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Statistical Properties of Burst-Wise Raw Bit Error Rate for a SAIC Receiver

1. Introduction

During the finalization of the link-level simulation parameters for asynchronous network configurations the need for an extended link-to-system mapping table was discussed. Specifically, it was questioned whether the link-level performance should be characterized not only by the mean of the burst-wise raw bit error rate but also by a more elaborate description and which statistical distribution would be appropriate in this case. 

In this contribution we present results for the four network configuration scenarios agreed for the feasibility study for SAIC [1] in GMSK-only mode. The statistical properties are characterized by mean,  standard deviation, skewness and kurtosis. Additionally, the distribution of the raw BER is shown for some selected interference scenarios.  

2. Motivation

For system level simulations the link level performance is usually characterized by the mean value of burst-wise raw bit error rate. This is on the one side motivated by minimizing the complexity of the interface—only one value per CIR value is needed and on the other side justified by the small variations of the raw BER for a given CIR value in a single random GMSK-modulated interferer scenario. For the more complex network configuration scenarios defined to characterize the performance of SAIC receivers this assumption needs to be verified.

For synchronous network configuration scenarios with multiple interferers any CIR or DIR value is the result of a variety of different interferer combinations whereas for the asynchronous scenarios with multiple interferers these values are the result of various delay/interferer level combinations. It is not straight-forward that these combinations result in a similar distribution of the raw BER as for the random GMSK-modulated single interferer scenario. To be able to define a sufficiently comprehensive link-to-system interface without increasing the complexity too much knowledge about the statistical properties of the raw BER distribution is essential.

3. Characterization of statistical properties

The simplest way to characterize the raw BER is by means of burst-wise mean values. This is possible if the variation of the raw BER for a any CIR value is small enough not to degrade the reliability of the system level simulation results. If the mean of the raw BER is considered not to be sufficient the standard deviation could be used in addition. In this case, however, it has to be evaluated whether the distribution of the raw BER can be modeled by a normal distribution. To check this property quantitatively, the third and forth order moments (skewness and kurtosis, respectively) can be examined.

Skewness is a measure of symmetry, or more precisely, the lack of symmetry of a distribution. A symmetric distribution has a skewness of 0. A negative skewness characterizes a distribution with a heavier left than right tail, whereas a positive skewness identifies a distribution with a heavier right than left tail.

Kurtosis is a measure  of whether the data are peaked or flat relative to a normal distribution. That is, data sets with high kurtosis tend to have a distinct peak near the mean, decline rather rapidly, and have heavy tails. A typical example is the Laplace distribution. Data sets with low kurtosis tend to have a flat top near the mean rather than a sharp peak. A uniform distribution would be the extreme case for a low kurtosis. For a normal distribution, kurtosis = 3.

4. Results

Figure 1 to Figure 6 show the mean, standard deviation, skewness, and kurtosis of the burst-wise raw bit error rate for all four network configuration scenarios as well as some exemplary distributions for different CIR and DIR levels. The simulation parameters are as described in [2]. These results are derived with a certain SAIC receiver design. They may vary for different implementations.

Figure 2 shows the standard deviation. As can be seen from Figure 3 and Figure 4, the distribution of the burst-wise raw BER seems to be similar to a normal distribution only below CIR = 0 dB. In this area the standard deviation is between 10% and 70% of the mean. For better channel conditions, however, skewness and kurtosis increase rapidly which suggests a distinct non-Gaussian distribution. This is backed by the plots of the raw BER distribution in Figure 5 and Figure 6.
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	Figure 1. Mean of burst-wise raw BER for scenarios 1 – 4, DIR = 0 dB (a), DIR = 5 dB (b)
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	Figure 2. Standard deviation of burst-wise raw BER for scenarios 1 – 4, DIR = 0 dB (a), DIR = 5 dB (b)
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	Figure 3. Skewness of burst-wise raw BER for scenarios 1 – 4. DIR = 0 dB (a) and DIR = 5 dB (b)
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	Figure 4. Kurtosis of burst-wise raw BER for scenarios 1 – 4. DIR = 0 dB (a) and DIR = 5 dB (b)
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	Figure 5. Distribution of burst-wise raw bit error rate for scenario 2/3, EFL = 40% for different (CIR, DIR) combinations. (a) (–5 dB, 0 dB) and (0 dB, 0 dB). (b) (0 dB, 5 dB) and (5 dB, 5 dB).
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	Figure 6. Distribution of burst-wise raw bit error rate for scenario 4 for different (CIR, DIR) combinations. (a) (–5 dB, 0 dB) and (0 dB, 0 dB). (b) (0 dB, 5 dB) and (5 dB, 5 dB).


5. Summary

In this contribution, the statistical properties of burst-wise raw BER for a specific SAIC receiver implementation were investigated. Raw BER distributions for all four network configuration scenarios of the feasibility study on SAIC were characterized by means of higher-order moments (standard deviation, skewness, and kurtosis). Additionally, exemplary raw BER distributions for different CIR / DIR combinations were shown.

The raw BER distribution is somehow similar to a normal distribution with significant standard deviation for low CIR and DIR values. For higher CIR and DIR values, the distribution looks more like a one-sided Laplace distribution. Whether these properties can be safely ignored for the link-to-system mapping by exploiting only the mean of the burst-wise raw bit error rate or the mapping table needs to be extended should be investigated further.
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