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Abstract:
This contribution defines per path and composite signal statistics for system level angle spread modeling. It also provides a verification of the model with an explicit plane wave Monte Carlo simulation.
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Discuss and adopt.
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1. Introduction

This contribution is a revision and refinement of a previous contribution [1] and contains further analysis for the angle spread modeling for system level simulation purposes. Per path  and composite angle spread values are proposed with an illustration of the resulting statistics. 

2. ANGLE SPREAD PARAMETER DEFINITIONS

Figure 1 shows a realization of the spatial parameters related to the composite and per path angle spread that need to be defined between each base station and mobile station connection. The example is given for a single path scenario. 
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Figure 1. Spatial Parameters for the base station in a single path scenario

The following definitions are used in Figure 1: 

· 
[image: image2.wmf]BS

W

: Base Station orientation. It is defined as the difference between the broadside of the BS array and a North (N) reference direction. 
· i: label of path in the multipath model. Each path is modeled by a cluster. A cluster is a group of scatterers (that generate plane waves) inducing the angular dispersion of energy. Each path here corresponds to a path in the ITU set of models and is associated with a relative power and excess delay with respect to the first path.  

· 
[image: image3.wmf]i

P

: relative power of each path defined in the multipath temporal model. 
· 
[image: image4.wmf]o

q

: mean composite angle of arrival. It is derived from geometry as the difference between the BS-MS LOS and the BS array broadside. Note that for channel models with unequal powers per path the LOS-based mean composite AOA may not coincide with the mean composite angle of arrival. More details are given later in the text.
· 
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: per path mean angle of arrival difference relative to the mean composite AOA 
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. It is derived from a real, zero mean Gaussian process, i.e. 
[image: image7.wmf]0

}

{

=

i

E

d


· 
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q

: per path mean absolute AOA with respect to the BS broadside. The following relationship applies: 
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· 
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: plane wave angle of arrival. It has the following first and second order statistics: 
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 for the base station. For the MS: 
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. Note that the 
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 may not coincide with 
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 in the case that the powers of the paths are not equal. 
· 
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s

: per path rms angle spread. Derived from a lognormal distribution with mean: 
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 for all paths for the BS while for the MS it equals 
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. The paramaters of the lognormal distribution are given in Table 1. In this distribution, the standard deviation of the per path AS assumes a value of 
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in the logarithmic scale. This value is recommended  in the COST 259 model. 
· The Power azimuth spectrum for each path is thus given by:
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(1)
· The composite and per path signal AS are associated with the following relationship, assuming all paths have identical mean rms AS and relative AOA statistics:
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(2)

The derivation of expression (2) is given in the Appendix. It is thus derived that for the Pedestrian-A model
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 at the base station, while for the MS, expression (2) gives 
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. Results for other models are included in Table 1. Table 1 also summarizes the whole set of values chosen in the above modeling.

Additional definitions for the mobile station are also given in Figure 1:

· 
[image: image25.wmf]MS
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: mean composite angle of arrival at the mobile station. It is derived from geometry as the difference between the BS-MS LOS and the MS broadside. 

· 
[image: image26.wmf]MS

W

: MS orientation. It is defined as the difference between the broadside of the MS array and the North reference direction. This is a different definition than the one given in [2].
Table 1: Per Path and Composite signal Moments

	
	BS
	MS

	Composite mean rms AS 
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	Per Path Relative AOA St.Dev. 
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Gaussian Distribution
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	Per Path mean rms AS 
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	Ped-B , Veh-A
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3. verification with the plane-wave model

The modeling in Section 2 can be used in conjunction with the plane-wave model defined in [3]. The plane-wave model is used here to provide an independent verification of the validity of the proposed angle spread modeling for the system level analysis. Repeating from [3] and modifying some of the variables to conform to the definitions in Section 2, the composite incoming signal to the first base station antenna can be described as: 
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(3)

where


[image: image53.wmf]T


is the number of paths as defined in the temporal channel model
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is the relative power of the 
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-th path (modeled by a cluster in Figure 1)
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is the excess delay of the 
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-th path and 
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 is the delta function. 
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is the number of sinusoids for each path
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is the complex amplitude of the 
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-th sinusoid in the 
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-th path, modeled by a complex Gaussian random variable, N(0,1).


