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1	Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]In RAN1 #85 and #86 meetings, LDPC designs for eMBB were discussed, and many companies proposed LDPC to accept as the main coding scheme of eMBB. Considering error performance and implementation efficiency requirements of NR, LDPC seems to be the only candidate capable of fulling the requirements. Moreover, the following agreement was made in Ran1 #85 meeting particular to LDPC codes [1]: 
Agreement:
· For the purpose of study and comparisons, quasi-cyclic like LDPC codes  are defined as follows: 
· The Parity check matrix of Quasi-cyclic like LDPC Codes is defined at least by a matrix H of size (mb×z)×(nb×z), which consists of sub-block matrices of size z×z,  where each sub-block matrix is composed by circularly shifted matrices or zero matrices. Wherein, mb, nb and z are integers larger than 1.
· The values of mb, nb and z are FFS. 
· Companies providing evaluations or proposals for LDPC codes are encouraged to show how:
· Multiple code rates and multiple code sizes would be supported, 
· Suitable granularity of information block size and code rate would be supported,
· How to support HARQ with/without IR.

Moreover, the following agreement was made in Ran1 #86 on HARQ schemes to be supported in NR:
Agreement:
· Channel coding technique(s) designed for data channels of NR support both Incremental Redundancy (IR) (or similar) and Chase Combining (CC) HARQ

In HARQ design, incremental redundancy (IR) will provide more spectrum efficiency gain than chase combining (CC). In this contribution, we propose two schemes for IR HARQ of LDPC design for eMBB. 
2	Discussion
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Many ways can be used to design the IR HARQ for LDPC, where incremental information capable of improving the performance of the retransmission. In this contribution, we discuss two methods: named as rate-compatible PCM and overlapped PCM, respectively.  
2.1		Rate compatible PCM
2.1.1 Overview
In literature, various methods on rate compatible PCMs have been studied in order to support IR HARQ for LDPC. In here, we propose implementation friendly rate compatible PCM, which the base PCM is divided into several parts as shown in Figure 1. The parts shown in red are used for 1st transmission, with a higher code rate, where the parts in blue are used for 2nd transmission, with a lower code rate. In this type of design, incremental parity bits can be generated based on the information bits. The received bits after retransmission will include information bits, parity bits from 1st transmission and parity bits from retransmission, which can be seen and decoded as a code with lower code rate. 


Figure 1: Rate-compatible PCM for IR HARQ 

2.1.2	IR HARQ design with high implementation efficiency
As discussed in [2], construction of PCMs used in LDPC should consider performance, complexity, implementation efficiency, and latency aspects. There, we proposed PCMs for the first transmission as Type 1 coding scheme [2]. In here, an approach is proposed to reuse the same PCM for the second transmission by converting it into a lower code rate PCM. 
For high implementation efficiency, it is preferred the implementation for 1st transmission can be partially or entirely reused in the implementation for retransmission. Based on this motivation, the best way to design the part in PCM for retransmission, e.g. A in Figure 1, is to generate based on a simple modification of the part for 1st transmission, e.g. D in Figure 1. A simple reuse of D as A will generate lots of cycle 4 in the corresponding Tanner graph. Therefore, some modifications should be done to generate the part in PCM for retransmission, e.g. inter-block cyclic shift can be used to guarantee the whole part of the PCM, where cyclic shift providing girth profile with less small cycles can be selected. 
Based on the above processing, in rate compatible design, information part for retransmission in PCM can be generated according to Figure 2.


Figure 2 Generating of retransmission part of the PCM

Actually, the generation of information part in PCM for retransmission can be generated by simple modification based on any optimized PCM, e.g. PCMs in multiple families in [2]. 
As one option, the sparseness of the PCM part for retransmission can be performed, to reduce the complexity of the whole PCM to the level similar to the corresponding code rate.
Benefits
Based on this design, if the PCM for 1st transmission is a capable to provide high implementation efficiency and good performance, then
· The implementation efficiency of part A is quite similar to the reused PCM part.
· The ratio of the small cycles and the density distribution in part A can be similar to that in the reused PCM part, which will be the main points to impact the performance.
Thus, all the requirements for NR can also be easily satisfied. Additionally, optimization for IR HARQ is simple.
Apparently, study effort will be significantly reduced comparing to the case all PCM are newly generated for IR HARQ of LDPC. 
As an example, when 1st transmission is code rate 2/3 with PCM as in [2], the rate compatible PCM can be generated based on the above results, as in Figure 3, where the information part for 1st transmission is sparsed and cyclic shifted to left for 9 blocks. From the evaluation, it can be seen a significant gain can be achieved based on the PCM generated based on simply copy and cyclic shift.
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Figure 3 : Generated PCM based on reusing and simple modification, and the evaluation results

