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1. Introduction

In recent RAN1 discussions on, e.g., HS-DSCH performance with 16QAM or the OFDM study item, the usage of “advanced receivers” has been mentioned. There is no strict definition of the properties of an “advanced receiver”, albeit it generally has been used to denote a receiver providing enhanced performance compared to the RAKE, especially in interference limited scenarios. An example of an interference-dominated situation is the loss of downlink orthogonality in channels with severe multi-path propagation. In this contribution, a relatively simple, yet efficient, modification to the RAKE structure, denoted as “generalized RAKE” (G-RAKE) is discussed and examples of the possible performance gains are given. It is worth noting that introducing the G-RAKE receivers in the terminals can be done gradually and that no modifications to the existing infrastructure are required.

2. Generalized RAKE

In the traditional derivation of receivers for CDMA signals in multi-path channels, the assumption that each path in the channel is disturbed by mutually independent white noise is made. This leads to the well-known RAKE structure, where the number of RAKE fingers equals the number of path, the placements of the fingers correspond to the delays in the channel, and the weighting factors are given by the path gains. The RAKE receiver structure has been known for decades, is well understood and offers good performance at a reasonable complexity.

In interference dominated situations, the assumption on the interference being white noise is less accurate and the RAKE performance is limited. Several alternative receivers offering improved performance compared to the RAKE have been proposed during the last years, among them the G-RAKE [1]. The G-RAKE shares the same structure as the RAKE with linear combining of correlator (finger) outputs. However, by using different combining weights and finger placement, the G-RAKE can be optimized for interference suppression by exploiting the colorization of the interference, resulting in significantly improved performance. The G-RAKE commonly uses more fingers than the number of multi-path components in order to improve the interference suppressing capabilities [1].

As mentioned above, the G-RAKE combining weights depend not only on the channel impulse response, but also on the color (covariance) of the interference. The covariance can be estimated in several different ways, e.g., directly from the despread pilot signal [2], or by exploiting the structure of the covariance [3]. Note that, depending on the method chosen, the G-RAKE can suppress not only intra-cell interference, but also inter-cell interference and adapt to changes in the interference situation [2].

The placement of the G-RAKE fingers can be done according to one of several different algorithms. One simple approach [4] resulting in low complexity and good performance is to place the first fingers corresponding to the channel delays, i.e., the same placement as for the conventional RAKE, and to place one additional G-RAKE finger on each side of the fingers corresponding to the dominant multi-path components.

To illustrate the potential gains by the G-RAKE, an example with 12 parallel HS-PDSCHs has been simulated for two different channel types: case 1 with one dominating path and case 3 with more severe multi-path propagation. The number of RAKE fingers for each HS-PDSCH equals the number of channel paths (2 and 4, respectively), while the G-RAKE uses four additional fingers (6 and 8 fingers, respectively). As seen in Figure 1 to Figure 4, the improvement is significant, especially for 16QAM in the case 3 channel.

The gains in link performance can translate to user throughput gains when link adaptation and hybrid ARQ are employed as shown in Figure 5 and Figure 6. As seen in the plots, the gains with the G-RAKE increase with increasing values of Ior/Ioc, i.e., the G-RAKE is efficient in suppressing the intra-cell interference. In this example, taken from [4], inter-cell interference is modeled as white Gaussian noise, although it in a real system with non-white inter-cell interference it is possible to design the G-RAKE taking the color of the inter-cell interference into account for further performance gains. Furthermore, even though the HS-DSCH was used in the numerical examples, the G-RAKE can be used for improving the performance of dedicated channels as well.

3. Conclusions

The G-RAKE was discussed as a simple yet efficient receiver capable of suppressing multi-path interference in a WCDMA system. By using receivers such as the G-RAKE in the terminals, the performance of existing WCDMA downlink channels can be improved considerably in multi-path scenarios without any changes to the currently existing infrastructure. Furthermore, a G-RAKE receiver will improve the performance for all downlink channels, not only the HS-DSCH as was used as an example in the current paper.
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Figure 1:Performance for QPSK with rate 0.5 coding (corresponds to 2.88 Mbit/s) in Case 1 channel (2 paths of relative power 0 and -10 dB).
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Figure 2: Performance for 16QAM with rate 0.63 coding (corresponds to 7.62 Mbit/s) in Case 1 channel (2 paths of relative power 0 and -10 dB).
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Figure 3: Performance for QPSK with rate 1/2 coding (corresponds to 2.88 Mbit/s) in Case 3 channel (4 paths of relative power 0, -3, -6, and -9 dB).
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Figure 4: Performance for 16QAM with rate 0.63 coding (corresponds to 7.26 Mbit/s) in Case 3 channel (4 paths of relative power 0, -3, -6, and -9 dB).
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Figure 5: Single-user throughput achieved by RAKE and G-RAKE in the Case 1 channel (two paths of relative power 0 and –10 dB).
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Figure 6: Single-user throughput achieved by RAKE and G-RAKE in the Case 1 channel (four paths of relative power 0, -3, -6, and -9 dB).
