving depth can be designed for information bits and check bits for all the code rates. This is beneficial for achieving robust performance; 
2. It will be beneficial for realization when different priority is put for checking and information bits in the case of rate matching including puncture and repetition. 
Unlike in Turbo encoding, LDPC does not provide three different outputs and no clear motivation to adopt the three sub-block interleavers, where two sub-block interleavers are enough for LDPC link. The two sub-block interleavers can be one for information bits and another for check bits.
Proposal 1: For LDPC coding chain, 2 independent interleavers are used for information bits and check bits, respectively.
In LTE, rate 1/3 mother code is used for Turbo encoding. In 5G NR, rate compatible PCM is used for LDPC encoding. For different information bit number and code rates, different PCMs are used for generating the information bits and checking bits. To guarantee uniform interleaving, the design parameter for PCM can be considered for the interleaving matrix design. In detail, shift size and block size can be used for interleaving matrix design. Since both information and check bit number will be multiple of lifting factor, one simple scheme is using lifting factor as column number of interleaving matrix. With this scheme, uniform interleaving can be achieved for the bits in each variable node of base graph.
Proposal 2: PCM design parameter, e.g. lifting factor, can be considered for the interleaving matrix design.
Similar to LTE, row-column interleaver can be reused for its simple implementation, where the input bits are written row by row and read column by column. The input bits for the interleaver are encoded bits after puncturing two columns of system bits. The dimension of interleaving matrix is  for information bits and  for checking bits, where N, (N-K) are column number and row number of base graph matrix, respectively; Z is lifting factor; 2 is punctured column number used for LDPC encoding. Here the column number is Z, which is different from fixed value, i.e. 32, in LTE system. As an example shown in the Fig.2, the dimension are  and  for information bits and check bits, respectively, when information block size is 330 bits with shift network size Z=15; the dimension is 20x15 and 24x15 for information bits and check bits, respectively, when information bit number is 330 with Z=15 and code rate is 1/2. 
Proposal 3: Row-column interleaver can be reused for its simple implementation. The dimension of interleaver matrix is relative to PCM design parameter, where the column of the matrix can be Z and not a fixed value, e.g. 32.
For in Incremental Redundancy Hybrid automatic repeat request (IR-HARQ), additional retransmitted bits are obtained by rate matching in the circular buffer. With rate compatible designed PCM, the circular buffer can be generated with a concatenation of information bits and check bits, where the check bits may come from multiple transmissions. For the check bits in retransmission for generating soft buffer, it also needs to use row-column interleaver, where the dimension of interleaving matrix is . C can be determined by the difference between the row number of PCM for the previous transmission and that of PCM for combined previous and current transmission. The interleaved retransmit bits can be put in the circular buffer with concatenation with the check bits in the circular buffer. 
Following the same example in Fig.2, PCM with dimension is used for the encoding of the first transmission, and PCM with dimension  is used for the encoding of combined first and second transmission. Thus, interleaving matrix with dimension  matrix is used for the encoded bits of the second transmission. In the circular buffer, interleaved bits of the second transmission are concatenated with the checking bits in the first transmission. 
Proposal 4: Bit level interleaving is made before bit collection and generation of a circular buffer. 



Fig.2 Illustration for PCM specific interleaving in one CB

4 	Conclusions
Based on above discussion. We also make the following observations and proposals:
Observation 1: Independent sub-block interleaver is used for information bits and check bits.
Proposal 1: For LDPC coding chain, 2 independent interleavers are used for information bits and check bits, respectively.
Proposal 2: PCM design parameter, e.g. lifting factor, can be considered for the interleaving matrix design.
[bookmark: _GoBack]Proposal 3: Row-column interleaver can be reused for its simple implementation. The dimension of interleaver matrix is relative to PCM design parameter, where the column of the matrix can be Z and not a fixed value, e.g. 32
Proposal 4: Bit level interleaving is made before bit collection and generation of a circular buffer. 
 References
[1] 3GPP RAN1 #89 Chairman Notes.
[2] 3GPP RAN1 #88bis Chairman Notes.
[3] TS 36.212 C60, section 5.1.4, 3GPP.
image1.emf
Sub-block 

interleaver

Sub-block 

interleaver

Sub-block 

interleaver

Bit 

collection

virtual circular

 buffer

Bit selection 

and pruning

)0(

k

d

)1(

k

d

)2(

k

d

k

e

)0(

k

v

)1(

k

v

)2(

k

v

k

w


oleObject1.bin
Sub-block interleaver


Sub-block interleaver


Sub-block interleaver


Bit collection


Bit selection and pruning


virtual circular  buffer



image2.emf
Z=15 (example)

K=22

N-K=5

Row column interleaver for 

information bits

Row column interleaver 

for checking bits

Interleaving results for information bits

Reading the interleaver column by column

Interleaving results for checking bits

Reading the interleaver column by column

Interleaver size is 20x15

Interleaver size is 5x15

N’-K’=8

Row column interleaver 

for retransmission

Interleaver size is 8 x15

Circular buffer size with concatenate LLR 

for interleaved bit in the first transmission 

and that in the second transmission 


oleObject2.bin
Z=15 (example)


K=22


N-K=5


Row column interleaver for information bits


Row column interleaver 
for checking bits


Interleaving results for information bits
Reading the interleaver column by column


Interleaving results for checking bits
Reading the interleaver column by column


Interleaver size is 20x15


Interleaver size is 5x15


N’-K’=8


Row column interleaver 
for retransmission


Interleaver size is 8 x15


Circular buffer size with concatenate LLR for interleaved bit in the first transmission and that in the second transmission 



