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Modeling of MMSE Equalizer in a System Simulator

1 Introduction

Equalization is an effective way to reduce the inter symbol interference due to multi-path fading channels.  It can be shown (see for example [1]) that the received Ec/Nt of an MMSE equalizer is 
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where
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and
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 is the normalized channel impulse response, 
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 is the power spectral density of the received signal from other cells, 
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 is the power spectral density of the received signal from the same cell, 
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n
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 is the Dirac Delta function.

In evaluating the performance of the MMSE receiver in a system simulation, the received Ec/Nt 
(1)

 needs to be computed at each simulation iteration (every PCG for CDMA, or every slot for UMTS).  The size of the matrix  GOTOBUTTON ZEqnNum201647  \* MERGEFORMAT  in 
(1)

 depends on the number of taps in the MMSE equalizer.  If one uses a 15-tap MMSE equalizer, a corresponding  GOTOBUTTON ZEqnNum201647  \* MERGEFORMAT  is a 
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 matrix.  Computing the inverse of a 
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 matrix in each simulation iteration makes the simulation computation load prohibitively high unless efficient methods are used in constructing the MMSE correlation kernel matrix . But even if efficient methods are used in constructing the MMSE correlation kernel matrix, the run time of computing the received Ec/Nt (1)

 is still much higher compared to a Rake receiver.

In this contribution, we describe a pseudo MMSE metric (PS_MMSE) to approximate the receiver SINR performance in (1)

.
(1)

.   PS_MMSE has the same run time as that of a system with a Rake receiver, but gives a close approximation to the full MMSE metric 
2 A pseudo approach for MMSE equalizer performance evaluation

We first note that the diagonal entries of the matrix 
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 can be represented as 
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If
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or 
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then 
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 is dominated by the diagonal entries.  From (1)

, we have
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 GOTOBUTTON ZEqnNum597700  \* MERGEFORMAT 

 GOTOBUTTON ZEqnNum645193  \* MERGEFORMAT 

The received Ec/Nt of an MMSE equalizer is similar to the Ec/Nt of a Rake receiver with maximum ratio combining of the received signals on different Rake fingers.

As special cases, we make the following remarks:

1. For a one-path channel, relation (6)

.
(5)

 and (7)

 still holds without conditions 
2. For a two-path channel, relation (6)

 if the MMSE receiver has only two taps.
(5)

 and (7)

 still holds without conditions 
However in general, relation (7)

 does not hold for high geometry cases.  Therefore, we propose the following approximated MMSE equalizer performance evaluation metric, which is denoted as pseudo MMSE metric (PS_MMSE):
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where the second term on the right hand side of the equation above is a correction term proportional to the geometry.  In 
(8)

,  GOTOBUTTON ZEqnNum476855  \* MERGEFORMAT  and 
[image: image21.wmf]b

 are coefficients depending on the number of fading channel paths and number of taps in a MMSE receiver.  They are determined in the system simulation as described in Section 3.

3 System simulation

In the system simulator, a 15-tap MMSE receiver was implemented according to the performance metrics 
(1)

.  For different multi path models, the coefficients  GOTOBUTTON ZEqnNum517237  \* MERGEFORMAT  and 
[image: image23.wmf]b

 in approximation (8)

 are computed using system simulation to minimize the following “error”:
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The following 
[image: image25.wmf]a

 and 
[image: image26.wmf]b

 values are found for a 15-tap MMSE receiver:
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Figure 1 and Figure 2 compare the system performance of HSDPA with Rake receiver and MMSE receiver using CQI feedback based on Rake SNR. In this simulation, the channel model used for the signal from user’s serving cell is Pedestrian B while the interfering signals from other cells have a flat Rayleigh fading model. 

The performance of MMSE receiver is evaluated using the full metric approach and the pseudo approach respectively.  
In Figure 1, we show the relative throughput improvement of using MMSE receiver over Rake receiver. From the results, we observe that the system performances with MMSE receiver evaluated using full metric approach and pseudo approach are very close to each other.  On an SGI workstation, one drop with full metric MMSE using CQI feedback based on Rake SNR takes about 35 minutes.  In comparison, one drop with pseudo MMSE metric takes the same time as the simulation with a Rake receiver, which is about 10 minutes.  Further, it is observed that the MMSE receiver using CQI feedback based on Rake SNR improves the system throughput by 35% compared to the Rake receiver.  Figure 2 also shows the improved packet call throughput by using the MMSE receiver with CQI feedback based on Rake SNR over the Rake receiver.
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Figure 1
System throughput improvement using MMSE receiver with CQI feedback 
based on Rake SNR 
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Figure 2
User packet call throughput CDF (with CQI feedback based on Rake SNR)

Figure 3 and Figure 4 compare the system performance of HSDPA with Rake receiver and MMSE receiver using CQI feedback based on MMSE SNR. Again, the performance of MMSE receiver is evaluated using the full metric approach and the pseudo approach respectively.  We note again that the system performances with MMSE receiver evaluated using full metric approach and pseudo MMSE metric approach are close to each other.  On an SGI workstation, one drop with full metric MMSE using CQI feedback based on MMSE SNR takes about 420 minutes.  In comparison, one drop with pseudo MMSE metric takes the same time as the simulation with a Rake receiver, which is about 10 minutes.  Further, it is observed that the MMSE receiver using CQI feedback based on MMSE SNR improved the system throughput by 55% compared to the Rake receiver.  Figure 4 also shows the improved packet call throughput by using the MMSE receiver with CQI feedback based on MMSE SNR over the Rake receiver.
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Figure 3
System throughput improvement using MMSE receiver with CQI feedback 
based on MMSE SNR
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Figure 4
User packet call throughput CDF (with CQI feedback based on MMSE SNR)

Figure 5compares the cumulative distribution (cdf) of MMSE SNR, MRC Rake SNR and pilot weighted Rake SNR.  From these plots, we note that MMSE receiver provides a higher average received SNR than a MRC Rake receiver and a pilot weighted Rake receiver.
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Figure 5
Empirical CDF of the received SNR






4 Conclusion

In this contribution, we describe a pseudo approach (PS_MMSE) to evaluate the system performance of an MMSE receiver.  In the pseudo approach, we approximate the performance gain of MMSE receiver over the maximum ratio combining Rake receiver using a third order function of the geometry variable, Ior/Ioc.  System simulation shown in this paper demonstrates that the simulation result of using the PS_MMSE metric is close to that of using the full MMSE metric.  The advantage of PS_MMSE is that it avoids the correlation kernel  computation in the MMSE performance evaluation, and thus significantly reduces the simulation time.  In an example, it was shown using system simulation that a MMSE receiver can improve the system throughput by 55% compared to a Rake receiver.  Finally, we note that by further optimizing the system parameters, such as MCS thresholds and scheduling algorithm, the system performance improvement of using MMSE receiver over the conventional Rake receiver can be even more significant.
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