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3.2
Symbols

For the purposes of the present document, the following symbols apply:
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antenna radiation power pattern 
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maximum attenuation
d2D
2D distance between Tx and Rx
d3D
3D distance between Tx and Rx
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antenna element spacing in horizontal direction
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antenna element spacing in vertical direction
f
frequency
fc
center frequency / carrier frequency
Frx,u,θ
Receive antenna element u field pattern in the direction of the spherical basis vector 
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Frx,u,ϕ
Receive antenna element u field pattern in the direction of the spherical basis vector 
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Ftx,s,θ
Transmit antenna element s field pattern in the direction of the spherical basis vector 
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Frx,s,ϕ
Transmit antenna element s field pattern in the direction of the spherical basis vector 
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hBS
antenna height for BS
hUT
antenna height for UT
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spherical unit vector of cluster n, ray m, for receiver
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spherical unit vector of cluster n, ray m, for transmitter
(
bearing angle
(
downtilt angle
(
slant angle
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wavelength

cross-polarization power ratio in linear scale

lgASA
mean value of 10-base logarithm of azimuth angle spread of arrival

lgASD
mean value of 10-base logarithm of azimuth angle spread of departure

lgDS
mean value of 10-base logarithm of delay spread

lgZSA
mean value of 10-base logarithm of zenith angle spread of arrival

lgZSD
mean value of 10-base logarithm of zenith angle spread of departure
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side-lobe attenuation in vertical direction
lgASA
standard deviation of 10-base logarithm of azimuth angle spread of arrival

lgASD
standard deviation of 10-base logarithm of azimuth angle spread of departure

lgDS
standard deviation value of 10-base logarithm of delay spread

lgZSA
standard deviation of 10-base logarithm of zenith angle spread of arrival

lgZSD
standard deviation of 10-base logarithm of zenith angle spread of departure
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standard deviation of SF
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azimuth angle
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zenith angle
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spherical basis vector (unit vector) for GCS
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spherical basis vector (unit vector) for LCS
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horizontal 3 dB beamwidth of an antenna
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spherical basis vector (unit vector), orthogonal to 
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, for GCS
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spherical basis vector (unit vector), orthogonal to 
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, for LCS
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electrical steering angle in vertical direction
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vertical 3 dB beamwidth of an antenna
(
Angular displacement between two pairs of unit vectors
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7.3
Antenna modelling

This subsection captures the antenna array structures considered in this SI for calibration.

The BS antenna is modelled by a uniform rectangular panel array, comprising MgNg panels, as illustrated in Figure 7.3-1
 with Mg being the number of panels in a column and 
Ng being the number of panels in a row. Furthermore the following properties apply:
-
Antenna panels are uniformly spaced in the horizontal direction with a spacing of dg,H and in the vertical direction with a spacing of dg,V.
-
On each antenna panel, antenna elements are placed in the vertical and horizontal direction, where N is the number of columns, M is the number of antenna elements with the same polarization in each column. 
-
Antenna numbering on the panel illustrated in Figure 7.3-1 assumes observation of the antenna array from the front (with x-axis pointing towards broad-side and increasing y-coordinate for increasing column number). 
-
The antenna elements are uniformly spaced in the horizontal direction with a spacing of dH and in the vertical direction with a spacing of dV. 
-
The antenna panel is either single polarized (P =1) or dual polarized (P =2). 

The rectangular panel array antenna can be described by the following tuple 
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Figure 7.3-1: Cross-polarized panel array antenna model

The antenna radiation power pattern of each antenna element is generated according to Table 7.3-1.

Table 7.3-1: Radiation power pattern of a single antenna element
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
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	Horizontal cut of the radiation power pattern (dB)
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	3D radiation power pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi


7.3.1
Antenna port mapping
Legacy BS array antennas, i.e. uniform linear arrays with fix phase shifts between its M elements to obtain a beamtilt in vertical direction are modelled using complex weights
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(7.3-1)
where m=1, …, M, 

 is the electrical vertical steering angle defined between 0° and 180° (90° represents perpendicular to the array). 
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 denotes the wavelength and 
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 the vertical element spacing.
7.3.2
Polarized antenna modelling
In general the relationship between radiation field and power pattern is given by:
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(7.3-2)

The following two models represent two options on how to determine the radiation field patterns based on a defined radiation power pattern.
Model-1:

In case of polarized antenna elements assume 
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 is the polarization slant angle where 
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 degrees corresponds to a purely vertically polarized antenna element and 
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degrees correspond to a pair of cross-polarized antenna elements. Then the antenna element field components in 
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 and 
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 direction are given by
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(7.3-3)
where 
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Note that the zenith and the azimuth field components 
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 are defined in terms of the spherical basis vectors of an LCS as defined in Section 7.1. The difference between the single-primed and the double-primed components is that the single-primed field components account for the polarization slant and the double-primed field components do not. For a single polarized antenna (purely vertically polarized antenna) we can write 
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is the 3D antenna radiation power pattern as a function of azimuth angle 
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 and zenith angle 
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 in the LCS as defined in Table 7.3-1 converted into linear scale.
Model-2:

In case of polarized antennas, the polarization is modelled as angle-independent in both azimuth and elevation, in an LCS. For a linearly polarized antenna, the antenna element field pattern, in the vertical polarization and in the horizontal polarization, are given by
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(7.3-4)
and
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respectively, where 
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 is the polarization slant angle and 
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is the 3D antenna element power pattern as a function of azimuth angle, 
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in the LCS. Note that 
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 degrees correspond to a purely vertically polarized antenna element. The vertical and horizontal field directions are defined in terms of the spherical basis vectors, 
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 respectively in the LCS as defined in Section 7.1.2. Also 
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 as defined in Table 7.1-1.
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