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1 Introduction

This document presents the relative amount of complex multiplications per second needed to implement the Linear MMSE MIMO downlink demodulator for Single Carrier CDM. The estimates contain the operations needed for training the demodulator and performing the actual data demodulation. The reference case is a 1 Tx and 2 Rx Antennas LMMSE.

2 Receiver Structure and Numerology

See Figure 1 for a schematic of the receiver, which is divided in two parts:

· A time based adaptation method

· A frequency based convolution module

After 512 chips, the time domain equalizer coefficients will be converted into frequency and multiplied with the FFT of the incoming data samples. An Inverse FFT is then performed to go back to the time domain. Note that the update period of the time domain equalizer coefficients is independent of the 512-chip block processing time. The numerology of the receiver is:

· 33 chip spaced equalizer taps per receive antenna

· Fast RLS adaptation (see [1]) with one step every 32 chips

· Frequency domain convolutions using Radix-8 FFTs of 512 points which take ~1025 complex multiplications each

· All current HSDPA numerology for slot duration, etc.
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Figure 1: Receiver structure
The time based adaptation method is a general Least Squares solution that automatically accounts for all the spatial and temporal correlation matrices of the interfering signals. Since the interference due to other cell signals is the dominant type of degradation in a typical cellular deployment, it is important that the demodulator accounts for and exploits it in order to approach the performance of the optimal Wiener filter, which is the highest possible for this class of receiver. 

As an example, it is well known that a 4 antenna receiver can dramatically attenuate up to 3 interfering cells provided that the serving cell and the interferers are all in somehow distinct angular directions.

The cost of a division is assumed to be the same as the cost of a multiplication.

3 Results
Table 1 presents the relative complexity of such a receiver front end for various configurations.

Table 1: Relative complexity figure

	Configuration
	Relative Complexity

	1x2
	1

	2x2
	1.94

	4x4
	12.91


One should keep in mind that the overall baseband complexity is also influenced by the turbo decoder, the memory and the number of air interfaces supported by a device. The actual overall baseband complexity ratio for MIMO devices compared to non MIMO devices is therefore likely to be lower than the values listed in table 1. As such the 2x2 MIMO configuration represents a fairly reasonable complexity step compared to today's CDMA receiver complexity while the 4x4 MIMO configuration is more of a high end and longer term option especially when considering the further challenge of integrating 4 antennas on a mobile device.
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