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1. SUMMARY 

A number of issues related to the Spatial Channel Model, both at the link and system level are 
expanded in this contribution.  These include the following topics: 

• A proposed method for defining the sub-rays. 

• A six-sector antenna pattern for the link and system level assumptions. 

2. CHARACTERIZATION AND SPECIFICATION OF SUB-RAYS 

The goal of specifying sub-rays is to produce the desired angular power spectrum per ray while also 
producing the proper temporal fading behavior.  The power azimuth spectrum of a ray has been 
suggested to have a Laplacian distribution, composed of a number of sub-rays.  In [1][2][3], a 
proposed method was given, using equal power sub-rays spaced in angle to produce a Laplacian 
distribution.  It is desirable to define the number N sub-rays having equal power so that the fading 
behavior will not be dominated by a single strong sub-ray (producing a Rician tendency), but rather 
the fading should be produced by the interaction of all N sub-rays.  To specify equal power sub-
rays, the angular spacing must be defined with respect to the power in each sub-ray so that a 
Laplacian PAS results.  The phase of each sub-ray will have a random starting value between 0-
360o. 

2.1 Distributing Sub-rays with a Laplacian 

The Laplacian PDF is defined by p(θ) in equation 1, where the standard λ parameter has been 
replaced by the standard deviation σ.     
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A reasonable approach to use when choosing the angle spacing between equal power sub-rays is to 
calculate the area under the Laplacian PDF, and set each band (separated by the sub-rays) equal to 
1/(N+1) the power of the total signal, where N is the number of sub-rays.  This approach will 
produce more consistent results than choosing randomly from a distribution.   
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Figure 1, Selection of angle positions for sub-rays based on equal powers between regions 
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Figure 1 illustrates this approach using an example with only two sub-rays, where the sub-rays 
would be selected in angle to quantize the Laplacian PDF into equally spaced divisions in power.  

Continuing with the derivation, the angle difference between the angle of two sub-rays is given by 
equation 2 which is obtained through integration of the Laplacian. 
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where both angles have the same sign, and “a” is a parameter that defines the fraction of power 
assigned to the sub-ray(s) closest to zero degrees.  If N is an odd number, the smallest absolute 
angle is zero degrees, and a=1 for all the sub-rays.  If N is an even number, a=2 for the two sub-rays 
whose absolute angles are of equal magnitude and opposite sign and nearest to zero degrees, and 
a=1 for all other sub-rays.  
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Figure 2, Eight sub-ray example for distribution in angle based on Laplacian PAS 

Equation 2, is rewritten in general form for positive angles: 
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Equation 3 solves for the second angle in terms of the first, which defines the sub-ray spacing. 
Positive values of θ are calculated in equation 3, and duplicate angle values are used for the 
negative angles.  The first sub-ray θ1 is obtained from the zero sub-ray n=0.  For an odd number of 
sub-rays there is only a single occurrence of θ0=0.  For an even number of sub-rays θ0 still equals 
zero but it is only used as an initial condition and does not exist as an actual sub-ray.   

2.2 Modeling Sub-rays 

In order to speed up the calculation of sub-rays, a procedure is given such that the calculations 
above only need to be performed once for a defined number of sub-rays.  The angles are calculated 
for a given value of azimuth spread, such as a unit variance,  e.g. σPAS = 1 is used as an initial value.  
These angle values will then be used as basis values to generate all other spreads.  The actual value 
of azimuth spread for the basis values will be calculated, and its value assigned to the constant C.  
Note that C will match the initial unit variance, i.e. C = 1, for a very large number of sub-rays, but 
for small numbers of sub-rays the calculated AS is less than 1 due to quantizing effects, thus the 
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calculated value of C will be used for subsequent scaling.  Figure 3 illustrates the dependence of 
σPAS as a function of the number of sub-rays used. 
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Figure 3, Calculated  AS for N Sub-rays using equal power band distribution 

To generate the angles for sub-rays with any given AS, the angles obtained for the basis values are 
multiplied by (σdesired/C).  This will result in a quantized Laplacian PAS with the proper AS, and 
with N equal powered sub-rays which will produce an accurate temporal fading profile. 

2.3 Scaling Predefined Sub-ray Angle Basis Functions 

After choosing the number of sub-rays, the following basis functions can be calculated. A unit 
variance is used as a starting point.  Due to quantizing, the actual variance, C is a function of the 
number of sub-rays and is calculated and used for scaling to the desired AS. 

