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1 Introduction

In two earlier contributions, [LUC] and [MOT], closed form expressions for the composite signal angle spread were derived. This document merges the two approaches into a unified formulation. The included results may be useful in the system level modeling of the SCM AHG. 

2 Derivations

Consider an RF channel model with N clusters, each cluster having M rays, where the angle of arrival (AOA) for each ray at Node B with respect to the antenna broadside is 
[image: image1.wmf]l
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, where 
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 is the angle of line-of-sight (LOS), 
[image: image3.wmf]i
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 is the angle of cluster ith with respect to LOS, and 
[image: image4.wmf]l
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 is the ray (wave) l in cluster i.
The RMS angle spread as per signal basis is defined as:
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Let suppose that the specific power azimuth spectrums for clusters and for rays are known. For instance, if cluster’s power azimuth spectrum has a Laplace distribution:
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Where
[image: image7.wmf]å
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 is the total power received from the ith cluster. Simple calculations show, as expected, that the rms per path angle spread is RMSi= σi, for a large number of rays per cluster, which justifies the normalizations condition from the Laplace distribution. On the other hand, the power cluster angle spectrum for a Laplace distribution is expressed as:
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Two distributions are important in the angle of arrival/departure characterization of RF channel: the power azimuth spectrum and the angle of arrival distribution. If the first one shows the dependence between the angle of arrival and the power, the second one represents the probability distribution of the angle of arrival and they can look quite different. In our analysis, we consider that both the ray angle of arrival and the cluster angle have normal distributions, as follows:  
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The spreads of the angle of arrivals (AOA) for rays and for clusters are 
[image: image10.wmf]2
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The RMS angle spread of the composite signal becomes:
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Expression (2) above is the limit over the sum (M) of rays. This result is also equivalent to taking the expectation on the RMS expression over the ray angle 
[image: image12.wmf]l
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. The expression (2) represents also the resulting composite rms angle spread for a specific channel realization or, in other words, drop. That is, for a given LOS angle 
[image: image13.wmf]0
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 and for given finite set of clusters N with cluster AoDs 
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, expression (2) gives the composite signal rms AS. 

Two cases are explored in the following: 

1. The first case considers a rms value for each drop i.e. realization of the RF channel. In this case the rms itself is a random variable and therefore an expectation of the rms can be calculated. Consider the special case where the number of clusters is fixed, the cluster’s rms angle spread is fixed and equal for all clusters, i.e.,
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, and the power per path 
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 is independent of the cluster angle 
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. Then an expectation can be applied on the rms’ expression (2) over the cluster angles 
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. This is equivalent to an expectation over all the drops. The cluster angles 
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 are random variables and are iid with 
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. Then, marginal distributions can describe their statistics. From (2) we obtain the result (which is also shown in [LUC]):
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 2. In the second case, the rms value is defined based on the averaged angle-azimuth profiles corresponding to all drops (RF channel realizations) put together. In this case, there is no restriction on the clusters’ number in each drop, or clusters’ power. As presented in [MOT], the rms value is:
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Notice that in this case the rms is not a random variable anymore, and is calculated in the same way the rms delay spread is considered i.e. based on the averaged profiles.

3 CONCLUSIONS

This document considered two approaches for the rms angle spread computation, the mean of the rms angle spread and the rms of the mean power angle profile. Which one is better is depending on the physical interpretations of these two rms, as well as on the RF model implemented. Similar issues for the rms delay spread were considered in  [MOL].
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