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In [1] we have answered some essential questions about the application of modulation diversity to OFDM and shown that modulation diversity provides unique benefits to OFDM. We have dismissed the perception that modulation diversity is also applicable to WCDMA Therefore, we propose here a text for inclusion in the TR 25.892, that describes basics of modulation diversity. In particular, it describes rotated symbol constellations and an interleaving scheme that can be used for modulation of the OFDM sub-carriers.

-------------------------------START of the TEXT in Reference Section ----------------------------------

[5] Huawei, “Modulation diversity for OFDM”, Tdoc R1-030156, Tokyo, Japan, Febr. 18-21, 2003.
[6] Huawei, “New Results on Turbo Decoding Improveents by Modulation Diversity”, Tdoc R1-030409, Paris, France, May 19-23, 2003.
[7] Huawei, “Why modulation diversity does not improve WCDMA and related answers”, Tdoc R1-030797, New York, NY, USA, August 25-29, 2003.
----------------------------------END of the TEXT in Reference Section ----------------------------------

-----------------------------------START of the TEXT in Section 4------------------------------------------

4.3 OFDM with Modulation Diversity

4.3.1
Basic concept of modulation diversity
It is well-known that for AWGN channels, the minimum Euclidean distance of a signal constellation is the parameter that determines the bit-error rate performance. However, for Rayleigh-fading channels the minimum Euclidean distance has only little relevance. More important is the diversity order of the employed coding/modulation scheme.

If we denote the signal constellation points as 2-dimensional vectors, the diversity order of a signal constellation is defined as the minimum Hamming distance between any two coordinate vectors [5]

 REF _Ref40252587 \r \h 
[5]
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[6]. This diversity order is exploited when the real and imaginary components of the constellation symbols undergo independent fading.

The fading of symbol components can be made independent by component-interleaving, similar to creating independent symbol fading by symbol-interleaving. Therefore, higher-order diversity is established by employing 2 concepts: a symbol constellation with a large minimum Hamming distance along with a component interleaver.
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Figure 1: Modulation diversity. Constellation with first order diversity (left) and constellation with second order diversity (right).

In [5] it was recognized that a simple rotation of a conventional constellation increases the minimum Hamming distance of a constellation. Consequently, higher-order diversity performance over fading channels can be accomplished by the use of

1. Rotation of signal constellation

2. Orthogonalization of real and imaginary signal components (by a component interleaver).

Figure 1 illustrates the concept of modulation diversity. Consider the regular QPSK constellation (left) and the rotated version (right). Obviously, in a Gaussian channel, the performance of these constellations is identical. However, in a Rayleigh fading channel, if by proper interleaving of the I- and Q-components fading can be made uncorrelated, the rotated constellation exhibits order-2 diversity (compared to diversity order 1 of the non-rotated constellation). The minimum Hamming distance of the left constellation is 1 (For any pair of constellation points, one of the components is the same), whereas that of the rotated constellation is 2.

In the regular square QPSK constellation the I- and Q-component carry one bit each. After rotating, however, both bits are carried by both components. The information is spread over the in-phase and quadrature components. Now, proper interleaving of the components (ideally de-correlating the fading process) accomplishes order-2 diversity because each bit is effectively transmitted over two independent fading channels.

The concept of modulation diversity applies, with the same reasoning, to larger symbol constellation as 16QAM or 64QAM.

4.3.2
Effect on the coded performance
The concept of modulation diversity also improves the performance of a coded system. In particular the modulation diversity improves the quality of the soft bit-metrics generated by the inner receiver. When fed with these improved metrics an iterative turbo-decoder generates decoded bits that exhibit a lower coded bit-error rate than a system without modulation diversity.

4.3.3
Combination with OFDM

In an OFDM system a dispersive channel is turned into a flat fading channel through the use of a cyclic prefix. As modulation diversity is designed to improve performance over the flat fading channel, it is very much suited and applicable to improve the performance of an OFDM system. The realization of modulation diversity within the context of OFDM physical channel mapping can be done in the following way.

1. The rotation of constellation symbols is performed prior to the FFT-processing.
2. Channel orthogonalization for the real and imaginary signal components can be performed by a (modulo-) shift of one the symbol components relative the other. A bit-interleaver (earlier in the transmitter chain) has already de-correlated the bits to the turbo-decoder. The task for the component interleaver is that the real and imaginary components of a constellation symbol appear in the time-frequency grid in such positions that the respective channel attenuations are uncorrelated. A simple modulo-shift can accomplish this.
4.4 OFDM for Mobile Systems

-------------------------------------END of the TEXT in Section 4-------------------------------------------
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