Table 1, Sub-ray scaling example, N=10. 

Sub-ray 
Power 

Angle for 
Basis 

function 

Convert to 
σPAS = 35o 

Resulting 
Angles for 
σPAS = 35o 

0.1 -1.205o * 35o/C = -63.55o 

0.1 -0.7153 * 35/C = -37.71 

0.1 -0.4286 * 35/C = -22.60 

0.1 -0.2252 * 35/C = -11.87 

0.1 -0.06739 * 35/C = -3.553 

0.1 +0.06739 * 35/C = +3.553 
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0.1 +0.2252 * 35/C = +11.87 

0.1 +0.4286 * 35/C = +22.60 

0.1 +0.7153 * 35/C = +37.71 

0.1 +1.205 * 35/C = +63.55 

 

For the example in Table 1, a set of angles is generated for 10 sub-rays using a σPAS = 1o, as an 
initial value.  The actual AS is calculated to be 0.6639, due to the quantizing effects of the small 
number of sub-rays used.  Thus the value of C=0.6639 is used in Table 1.  As illustrated, a value of  
σPAS = 35o is desired, so the scaling is thus 35/0.6639 = 52.72.  The resulting set of angles in 
column 4 of Table 1 describe a quantized Laplacian distribution with 10 equal powered rays and 
which produce a calculated value of σPAS = 35o. 
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Figure 4, Example of scaling the angles of sub-rays to achieve desired AS 

The scaling procedure from Table 1 is also shown graphically in Figure 4, (not to scale), where the 
initial angle values are scaled by the factor σdesired/C, thus causing them to be increased to obtain the 
desired AS.  The Laplacian distribution is maintained and the AS is scaled to the proper value.  Note 
that as the AS is increased the sub-rays are spreading out in angle.  When the furthest sub-rays 
approach +/- 180 degrees, the AS is approximately 99o.  This value is slightly less than 104o, which 
is the AS for a uniform distribution of sub-rays.  This makes sense since the quantized Laplacian 
has more occurrences of sub-rays near zero degrees than uniformly distributed.  

3. SIX SECTOR ANTENNAS 

In order to compare various configurations of multiple antennas, it will be convenient to have a 6-
sector antenna defined.  The following information describes a typical 6-sector antenna, pattern 
shape, beam width, max attenuation, and antenna gain. 
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Figure 5, Six-sector antenna pointing direction 

Figure 5 describes the pointing direction with the antenna boresite in the direction of the corner of 
the hexagon, where the base station is at the center of the hexagon. 
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Figure 6, Proposed 6-sector antenna pattern for link and system level assumptions 
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The six-sector antenna pattern shape given in Figure 6 is suggested for use in both the link and 
system level assumptions when making comparisons to a 6-sector configuration.  Equation 4 is the 
same equation used for the 3-sector antenna[4], where Am is the maximum attenuation, and is 
assumed to be 20dB, the same as the previous value in [4]. θ3dB is the 3dB beam width, and is 
suggested to be 35 degrees, a value equal to half of the 3-sector value.  The current 3-sector 
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beamwidth is 70 degrees with a gain of 14dBi [5].  Since the beamwidth is decreasing to half, the 
gain can be assumed to increase by 3dB.  Thus the gain for the 35 degree antenna can be assumed to 
be 14+3= 17 dBi.  

4. CONCLUSION 

A simple and efficient method of generating a predefined number of equal power sub-rays, with an 
angle spacing that will produce a Laplacian PAS was described.    

This method is scalable so that the angles need only be generated once, and can subsequently be 
scaled to any AS by simply multiplying the angle values by a constant. 

A proposed 6-sector antenna configuration was shown using the same equation for pattern shape as 
other antennas currently assumed in 3GPP and 3GPP2.  The antenna gain of 17dBi, a beamwidth of 
35o, and a maximum attenuation of 20dB is specified.  These values were obtained by reducing the 
3-sector antenna pattern in half. 
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This document uses some or all of the following terms: 
AS – Azimuth Spread of Rays (or sub-rays)– The square-root of the second order central moment of 
the power weighted arriving or departing rays (or sub-rays) angles, AS = σPAS.  
AoA – Angle of Arrival – The  median of the distribution of arrival angles of a group of sub-rays at 
the MS, 
DS – Delay Spread – The square-root of the second order central moment of the power weighted 
delays, 
AoD – Angle of Departure – The median of the distribution of departure angles of  a group of sub-
rays from the BS. 

 


