Memo: RMS Angle Spread

Author: George Calcev

Date: 05/02/02

RMS Angle of Arrival (AOA) Definition

Several statistics could be defined for a given power delay profile: averaged power delay profile, mean delay, RMS delay spread, max delay and min delay. The mean delay and RMS delay spread are defined as fallows:
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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 
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, where 
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 is the angle of line-of-sight (LOS), 
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 is the angle of cluster ith with respect to LOS, and 
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 is the ray (wave) l in cluster i.

The RMS angle spread as per cluster basis is defined as:
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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
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 is the total power received from the ith cluster. Simple calculations show, as expected, that the 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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Even if in one simulation the number of clusters is relatively low (4-6), after a large number of Monte Carlo simulations the statistics associated to the clusters are close to central moments of the Laplace distribution, therefore the following equalities are true for symmetric distributions:
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The RMS angle spread of the signal becomes:
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Standard deviation of AOA

Consider angle statistics for all drops:
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Where 
[image: image15.wmf]d
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 and 
[image: image16.wmf]D

S

 are the standard deviations for the cluster angles and respectively for the ray angles. Note that they are different from the RMS values for power cluster-angle and respectively for power ray-angle profiles. The equality is true because the cluster’s angle and the ray’s angles are not correlated. On the other hand,
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Therefore the standard deviation of the signal is equal to sum of the standard deviations of the cluster angles and of the ray angles distributions, as expected.

Consider now the angle statistics per drop, in this case only the expectation per cluster makes sense because of reduced number of clusters. In this case:
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Similar for the average:


[image: image19.wmf](

)

(

)

{

}

(

)

(

)

(

)

(

)

2

1

2

1

0

2

1

2

0

2

1

2

0

2

,

0

2

}

{

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

+

¹

÷

ø

ö

ç

è

æ

+

÷

ø

ö

ç

è

æ

=

+

=

D

+

+

=

å

å

å

å

=

=

=

=

N

k

k

N

i

i

i

N

k

k

i

N

k

k

i

l

i

i

l

l

P

P

P

P

E

E

d

q

d

q

d

q

d

q

q


Conclusion

This paper shows the RMS angle spread expression as function of power cluster’s angle and power angle’s ray spectrums. The formula is calculated under the assumption that the model has a large number of rays and clusters (which corresponds to the usual Monte Carlo simulations) and that the cluster spreads are equal. The final formula 
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 differs from the formula presented in [1].  A possible source of errors, in [1], are in the use of the expectation per drop as it is showed above.
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