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Background of the text proposal

In RAN1 meeting #33, a text proposal on modulation diversity for the OFDM SI was presented [1]. Despite technical recognition of the concept, the text proposal could not be accepted because a few companies considered the concept as “premature”.

We acknowledge that RAN1 does not perceive OFDM with modulation diversity as a "textbook-OFDM" solution (even though there are textbooks describing modulation diversity, see, e.g., section 3.4 in [2]), and that other aspects of the study item are more fundamental for the proper completion of the SI. However, the significant performance benefits, shown in a series of Tdocs [3]

 REF _Ref51642534 \r \h 
[4]

 REF _Ref52073524 \r \h 
[5] (and never questioned by RAN1) should not be simply left outside the TR, since they might influence the final conclusion and the possible continuation of the study item.

Therefore, as a way forward, we have changed our proposal in two ways. As a first change, we address the comment about the pre-maturity, by suggesting the addition of a Section 4.5, "Advanced OFDM Technologies" in TR25.892. This section contains those technologies and enhancing methods whose impact on the OFDM performance has been demonstrated and which are therefore sufficiently interesting for further study, but which, for instance, are perceived by RAN1 as too early for use in the actual evaluation, or for which time is too short to do a full feasibility evaluation. An introductory paragraph makes this purpose clear. Modulation diversity is one of the methods described in the new section (along with perhaps others).
As a second change, we have made the proposed text now clearly follow the lines of the scope of the TR (chapter 1 in the TR). Compared to the previous text proposal [1], focus has now shifted towards application and benefits of modulation diversity in OFDM. In particular,

· the text now more clearly “considers the performance of OFDM” following the first sentence and high-level description of the scope.

· the text now stresses the “advantages that may be gained by introducing a new modulation technique”, following the first main aim of the study item as described in the scope.
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-----------------------------------START of the TEXT in Section 4------------------------------------------

4.5 Advanced OFDM Technologies

This section describes potential drawbacks and enhancements of OFDM modulation. Methods documented in this section have been demonstrated to impact OFDM and provide promising effects on, for instance, OFDM complexity or performance. For instance, methods that have not been fully investigated during the course of the study item are documented here.

4.5.1
OFDM with Modulation Diversity
An OFDM receiver does not by itself provide a mechanism to capture frequency diversity offered by a multi-path fading propagation channel. As opposed to a CDMA RAKE-receiver, which achieves order-L diversity performance for the raw bits on an L-tap fading channel, a textbook OFDM system shows order-1 diversity for the raw bits performance (no diversity) even on an L-tap fading channel. An OFDM system therefore benefits from the employment of additional means to exploit the diversity potential of the propagation channel.

Textbooks usually dismiss this drawback by proposing to apply a conventional error-correcting code across the tones, although the mechanisms of this remedy are not well understood today. Turbo-codes and many other conventional error-correcting codes are designed for error-correction (often for the AWGN channel), rather than for capturing frequency diversity in a fading propagation channel. Straightforward application of a turbo code to OFDM modulation therefore does not necessarily provide good diversity performance. The 3GPP turbo-code reveals bad ability to capture diversity especially when some form of code puncturing is applied.

One way to solve this problem is to design a new code that is suitable to both capture the frequency diversity and provide good error correction capabilities. However, this may not be a desirable solution in the present OFDM study for reasons of compatibility with the WCDMA/HSDPA structure. Another way to solve this problem and preserve compatibility with WCDMA is to apply the concept of modulation diversity to OFDM.

Modulation diversity is essentially a simple non-redundant code that exploits channel diversity. Two basic aspects are essential in this concept:

1. Spreading information bits over the multiple components of the constellation symbol, through the use of a well-chosen multi-dimensional symbol constellation.

2. De-correlation of the channel attenuations that affect the multiple components of the constellation symbols.

The first task can, for instance, be performed by a simple rotation of a classical QAM constellation. The second task can be accomplished by a component interleaver, a device that independently interleaves the components of the series of constellation symbols.

The first task is illustrated in Figure 1, showing a regular QPSK constellation and its rotated version. Obviously, in a Gaussian channel, the performances of these constellations are identical. However, in a Rayleigh fading channel the non-rotated conventional constellation exhibits order-1 diversity, while the rotated constellation exhibits order-2 diversity provided that the I- and Q-components of the transmitted signal undergo independent fading.

The explanation is the following. In the regular square QPSK constellation, the I- and Q-components carry independent bit streams such that each bit is carried just by a single component. Furthermore, both components experience the same channel attenuation. In the rotated constellation, however, each bit is carried by both components. The minimum Hamming distance between the coordinates of any two conventional QPSK-constellation points is increased from 1 to 2 by the rotation. Provided that the real and imaginary components of the constellation symbols undergo independent fading, each bit is thus effectively transmitted over two independent fading channels and order-2 diversity performance is accomplished for the raw bits. The improved quality of soft bit-metrics, in turn, makes a subsequent (turbo-) decoder lower the coded BER.
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Figure 1: Modulation diversity concept in OFDM. (a) Order-1 diversity QPSK constellation. (b) Order-2 diversity rotated constellation (c). OFDM component interleaver via separate T-F positions.
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Figure 2: OFDM transmitter (left)  and receiver (right) structure.

Component interleaving is necessary to make the channel attenuations of the components fade uncorrelated. In an OFDM system, the component interleaver must guarantee that the components of a constellation symbol are transmitted on two sufficiently distant positions in the time-frequency grid. Figure 1c illustrates this.

Figure 2 shows how order-2 modulation diversity can be accomplished in the OFDM transmitter and receiver. An OFDM transmitter employing modulation diversity consists of the following functional blocks: a QAM mapper (bits to symbols); a symbol rotator, a component interleaver, a T-F mapper and, finally, an FFT. The corresponding receiver consists of a receiver FFT, a collector and buffer of symbols within one TTI, a component de-interleaver and a device computing the soft bit-metrics, which are than fed to the decoder.

The above examples do not restrict modulation diversity to rotated QPSK or 2D-constellations. It can be applied to larger (16QAM, 64QAM) or higher-dimensional constellations.

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