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1 Introduction

In this contribution we propose an efficient method to compute SINR for system simulations, which is applicable to systems with arbitrary linear FIR space-time filter receivers. The proposed method does not involve modifying the original channel profile either in terms of adding new rays or changing the powers or delays of the given rays. 

This contribution is an update on the method we proposed in [3], which was based on an approximation that was valid when the sampling instants for the rake receiver were close to the true channel ray delays. The proposed method is fundamentally quite similar to the method proposed by Motorola in [2] and [4], but for some implementation aspects and in recognizing the fact that quantization of channel delays is not necessary to be able to implement SINR equations efficiently. We present the SINR expressions in some details for the sake of clarity. Some of the steps outlined here are common with other approaches.

2 SINR expressions

In this section we derive expressions for signal, interference and noise energies at the output of a linear space-time receiver in the presence of a multipath channel with arbitrary ray delays in a system that uses an arbitrary pulse shaping filter. 
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Figure 1. Signal-flow model of a system with a linear space-time receiver

The system model is depicted in Figure 1. The transmit signal passes through the transmit pulse filter with impulse response 
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 and through a multipath spatial channel to 
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 receive antennas. The input signal to the transmit pulse filter is written as 
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, the sequence of transmit chips, is the sum of the desired chip signal 
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 and other users’ signal 
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(orthogonal to the desired signal), 
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 is the dirac-delta function, and 
[image: image9.wmf]c

T

 is the chip interval.

 The impulse response of the channel from the transmit antenna to the 
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th receive antenna is denoted by 
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where 
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 is the number of channel rays, 
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 is the delay of the 
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th channel ray to the 
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th receive antenna, and 
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 is the corresponding channel coefficient. 

The receive pulse filter is denoted by its impulse response 
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. The output of the receive pulse filter for the 
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th receive antenna is denoted by 
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 The impulse response of the combination of the transmit and receive pulse filters—called the pulse shaping filter—is expressed as their convolution,
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 We assume that the receiver uses an arbitrary linear FIR space-time filter to process the space-time signals 
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 and yield an output signal 
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where 
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(

t

k

a

, the impulse response of the space-time filter for the 
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th receive antenna, is a linear FIR filter with arbitrary (and generically non-uniform) tap delays, 
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 and corresponding filter coefficients 
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The space-time filter output 
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 is then sampled at the chip-rate to yield a chip-spaced discrete-time signal 
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, which is the estimate of the desired transmit signal 
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, and is sent to a despreader to compute symbol estimates. Note that any delays in sampling the filter output can be absorbed in the filter impulse responses.

The above receiver model is quite generic and encompasses most practical linear receivers. Rake receivers with receive diversity as well as linear equalizer receivers can be modeled in this manner without any loss of generality. In the case of a rake receiver, 
[image: image30.wmf]M

 is the number of rake fingers per receive antenna, and 
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is the coefficient of rake combining for the 
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th finger and 
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th antenna. It may be noted that this is an equivalent representation of a rake receiver, where rake combining is done at the chip rate, and the dispreading operation is pulled out to the point after rake combining. In the case of a fractionally spaced linear equalizer receiver, 
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is the 
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th equalizer coefficient for the 
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th antenna, and tap delays are spaced by the equalizer tap spacing.

We first derive signal and interchip-interference statistics at the output of the space-time filter at the receiver, and consider the effect of noise and out-of-cell interference subsequently. In deriving the SINR expressions, we assume quadrature modulation of the transmit signal (where energy in both I and Q branches are equal, e.g., QPSK, 8-PSK and 16-QAM), although the expressions can be altered easily for BPSK signals. The SINR expressions can also be readily extended to the case of transmit diversity.

In the space-time filter, if we denote chip-rate samples of the input to the 
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th filter tap in the 
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th spatial branch by 
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, we can write the sampled output of the space-time filter as 
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Since for each 
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 is a chip-rate signal that is linearly related to the transmit chip-rate signal 
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 we can represent everything from the chip-rate transmit signal to the sampled signals 
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 using chip-sampled discrete-time filters as shown in Figure 2. Here the transmit chip-rate signal 
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where 
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 is the channel coefficient on the 
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th ray to the 
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th receive antenna. 
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Figure 2. Equivalent chip-spaced discrete-time signal-flow model

The sampled output of the space-time filter is then written as
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which shows the desired signal and interchip-interference components at the input to the despreader. As noted above, linear receivers such as the rake receiver that perform dispreading before linear combining of the fingers can be equivalently represented as performing linear combining before sampling and dispreading, since sampling and dispreading are linear operations. 

Additive white Gaussian noise 
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where 
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 is the pulse shaping filter response and 
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 is the discrete-time delta function.

If we ignore the effect of temporal noise correlation at the input to the despreader, for a given realization of the spatial channel coefficients, the signal energy, and interference and noise energies at the output of the despreader can be written as
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The above expressions may be further refined by accounting for the coloration of noise at the input to the despreader as described above.

3 Implementation

The above expressions can be used to compute SINR at the output of the despreader or input to the decoder. However, the above equations require computation of the pulse shaping filter response at arbitrary delays. Also, simplification of the above expressions is possible since some quantities may be pre-computed using knowledge of the relative delays of channel rays and space-time filter taps. 
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All the above matrices can be pre-computed and stored at the beginning of the simulation. 

During simulation, for a given channel realization, we construct the multipath channel vector 
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 for each receive antenna 
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where 
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 denotes conjugate transpose of vector 
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The computational complexity of SINR computation using the above expressions is 
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 In comparison, the complexity of directly computing the SINR using the expressions in Section 3, with or without channel delay quantization, is 
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 is the length of the pulse shaping filter in number of chips.

4 Conclusions

We have presented an efficient method to compute SINR for an arbitrary linear FIR space-time filter receiver that does not modify a given channel profile or make any approximations on the positions of channel rays. It can be easily applied to rake receivers, linear equalizer receivers, and receivers with multiple antennas. Channel estimation errors can be explicitly modeled in this method by perturbing the space-time filter coefficients as desired. The computational complexity of the proposed method is typically less than or equal to the complexity of the other proposed methods. We recommend that the proposed method be adopted by the SCM-AHG for system simulations.
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