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Introduction
[bookmark: OLE_LINK9]At 3GPP RAN1 NR Ad-Hoc#2 meetings, the following has been agreed for eMBB channel coding [1].
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
This contribution discusses the IR-HARQ scheme for eMBB LDPC codes.
Discussion
2.1 IR-HARQ scheme for LDPC codes
To achieve low implementation complexity, LDPC encoding should be based on H matrix with lowest coding rate which is 1/3 for BG#1 and 1/5 for BG#2. All of the encoded bits are entered into the circular buffer except the first 2Z punctured systematic bits


Figure 1: circular buffer
Proposal 1: LDPC encoding should be based on H matrix with lowest coding rate and all of the encoded bits are entered into the circular buffer except the built in punctured systematic bits.
We propose two IR-HARQ schemes with the starting positions of each retransmission fixed in the following, 
(1)Scheme 1 (static fixation)




For IR-HARQ, each Redundancy Version (RV), (), is assigned a starting bit location  on the circular buffer.  We choose the starting bit position  from the following expression:




       
(a)Alternative 1                   (b) Alternative 2
Figure 2: static fixed in the circular buffer

is the length of the circular buffer. 
Here, we give two RV orders :[0,1,2,3] and [0,2,3,1], as is shown in Figure 2
We propose two schemes with the starting positions of each retransmission fixed in the following,
Example 1 (BG1 kb=22 Z=6)
➣Alt 1


Figure 3: IR-HARQ scheme of LDPC codes (BG1, static fixed alternative1)
The IR-HARQ transmission scheme for LDPC code with maximum 4 retransmissions is illustrated in Figure 3. RV order is [0, 1, 2, 3] .The details are as follows. 
(1) 
In the first transmission, the block of length N is transmitted from the location of. The length of the information bits is K and the code rate is R;
(2) 
In the second transmission, parity bits of length N are generated and transmitted from the location of.  
(3) 

In the third transmission, retransmission starting point shifts to right by lengthfrom the location of. 
(4) 

In the fourth transmission, retransmission starting point shifts to right by lengthfrom the location of. Then the remaining parity bits and some information bits are transmitted. Note that we bypass the punctured bits in this retransmission. The block length is N.
Note that: At the receiver, the current LLRs can be combined with the former LLRs. The combined soft bits are delivered to the decoder as a soft input for iterative decoding.

➣Alt 2

 
Figure 4: IR-HARQ scheme of LDPC codes (BG1, static fixed alternative2)
The IR-HARQ transmission scheme for LDPC code with maximum 4 retransmissions is illustrated in Figure 3. RV order is [0, 2, 3, 1] .The details are as follows. 
(1) 
In the first transmission, the block of length N is transmitted from the location of. The length of the information bits is K and the code rate is R;
(2) 
In the second transmission, parity bits of length N are generated and transmitted from the location of.  
(3) 

In the third transmission, retransmission starting point shifts to right by lengthfrom the location of. 
(4) 
In the fourth transmission, the block of length N is transmitted from the location of.

Example 2 (BG2 kb=10 Z=72)
➣Alt 1


Figure 5: IR-HARQ scheme of LDPC codes (BG2, static fixed alternative 1)
The second example of IR-HARQ transmission scheme for LDPC code is given in figure 5, the RV order is [0,1,2,3]. The details are similar to alternative 1 in example 1. 
➣Alt 2


Figure 6: IR-HARQ scheme of LDPC codes (BG2, static fixed alternative 2)
The IR-HARQ transmission scheme for LDPC code with maximum 4 retransmissions is illustrated in Figure 6. RV order is [0, 2, 3, 1]. The details are similar to alternative 2 in example 1. 
 (2)Scheme 2(Dynamic fixation)




For IR-HARQ, each Redundancy Version (RV), (), is assigned a starting bit location  on the circular buffer. We choose the starting bit position  from the following expression:




Where is the length of information bits, is the code rate of the first transmission. 

