
TSG-RAN WG1 #44-bis
R1-061011
Athens, Greece, March 27–31, 2006
Source:
Ericsson

Title:
Comments on the complexity of SIC-based receivers
Agenda Item:
8
Document for:
Discussion

1. Introduction
At RAN WG1 #44 in Denver, several input papers were presented discussing the complexity of different MIMO receiver structures ‎[1], ‎[2], ‎[3].  The most discussed subject was the complexity of SIC compared to a baseline MMSE implementation. In ‎[1], it was argued that the complexity increase due to SIC processing was approximately 6-9 times that of a MMSE receiver, while ‎[2] and ‎[3] presented figures indicating that the additional HSDPA processing complexity would be only approximately 30-40%. In this document, the differences between ‎[1] and ‎[3] (i.e. the Texas Instruments and Ericsson papers) are analyzed and commented upon.

2. Complexity analysis 

The analysis in ‎[1] and ‎[3] identified the same functional blocks as the main contributors to the complexity increase. However, different assumptions on the baseline design and different comparison references led to the impression that radically opposing conclusions were reached. Next, we analyze the differences in complexity attributed to different functional blocks of the receiver and indicate that the predicted complexity increase is, in fact, fairly similar.

2.1. Chip buffering

A conservative SIC receiver design requires an additional chip buffer, in order to store the chip data after subtraction for decoding the second sub-stream. In a practical UE implementation, the primary buffer, used for a demodulating a variety of non-aligned channels, must have a length longer than 1 TTI – this is part of the baseline complexity. However, the secondary buffer only needs to fit a single TTI of the HS-PDSCH data and is thus expected to exceed the length of one TTI only by the extent of the delay spread.   We therefore believe that the chip buffer size estimate given in ‎[1] may be somewhat pessimistic.

It could also be argued that the receiver architecture choice of applying 2x oversampling is not motivated solely by MIMO reception. Since chip-rate processing for WCDMA is information-lossy, we believe that even a high-rate SISO HSDPA receiver cannot achieve the maximum available throughput without using sufficiently high-rate sampling and buffering. We would therefore suggest that the 2x oversampling contribution to the complexity be accounted for in the baseline architecture. In that case, some of the complexity that counted as incremental in ‎[1] would already be present in the baseline.
2.2. Demodulation

The demodulation and decoding complexity issues have been treated quite similarly in ‎[1] and ‎[3] and do not contribute to any significant differences in the complexity comparison process. 
2.3. HARQ buffering

We note that the HARQ buffering stage had been omitted from the complexity analysis in ‎[1]. For a more complete MIMO complexity estimate, it should be included in the analysis. We estimate its incremental contribution to be approximately 0.4 times the baseline complexity.
2.4. Context for the complexity comparison

The baseline complexity in [1] includes the blocks directly related to HS-PDSCH processing. The complexity growth is then referenced to this baseline complexity, and a conclusion is drawn that the introduction of MIMO HSDPA would require to a several times more complex terminal hardware. We should, however, also keep in mind that the blocks included in the HS-PDSCH baseline do not constitute the whole WCDMA sub-system in the terminal. We estimate that this baseline is approximately 25-30% of the total WCDMA baseband processing.  Comparing the SIC-related additional hardware to the total WCDMA complexity would give a better relative complexity growth measure. 

3. Conclusion
From the above discussion we can draw the conclusion that, even though the numbers presented in ‎[1] and ‎[3] seem rather different, this difference is mainly due to different assumptions for the baseline configuration and differing comparison methods. Looking closer, we suggest the actual incremental complexity figures that can be inferred from ‎[1] and ‎[3] for a SIC-type receiver are, in fact, rather similar. 

The main technical differences in the analysis can be attributed to the chip buffering and oversampling assumptions for the baseline receiver. We estimate that, after adjusting the baseline accordingly and reducing the additional chip buffer length to 1 TTI, the SIC MIMO HSDPA processing complexity in  ‎[1] would not exceed approximately 2.8x that of SISO HSDPA processing. 

The main difference in the presented numbers, however, stems from the fact that the comparison methods are different – in ‎[1] the additional complexity of SIC is compared to the HSDPA baseband complexity only, while in ‎[3], we reference the SIC complexity increment to the total WCDMA modem complexity, which is a more relevant comparison. Assuming a 2.8x more complex SIC receiver, and estimating the share of SISO HS-PDSCH processing as 25% of total WCDMA complexity, the SIC complexity increment in the context of WCDMA processing in  ‎[1] would be approximately 45%.
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