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1 Introduction
Circular buffer rate matching has been agreed as the rate matching method for downlink shared channel and uplink shared channel. Four redundancy versions are agreed to strike a balance between signalling overhead and rate matching performance. The details of circular buffer rate matching can be found in [1]. For convenience, the circular buffer rate matching is illustrated pictorially in Figure 1.
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Figure 1. Circular buffer rate matching
The starting position in the circular buffer of redundancy version i is defined as ki = (K/32(((24(i+2) for i = 0, 1, 2, and 3, where K is the code block size including tail bits. It is in general believed that 4 RV is sufficient for adequate HARQ rate matching performance ([3]). There are also attempts to improve the rate matching performance by changing the RV definition based on the allocation size of each transmission ([2]). In this contribution, we propose an alternative approach that can minimize the effective code rate achieved during HARQ operation without increasing the signalling overhead.
2 Redundancy version definition for DL-SCH
The downlink grant message that accompanies the PDSCH transmission contains the 2-bit RV. Instead of using these 2 bits for specifying the starting positions for an RV as ki = (K/32(((24(i+2) for i = 0, 1, 2, and 3, only two starting positions are specified by the MSB of i, (i/2(. In other words, ki = (K/32(((48((i/2( +2) for i = 0, 1, 2, and 3. The LSB of i, i%2, is used to indicate the direction of reading the coded bits out of the circular buffer. For example, if i%2 = 0, the coded bits are read out forwards, otherwise, the coded bits are read out backwards. Note that the effective code rate is minimized by using RV=0 and RV=1 for the first and the second transmission. In addition, all of the systematic bits are transmitted after the second transmission. Note that with 4 RVs defined, the code rate reduction can be up to 0.05 compared with the current RV definition, which can result in noticeable performance gain. 
To give an example, assuming the code block length is K, and 3K bits are transmitted in total after 2 transmissions, while the current RV definition causes fluctuation of effective code rate depending on how many bits are transmitted in the first transmission, the proposed RV definition always achieves effective code rate of 1/3, as illustrated in Figure 2.
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Figure 2. Current RV definition caused unnecessary code rate loss

3 Conclusion

In this contribution, we propose to use the MSB of the RV to indicate the starting position and the LSB of the RV to indicate the direction of pointer movement in the circular buffer. This approach minimizes the effective code rate after the 2nd transmission, and guarantees all systematic bits transmitted after the 2nd transmission.
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