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1 Introduction
This contribution introduces a technique to improve the performance of the interleaved frequency division multiple access (IFDMA). The technique is to rotate QAM symbols by different angles before constructing an IFDMA symbol from the QAM symbols. Then the IFDMA symbol transmission with the rotated QAM symbols enables better bit-error rate (BER) performance than the IFDMA symbol transmission without rotation of QAM symbols. Higher performance gain of the former over the latter can be obtained by using the more advanced receiver. The procedure of rotating QAM symbols is a very simple job and its added complexity is just marginal in a transmitter. Also, the rotation of QAM symbols makes little effect on the complexity of the detectors.
2 Improved IFDMA
The conventional IFDMA symbol [1] is constructed as shown in Fig. 1 where 
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 denotes the k-th QAM symbol (k=0,…,Q-1), Q is the number of the QAM symbols comprising one IFDMA symbol and L is the number of repetitions in one IFDMA symbol including the guard interval. Each rectangle is denoted as a chip in Fig. 1. A total of 
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 chips in Fig. 1 are transmitted by reading out the chips column-wise as follows:
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Figure 1. Conventioanl IFDMA [1]
When seeing the IFDMA transmission in the frequency domain, the IFDMA processing is equivalent to spreading the symbols over the frequency domain by a DFT matrix. However, it was reported in [2] that the diversity gain cannot be maximized only with spreading the symbols by the DFT matrix. For obtaining the maximal diversity, it was suggested in [2] to use a rotated spreading transform which is defined as
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where the 
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 matrix 
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 is the original spreading transform, that is, the DFT matrix and 
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 (k=0,…,Q-1) is the angle rotating the k-th column of 
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  Equivalently, we can obtain the maximal frequency (or multipath) diversity gain in the IFDMA transmission by constructing the IFDMA symbol using rotated QAM symbols as presented in Fig. 2.
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Figure 2. Improved IFDMA (IFDMA with rotated QAM symbols)
Rotating the QAM symbols is just a simple job and the additional complexity caused by it is  marginal in a transmitter. It is also easily expected that the rotation of QAM symbols makes little effect on the complexity of detection.
3 Simulation Results
This section presents the bit error rate (BER) performance comparison between the conventional IFDMA and the improved IFDMA for several types of detection schemes. The performance gain of the improved IFDMA over the conventional one depends on the quality of the detection algorithm. If we use the most advanced detector of maximum likelihood (ML) performance such as the sphere decoders [3], the performance gain is maximized as shown in the gap between the red line and the blue line in Fig. 3 (QPSK) and 5 (16QAM). However, the simplest linear detectors such as the linear minimum mean square error (MMSE) detectors do not discriminate the two transmission schemes. (So only one line is shown for the performance of the linear MMSE detectors.) If we consider a little more advanced detection schemes than the linear detectors such as the ordered successive interference cancellation (SIC) detectors
 [4], the improved IFDMA has performance gains over the conventional IFDMA as shown in Figs. 4 (QPSK) and 6 (16QAM). In all those simulation results, we assume that the number of QAM symbols per IFDMA symbol is Q=4 and the rotation angles of 
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 [2] are used.
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Figure 3. BER performance comparison between IFDMA and improved IFDMA assuming maximum likelihood (ML) detection, Q=4, and QPSK modulation.
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Figure 4. BER performance comparison between IFDMA and improved IFDMA assuming ordered successive interference cancellation (SIC) detection, Q=4 and QPSK modulation.
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Figure 5. BER performance comparison between IFDMA and improved IFDMA assuming maximum likelihood (ML) detection, Q=4, and 16QAM modulation.
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Figure 6. BER performance comparison between IFDMA and improved IFDMA assuming ordered successive interference cancellation (SIC) detection, Q=4 and 16QAM modulation.

4 Conclusion 
We saw that the performance can be improved by rotating the QAM symbols in IFDMA transmission. The performance gain is enlarged when advanced detection algorithms are used. The added complexity is marginal in both transmitter and receiver sides by rotating the QAM symbols. Since we can obtain performance gains without any loss, we propose to consider this improved IFDMA technique for the uplink transmission.
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� More specifically, a MMSE-type ordered SIC detector is used in Figs 4 and 6.
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