[image: image63.wmf]i

l

,

q


is the angle, with respect to the BS broadside, of the 
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-th sinusoid in the 
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-th path
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is the combined antenna response and Power Azimuth Spectrum of the 
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-th path

as a function of the angle, see (1), with respect to the mean angle of arrival of the 
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-th path, namely: 
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The expression in (4) assumes calculations a the first antenna in the array for which m=0. Note that: 
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  are the antenna spacings (
[image: image71.wmf]s

d

) which are multiples of the half-wavelength.

The base station antenna pattern is not modeled here. A similar formulation to expression (3) can be repeated for the terminal. 

A Monte Carlo simulation based on expression (3) results in the CDF profiles seen in Figures 2 through 5. Results for three channel models, Pedestrian A,B and Vehicular A are shown. Figures 3 and 5 show the per path angle spread cdf as obtained from the proposed distribution in Table 1. The values in Table 1 are used to model the per path statistics. The composite angle spread statistics are derived directly from the simulation and the mean composite angle spread matches the desired values in Table 1. The results shown are drawn out of L=70 waves for each path in the ITU models and averaged over 4000 Monte Carlo runs. The simulation results conform to the mean values as suggested by expression (2).

4. CONCLUSION

The proposed angle spread model provides sufficient detail for system level modeling purposes by its ability to match the composite and per path angle spread moments. 
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APPENDIX

Derivation of expression (2) is given below. A new variable 
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 is defined to represent the wave angle within the 
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-th path with respect to the mean per path AOA. Note that all paths have identical per path rms AS, 
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, and relative AOA variance, 
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Figure 2. Composite angle spread cdf at the base station
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Figure 3. Per path angle spread cdf at the base station

[image: image79.emf]0 50 100 150 200 250 300

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Composite Angle Spread (degrees)

CDF

Composite AS CDF - Terminal

Pedestrian A

Pedestrian B

Vehicular A


Figure 4. Composite angle spread cdf at the terminal
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Figure 5. Per Path angle spread cdf at the terminal

Notice


©2002 Lucent Technologies. All rights reserved.


The information contained in this contribution is provided for the sole purpose of promoting discussion within the 3GPP2 and its Organization Partners and is not binding on the contributor.  The contributor reserves the right to add to, amend, or withdraw the statements contained herein.


The contributor grants a free, irrevocable license to 3GPP2 and its Organization Partners to incorporate text or other copyrightable material contained in the contribution and any modifications thereof in the creation of TIA or 3GPP2 publications; to copyright and sell in Organizational Partner’s name any Organizational Partner’s standards publication even though it may include portions of the contribution; and at the Organization Partner’s sole discretion to permit others to reproduce in whole or in part such contributions or the resulting Organizational Partner’s standards publication





� EMBED Visio.Drawing.6  ���








2

_1078043325.unknown

_1079280005.unknown

_1079352034.unknown

_1079444725.unknown

_1079455000.unknown

_1079514327.unknown

_1079518735.unknown

_1079513732.unknown

_1079454924.unknown

_1079352107.unknown

_1079352288.unknown

_1079358022.unknown

_1079444555.unknown

_1079357357.unknown

_1079352250.unknown

_1079352087.unknown

_1079297108.unknown

_1079351815.unknown

_1079352001.unknown

_1079297415.unknown

_1079301140.unknown

_1079301183.unknown

_1079297161.unknown

_1079280160.unknown

_1079280214.unknown

_1079296014.unknown

_1079280132.unknown

_1079167787.unknown

_1079168045.unknown

_1079168335.unknown

_1079168616.unknown

_1079175787.vsd

_1079168240.unknown

_1079167863.unknown

_1079167594.unknown

_1079167673.unknown

_1079167408.unknown

_1079167570.unknown

_1078043337.unknown

_1076232593.unknown

_1077987889.unknown

_1078043187.unknown

_1078043239.unknown

_1078042918.unknown

_1077984021.unknown

_1077984076.unknown

_1077987673.unknown

_1077984067.unknown

_1076236520.unknown

_1076237112.unknown

_1076189888.unknown

_1076193165.unknown

_1076193241.unknown

_1076232434.unknown

_1076193287.unknown

_1076193219.unknown

_1076190892.unknown

_1076191618.unknown

_1076190102.unknown

_1076190836.unknown

_1076189669.unknown

_1076189800.unknown

_1076189321.unknown