Proposal 1: In rate compatible design for IR HARQ, it is preferred PCM for 1st transmission to be reused to generate the retransmission part in the rate compatible PCM for IR HARQ. 
· Simple processing can be done, e.g. inter-block cyclic shift can be used to optimize the girth profile
· Sparseness can be used to reduce the complexity to the level similar to the corresponding code rate.

2.2		Overlapped PCM

Another way to add incremental information is transmitting new parity bits according to overlapped PCM instead of extending the original PCM. The overlapped PCM is generated by adding multiple weight overlaps to primary used PCM (Figure 4) to turn it into “weight 2” PCM (Figure 5). IR bits comes by varying the overlapped weight between IR stages. A new set of parity bits is obtained to be sent to receiving side to aid the initial codeword decoding. Depending on the places of overlaps full or partial set of new parity bits can be obtained compared to initial party bits, therefore allowing to adapt the amount of retransmission bits according to available retransmission resources.
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Figure 4. Wi-Fi type base PCM example.
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Figure 4: Wi-Fi type PCM with weight “2” overlap.
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Figure 5: Example of “weight 2” protograph.

The general data flow is that in the initial transmission data bits are encoded with “weight 1” PCM, and any PCM can be used for the first transmission.  If the first transmission fails and retransmission is required, “weight 2” overlaps are added to original PCM, making the base matrix look similar to PCM in Figure 4 with the “weight 2” protographs having two nonzero diagonals as shown in Figure 5. The addition of second diagonals increases the per column weight, therefore, densifying the matrix and providing a new set of parity bits with the same length as parity bit length in original PCM. Depending on the overlap placement, some parity bits will not change. Thus they can be excluded from retransmission or chase combined at the receiver. The receiver uses soft data bits from initial decoding stage together with new (or combined, for bits that don't change) set of parity bits obtained from retransmission for next attempt of data bit decoding. Various HARQ stages can use various “weight 2” overlaps or event “weight 3 or more” overlaps to obtain the needed set of parity bits for retransmission. Weights are mainly placed based on the initial PCM evaluation to modify the initially formed stopping sets, therefore, increasing the successful decoding possibility in subsequent HARQ stages.
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Figure 6: General data flow using “weight 2” PCM.
Figure 7 shows simulation results when Wi-Max LDPC code is used for the first transmission and weight "2" modification is used for the second transmission. Frame error rate (or block error rate, as one frame consists of only one block in this case) after initial transmission (blue) and after first HARQ stage (orange and green) are shown. FER from first retransmission in orange color comes from chase combining retransmission where only the parity bits is resent and combined at the receiver. FER from first retransmission in green color comes from retransmission where overlap matrix are used on top of initial “weight 1” PCM and the new set of parity bits is sent to the receiver and used for 1st stage HARQ decoding. Region “1” in Figure 7 marks the difference between in FER between the HARQ retransmission attempts showing that modified PCM with “weight 2” overlaps outperform (in terms of FER per SNR point) the ordinary chase combining HARQ schematics. For this exact example base matrix with code rate ¾ and the block length of 2304 bits were used. With the weight overlaps, average information bit node degree increased by one, while average check node degree increased by three.
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Figure 7. Error performance for retransmission with weight “2” 
Proposal 2: Overlapped PCM shall be studied in IR HARQ for LDPC, e.g. use PCM with weight greater than “1” for IR HARQ in some or all IR HARQ stages.

3	Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss the two candidate schemes for IR HARQ of LDPC design for eMBB. The proposals are, 
[bookmark: _GoBack]Proposal 1: In rate compatible design for IR HARQ, it is preferred PCM for 1st transmission to be reused to generate the retransmission part in the rate compatible PCM for IR HARQ. 
· Simple processing can be done, e.g. inter-block cyclic shift can be used to optimize the girth profile
· Sparseness can be used to reduce the complexity to the level similar to the corresponding code rate.
Proposal 2: Overlapped PCM shall be studied in IR HARQ for LDPC, e.g. use PCM with weight greater than “1” for IR HARQ in some or all IR HARQ stages.
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