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1. Introduction

The uplink E-UTRA basic transmission scheme is block wise single-carrier transmission (SC-FDMA) with cyclic prefix. Transmissions may be localized (L-FDMA) or distributed (D-FDMA). Localized transmission implies that data symbols are mapped to a consecutive set of sub-carriers while for distributed transmission the used sub-carriers are regularly spaced. To use L-FDMA with frequency hopping as a complement to standard L-FDMA (without frequency hopping) was discussed in ‎[1] for the case when uplink quality based scheduling is not used.

L-FDMA with frequency hopping is associated with advantages such as e.g. improved frequency and interference diversity while the disadvantages include a reduced channel estimation performance (for a given reference-signal energy). Frequency hopping may further limit the possibilities for interference coordination among cells. Moreover, since frequency hopping is a diversity technique, i.e. it relies on averaging, it should not be combined with quality based scheduling. To fully benefit from the advantages of frequency hopping, the hopping should be performed within a TTI such that it is possible to leverage on the enhanced diversity by means of channel coding and interleaving.

Frequency hopping is in particular foreseen to be useful for services with low bandwidth requirements, like e.g. voice, which are transmitted over channels with limited diversity. For services with high bandwidth requirements, on the other hand, the impact of frequency hopping is negligible.

2. Localized transmission with frequency hopping

If L-FDMA with frequency hopping should be introduced in E-UTRA, frequency hopping patterns must be derived and agreed upon. Desirable properties of a frequency hopping pattern include:

· no hopping collisions between any connections in the same cells

· (inter-cell) interference diversity by using different hopping patterns in neighboring cells

· a high degree of frequency diversity by letting all connections hop over several well separated frequencies

The first point implies that all hopping sequences used in a cell should be orthogonal. For E-UTRA, the design of such orthogonal sequences must account for the fact that different connections may have dissimilar bandwidth requirements. That is, the design must support narrow-band transmissions that make use of a single resource block as well as wide-band transmissions utilizing a large part or even the entire bandwidth.

With an orthogonal multiple access scheme design, like in the uplink of E-UTRA, the interference experienced on a particular sub-carrier typically originates from a single source (UE) in each of the neighboring cells. Accordingly, the interference may vary significantly depending on the exact position and the activity of the UEs in neighboring cells. This, in turn, may make it difficult to achieve a reliable interference estimate e.g. for link adaptation purposes. A frequency hopping scheme in which neighboring cells use dissimilar hopping sequences may be a possible means to alleviate some of the issues related to limited interference diversity

In E-UTRA reference symbols for channel estimation are transmitted in the short blocks and the number of frequencies that may be used in a hopping sequence is hence upper bounded by the number of short blocks per TTI. It should be noted, however, that to achieve a high degree of interference diversity it may be desirable to recurrently hop over the available frequencies. Figure 1, Figure 2, and Figure 3 depict three possible frequency hopping principles. In Figure 1, hopping is performed over two frequency bands on a sub-frame basis and there is only a single hop per TTI. During the first sub-frame frequency f1 is used while frequency f2 is used during the second sub-frame. The short blocks (SB) SB1 and SB2 are used for channel estimation during the first sub-frame and similarly, SB1’ and SB2’ are used for channel estimation during the second sub-frame. The example in Figure 2 uses intra sub-frame hopping over four frequency bands. In this case, one short block is used for channel estimation of each frequency band. Compared to the inter sub-frame hopping illustrated in Figure 1, hopping according to the example in Figure 2 may provide enhanced frequency and interference diversity but a reduced channel estimation performance.

The example in Figure 3, finally, uses intra sub-frame hopping over two frequencies. In comparison to the hopping pattern in Figure 1 the scheme in Figure 3 provides similar channel estimation performance, same degree of frequency diversity but enhanced interference diversity. In comparison to the example in Figure 2 the scheme in Figure 3 provides improved channel estimation performance, similar level of interference diversity but reduced frequency diversity.
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Figure 1: Inter sub-frame hopping over two frequencies.
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Figure 2: Intra sub-frame hopping over four frequencies.
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Figure 3: Intra sub-frame hopping over two frequencies.

3. Summary and conclusion

L-FDMA with frequency hopping offers enhanced frequency and interference diversity compared to L-FDMA without frequency hopping. For the case when quality based scheduling is not used, and in particular for low-rate services, such enhanced diversity may be beneficial. We hence propose that localized transmission with frequency hopping is adopted as a complement to L-FDMA (without frequency hopping).
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