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Introduction
In the RAN1 January Ad Hoc meeting, the following agreement on the rate matching for LDPC codes has been achieved [1]:
	Agreement: 
· Built-in puncturing of systematic bits is supported for LDPC coding, that is:
· At least for the initial transmission, the coded bits are taken after skipping the first Nsys,punct  systematic bits 
· Nsys,punct is selected from: 0, Z, and 2*Z
· The rate matching for LDPC code is circular buffer based (same concept as in LTE)
· The circular buffer is filled with an ordered sequence of systematic bits and parity bits
· FFS: Order of the bits in the circular buffer
· For IR-HARQ, each Redundancy Version (RV), RVi,  is assigned a starting bit location Si on the circular buffer
· For IR retransmission of RVi, the coded bits are read out sequentially from the circular buffer, starting with the bit location Si
· Limited buffer rate matching (LBRM) is supported




Then in the RAN1 June Ad Hoc meeting, the following agreement on the redundancy version (RV) for HARQ retransmission has been reached [2]:  
	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




It has been agreed that the overall rate matching procedure for LDPC codes is derived based on a virtual circular buffer. After that, some of parameters for RV also have been determined. From the above agreements on the rate matching, NR HARQ would be composed of the following both schemes:
1) Incremental redundancy HARQ (IR-HARQ) 
2) Chase combining HARQ (CC-HARQ)  
In this contribution, we introduce a technique to improve the performance of CC-HARQ by increasing the combining gain. 


Symbol Mapping Diversity for CC-HARQ
Whenever receiver feedbacks a NACK response for requesting retransmission, a portion of bits stored in the circular buffer would be transmitted so that the combined packet can be decoded in the receiver side. Since the agreed minimum code rates for base graph 1 (BG1) and base graph 2 (BG2) are 1/3 and 1/5, respectively, we cannot avoid that some bits in the circular buffer are repeatedly transmitted. When some bits in the circular buffer are received more than once, receiver can combine their received values in order to improve their reliability. According to the transport block processing, code bits extracted from the circular buffer are mapped into 22m-QAM signal constellation and then transmitted. For example, Figure 1 depicts a 16-QAM signal constellation based on Gray mapping. 
[image: ]
Figure 1	Gray-mapped signal constellation for 16-QAM 
There have been several studies on improving the combining gain of CC-HARQ, and the followings are representative approaches:
1) Constellation diversity scheme: when a bit is first transmitted as a least significant bit (LSB), then it would be retransmitted as a most significant bit (MSB) and vice versa.
2) Symbol mapping diversity scheme: when bits are first transmitted with a Gray-mapped signal constellation, then they would be retransmitted with another signal constellation mapping [3].  

When channel coding scheme is combined with high-order modulation, its coded bits may suffer from unequal error protection induced by the difference of the reliability at m bit positions in Gray-mapped 22m-QAM. It is because the overall channel may be decomposed into m equivalent binary-input channels and the code bits may be regarded as to be transmitted through these equivalent binary-input channels. Constellation diversity scheme tries to make a bit go through different equivalent binary-input channels at each transmission in order to average bit reliability over all transmitted bits. In this regard, the constellation diversity scheme may be classified as a bit-level scheme to improve the combining gain of CC-HARQ. 
Symbol mapping diversity (SMD) scheme, however, is a kind of symbol-level scheme to improve the combining gain of CC-HARQ. When SMD is employed, different constellation mappings are used for multiple transmissions in order to enhance the diversity across transmissions. Figure 2 represents an exemplary mappings for SMD with 16-QAM over AWGN channels. In Figure 2, the mappings for multiple transmissions are vertically listed in ascending order. It is easily confirmed that a Gray-mapped 16-QAM constellation is used for the first transmission but non-Gary-mapped constellations are used for the subsequent transmissions. In SMD scheme, the receiver calculates LLR values based on a joint ML demapper, and therefore a series of mappings are optimized to maximize the squared Euclidean distance between the mapped symbols across the multiple transmissions [3]. Figure 3 presents the performance of CC-HARQ employing SMD (represented as Map. Div.), as compared with that employing Gray-mapped signal constellation (represented as ML Comb.). In Figure 3, BER upper bound of SMD for multiple transmission with 16-QAM substantially outperforms that of Gray-mapped signal constellation.  
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Figure 2	16-QAM constellation mappings for symbol mapping diversity scheme [3]
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Figure 3	BER upper bounds of M-th transmission with Gray mapping and that with SMD [3]

Observation 1: Performance of CC-HARQ can be substantially improved by employing symbol mapping diversity. 

Observation and Proposal
From the above discussion on the symbol mapping diversity for CC-HARQ, we present the following observation and proposal:

Observation 1: Performance of CC-HARQ can be substantially improved by employing symbol mapping diversity. 
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