 
Figure 7: Dynamic fixed in the circular buffer

Note that: Once the first transmission rate is confirmed, the starting bit position of retransmission can be calculated from this expression, and the RV order could be [0, 1, 2, 3]. So this is a dynamic fixation scheme
We propose two examples of this scheme in the following,  
Example 1 (BG1 kb=22 Z=6)


Figure 8: IR-HARQ scheme of LDPC codes (BG1, Dynamic fixation)
This IR-HARQ scheme of LDPC code with maximum 4 retransmissions is illustrated in Figure 8. The details are as follows. 
(1) 

In the first transmission, the block of length N is transmitted from the location of. The length of the information bits is K and the code rate is ;
(2) 

In the second transmission, parity bits of length N are generated and transmitted from the location of.  The effective code rate after combining is ;
(3) 


[bookmark: OLE_LINK12]In the third transmission, retransmission starting point shifts to right by lengthfrom the location of. The effective code rate after combining is ;
(4) 


In the fourth transmission, retransmission starting point shifts to right by lengthfrom the location of. The block length is N. The effective code rate after combining is 
Example 2 (BG2 kb=10 Z=72)


Figure 9: IR-HARQ scheme of LDPC codes (BG2, Dynamic fixation)
This IR-HARQ scheme of LDPC code with maximum 4 retransmissions is illustrated in Figure 9. The details are as follows. The details are similar to example 1
➣simulation result

[image: ]
Figure 10: Performance comparison between scheme 1 and 2 (BG1 Kb=22, Z=6, 1Tx code rate R=8/9, QPSK   modulation)
[bookmark: _GoBack][image: ]
Figure 11: Performance comparison between scheme 1 and 2 (BG2 Kb=10, Z=72, 1Tx code rate R=2/3 QPSK modulation)
As shown in Figures 10 and Figure 11, results show that scheme 2(dynamic fixation) outperform scheme 1(static order 0 1 2 3 and static order 0 2 3 1) after IR combining. 
Observation 1: Dynamic fixation scheme has better IR-HARQ performance than static fixation scheme with RV order [1 2 3 4] and [0, 2, 3, 1].
Proposal 2: For dynamic fixation scheme, RV order should be [0, 1, 2, 3].
Note that: For static fixation scheme, RV order 1 [0, 2, 3, 1] has better performance than RV order 2 [0, 1, 2, 3].  The decoding matrix and soft buffer size for RV order 1[0,2,3,1] are much larger than those of RV order 2[0,1,2,3] at 2nd and 3rd IR-combining.  It is clear that the RV order 1 [0,2,3,1] has higher decoding complexity than order 2 [0,1,2,3].
Observation 2：Dynamic fixation scheme with RV order [0, 1, 2, 3] has lower decoding complexity and latency than that of static fixation scheme with RV order [0, 2, 3, 1]. 
As dynamic fixation scheme with RV order [0, 1, 2, 3] has better performance and lower decoding complexity and latency but slight large soft buffer size.  Dynamic fixation scheme should be considered as IR-HARQ scheme for NR LDPC codes.
Proposal 3: Dynamic fixation IR-HARQ scheme should be considered for NR LDPC codes.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Conclusion 
The results show that the LDPC codes with built-in puncturing columns, scheme 2(dynamic fixation) outperform the scheme 1(static fixation).
Observation 1: Dynamic fixation scheme has better IR-HARQ performance than static fixation scheme with RV order [1 2 3 4] and [0, 2, 3, 1].
Observation 2：Dynamic fixation scheme with RV order [0, 1, 2, 3] has lower decoding complexity and latency than that of static fixation scheme with RV order [0, 2, 3, 1].  
Proposal 1: LDPC encoding should be based on H matrix with lowest coding rate and all of the encoded bits are entered into the circular buffer except the built in punctured systematic bits.
Proposal 2: For dynamic fixation scheme, RV order should be [0, 1, 2, 3].
Proposal 3: Dynamic fixation IR-HARQ scheme should be considered for NR LDPC codes.
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