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1 Introduction
In this contribution, we present rate matching and interleaver scheme for HARQ system. The following features are mainly considered.

1. The rate matching algorithm should be simple for the high speed receiver implementation.

2. The 2-step rate matching can be implemented to make easy of defining the UE categories. However, the 2-step rate matching should not complicate the receiver structure.
3. The control information for the rate matching can be easily optimized in terms of overhead information.
As a result, the rate matching and interleaver scheme is jointly considered to fulfil the above conditions.
In our preliminary simulation results, the jointly considered scheme for the rate matching and the interleaver showed better performance than the Rel’6 rate matching scheme with QPP turbo interleaver.

Finally, it is noted that there can be an additional channel interleaver for the OFDM resource mapping besides the interleaver introduced in this paper.
2 Rate Matching and Interleaver Scheme
2.1 Basic Description
In this contribution, the rate matching and interleaver are jointly considered as shown in Figure 1. Basically, we focus on the easiness of rate matching scheme, hence we interleave the data before rate matching to guarantee the evenly distributed puncturing pattern.

In Figure 1, 2-step rate matching is illustrated, but each step is not physically separated. Hence, we can call the 1st rate matching is a virtual rate matching in Figure 1 structure.

In Figure 1, the systematic part (SYS) and each party part (P1 and P2) from the turbo code are separately interleaved. By applying the same interleaving rules, the implementation complexity can be reduced. After interleaving operation, P1 and P2 are multiplexed one-by-one. As a result, the systematic information will locate in the fore part whereas the P1 and P2 are located in the later part with equal distribution. This structure will guarantee the basic requirement of rate matching algorithm even though we select each transmission data sequentially from the interleaved codeword. The basic requirement of rate matching is guaranteeing the systematic transmission for the first transmission in the HARQ transmission as well as evenly spaced puncturing for the parity bits. The evenly spaced puncturing pattern will be guaranteed by the interleaver in the Figure 1.
The actually transmitted data in Figure 1 is noted as the 2nd rate matching and HARQ transmission. Figure 1 adopts the circular buffer structure where the circulation is limited within the output of the 1st rate matching. Hence, the transmitter and the receiver can reduce the decoding buffer size from the interleaved codeword size to the 1st rate matching codeword size. 
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Figure 1. Rate matching and interleaving scheme
2.2 On the Control Information

By choosing the coded symbols to be transmitted sequentially from the interleaved codeword, we can expect efficient HARQ control scheme besides its simplicity of the implementation. If we assume the similar UE category scheme to the one in the Rel’6 specification, the virtual 1st rate matching scheme does not need additional to define its data locations. 
Since the 2nd rate matching also selects the coded symbols to be transmitted sequentially for each (re)transmission, only the starting point is needed for the receiver to try decoding.
As a result, we can easily optimize the HARQ control information.
3 Performance Comparison

In order to verify the performance of the rate matching and interleaving scheme in Figure 1, preliminary simulation results are given in Figure 2 and Figure 3.

Simulation condition

1. Modulation: QPSK

2. Channel: AWGN

3. Turbo Interleaver: QPP

4. Rate Matching Algorithms: 
A. Rel’6 and the proposed schemes

B. In each case, 1st rate matching is not considered.

5. Information Size: 

A. 1248bits for 2/3 code rate (of the first transmission)
B. 1408bits for 3/4 code rate (of the first transmission)
6. Decoding Algorithm: MAX-LOG-MAP with 0.75 feedback gain

In Figure 2 and Figure 3, BLER performances are compared for each retransmission up to three for the different code rates of 2/3 and 3/4. We can notice that the BLER performances are identical for both the rate matching scheme for the first transmission while the proposed scheme showed better performances in the case of retransmissions. Since each of scheme transmit all the systematic bits and the evenly chosen parity bits for the first transmission, they can show the same performances. However, for the retransmissions, the proposed scheme assumed the exclusive data transmission as much as possible by transmitting data from the next sequences of the previously transmitted data. However, the Rel’6 scheme is more likely to overlap the data between each retransmission. As a result, we can achieve better performance by the proposed scheme.
We also can infer from these results that the 1st rate matching scheme given in Figure 1 does not degrade the performance compared with the current Rel’6 algorithm, because Figure 2 and Figure 3 showed the same performance results in the first transmissions.
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Figure 2. BLER performance comparison (Info. size = 1248bits, 2/3 code rate)
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Figure 3. BLER performance comparison (Info. size = 1408bits, 3/4 code rate)
4 Conclusion

We presented rate matching and interleaving scheme for the LTE HARQ system. Compared with the Rel’6 rate matching scheme, the presented scheme is much simpler without loss of BLER performance, hence we believe that the presented scheme would be more adequate for the high speed LTE system.
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