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1. Introduction

At the last WG1#30 meeting in San Diego concerns were raised about the feasibility of STTD (space-time transmit diversity) for parameter Set1 [1], given an odd number of active subcarriers, Nu, and OFDM symbols per TTI, K = 27. We acknowledge that with an odd value of K it is not possible to subject all symbols to two-antenna STTD diversity. However, it has been shown in the literature that both space-time and space-frequency diversity can be easily implemented in OFDM systems [2]. We show below that even for an odd product KNu,  the number of subcarriers transmitted without any form of diversity can be very low, even as low as a one per TTI with a hybrid STTD/SFTD approach.

In addition, we remark that excluding certain ‘unpaired’ symbols from STTD is already part of the standard, e.g. see the treatment of DPCH with SF=512 ([3], section 5.3.2.1) or P‑CCPCH ([3], section 5.3.3.3.1).

2. Transmit Diversity Examples

This section shows how two-antenna transmit diversity could be implemented for Set1. It should be noted that the examples below are provided for illustration only and are in no way binding. The optimal segmentation of the time-frequency plane for transmit diversity is open for further study and simulation.

2.1. STTD

With STTD, temporally adjacent subcarriers are paired. An implementation of this for Set1 is shown in figure 1. Subcarrier pairs straddle the boundary between timeslots 0 & 1, and the last OFDM symbol within the TTI is transmitted without diversity. It should be noted that a similar arrangement (straddling timeslot boundaries and exclusion of initial/final symbol from STTD) is already part of the standard for DPCH with SF=512 ([3], section 5.3.2.1) or P‑CCPCH ([3], section 5.3.3.3.1). In summary, Nu subcarriers per TTI are excluded from diversity with STTD.
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Figure 1  Example STTD encoding of the OFDM signal, 2 ms TTI, Set1.
Thick lines denote subcarrier pairing.

2.2. SFTD (Space-Frequency Transmit Diversity)

Instead of combining time-adjacent subcarriers, it is possible instead to pair frequency-adjacent subcarriers to obtain space-frequency transmit diversity. The benefits on this approach depend on the ratio of subcarrier spacing and the channel coherence bandwidth [2], which is sufficiently small for the channels within the scope of the OFDM study item. One SFTD implementation is shown in figure 2. With SFTD, K subcarriers per TTI are excluded from diversity.
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Figure 2  Example SFTD encoding of the OFDM signal, 2 ms TTI, Set1.

2.3. Hybrid STTD and SFTD

Finally, it is possible to employ a combination of space-time and space-frequency diversity. A simple implementation of such a combination is shown in the example in figure 3. In this case, only a single subcarrier per TTI is excluded from any form of transmit diversity.
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Figure 3  Example hybrid STTD and SFTD encoding of the OFDM signal, 2 ms TTI, Set1.

3. Conclusion

This contribution provided generic examples of deploying transmit diversity in the context of OFDM. With STTD, a fraction of OFDM symbols (1/27th) would not have the benefit of transmit diversity for Set1. While this may cause a small performance degradation, it is not an implementation problem, and standardized examples of excluding symbols from STTD were quoted.

In addition, space-frequency diversity can be integrated into OFDM, and a hybrid STTD-SFTD approach enables a virtually complete coverage of the time-frequency plane.

Finally, it is worth noting that either of the proposed reference parameter sets [1][4] could be modified to employ an even number of subcarriers to simplify the transmit diversity issues. As a result, the PSD would no more be symmetrical around 0 Hz, however this should not be a drawback as long as the UMTS spectral emission mask is satisfied.
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