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Summary

New HARQ method utilizing bit rearrangement is presented in this contribution, where the inter-symbol rearrangement is utilized for retransmission and the soft combining is employed at the receiver to combine the received symbols to gain the constellation diversity and the frequency diversity to improve the error performance. The proposed methods have shown significant gain over the conventional HARQ schemes specified in IEEE 802.16. It is proposed to adopt the technique in the IEEE 802.16m SDD HARQ section for further investigation.
Proposed SDD Text

-----------------------------Begin Proposed Text ----------------------------------------------------------------------

X. HARQ

A HARQ method with bit rearrangement for 16-QAM and 64‑QAM modulation shall be used. 
---------------------------End of Text Proposal ---------------------------------------------------------------------
1. Introduction

HARQ (Hybrid Automatic Repetition Request) is a popular technique for communication systems. When receiver cannot decode a data packet, it would feedback the NACK signal to request transmitter to retransmit this packet till the packet can be decoded correctly or the allowed number of transmissions is achieved. CC (Chase Combining) and IR (Incremental Redundancy) are two well-known HARQ techniques and both are adopted in the IEEE 802.16. The coded bits after the encoder would be punctured to form several smaller subpackets by the code rate. When the turbo code is used, the first subpacket transmitted includes the systematic part of coded bits. The coded bits of each subpacket may include the systematic bits or the parity bits. When adopting CC-HARQ, the same subpacket is transmitted for each transmission; when adopting IR-HARQ, different subpackets may be chosen for each transmission.

The modulator maps several bits into a symbol of some constellation, for example, in the 16QAM modulation, four bits are mapped into a symbol. At the receiver the demodulator calculates the bit reliabilities. The coded bits have different levels of reliabilities. If the same constellation is adopted for each retransmission, the bits are mapped into the same position. Thus, the bits of low reliabilities always obtain the low ones, so do the bits of high reliabilities. In 2001 Panasonic proposed the constellation rearrangement method and 16QAM and 64QAM constellations suitable for HSDPA to averaging each bit’s reliability to improve the system performance by changing the constellation for each retransmission [1] Due to the Gray-mapped constellation, we can rearrange bits before the modulation and utilize the same constellation to obtain the same effect of constellation rearrangement. In other words, the constellation rearrangement can be replaced by the bit rearrangement and therefore only one set of modulator and demodulator is needed. The coded bits are rearranged before the modulator according to the specified order and the bit reliabilities are rearranged inversely after the demodulator.

However, the bits are restricted to be rearranged within a symbol. Taking 16QAM for example, every four bits are rearranged to change each bit’s reliability. Herein, we propose the inter-symbol rearrangement (different from the intra-symbol rearrangement) and this new method can be implemented by shifting the initial access address of the buffer and inverting the bits. It not only costs less complexity but also gains both constellation and frequency diversity simultaneously. At last, the simulation result would show the significant improvement for the present HARQ scheme in IEEE 802.16.
2. Description of Proposed Method
In this section, the method, rearranging bits across the whole subpacket, is disclosed. When implementing this method, the simple way is to set a bit rearranger before the modulator, as shown in Fig. 1. If ignoring the bit rearranger, Fig. 1 illustrates the conventional transmitter. At first, the information bits added by CRC bits are encoded by the encoder to generate codewords which are also called coded bits and may be binary or non-binary. In this article, we take the binary encoder for example to explain our invention. The coded bits are fed to the channel interleaver, the puncturing scheme, the bit rearranger and the modulator successively, which are controlled by the controller, and then are transmitted out. At first transmission, the bit rearranger does not work, but after that, the controller controls the bit rearranger to execute the way of bit rearrangement.

Fig. 2 shows the receiver with a bit rearranger. Compared with the conventional receiver, they both have the demodulator, deinterleaver, channel decoder and CRC checker, but the difference is the bit rearranger and the combiner. When the demodulator outputs each bit’s Log-Likelihood-Ratio (LLR), the bit rearranger inversely rearranges the LLR according to the rearrangement method at the transmitter. The combiner combines the LLRs with LLRs received before and output the combinations to the decoder. The CRC checker would check the results of the decoder. If the answer of the CRC check is right an ACK signal would be fed back to the transmitter, otherwise a NACK signal would be fed back. Herein, the combination of LLRs may be implemented by bit-by-bit addition. Although this is not the best solution, it is a good approximate method with a small buffer-size.

The bit rearrangement may be carried out by various ways. In the following we propose two methods that utilize the circular shift and bit inverter to enhance the HARQ performance.
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Fig. 1  Illustration of the transmitter with a bit rearranger.
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Fig. 2  Illustration of the receiver with a bit rearranger.

3. Summary
The proposed bit rearrangement method has the following advantages and enhances the CTC HARQ performance significantly.
1. inter-symbol rearrangement with more design flexity.

2. constellation diversity.

3. frequency diversity.
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