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[bookmark: _Toc494384414]5.2.3	Antenna and beam forming pattern modelling
[bookmark: _Toc494384415]5.2.3.1	General
A general antenna model is a uniform rectangular panel array, comprising MgNg panels, as illustrated in Figure 5.2.3.1-1.
-	Mg is number of panels in a column
-	Ng is number of panels in a row
-	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 5.2.3.1-1 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 .


Figure 5.2.3.1-1: General antenna model


For a uniformly distributed array (ULA) antenna, as shown in Figure 5.2.3.1-2, the radiation elements are placed uniformly along the vertical z-axis in the Cartesian coordinate system. The x-y plane constructs the horizontal plane. A signal acting at the array elements is in the direction of u. The elevation angle of the signal direction is denoted as (defined between 0° and 180°, 90° represents perpendicular angle to the array antenna aperture) and the azimuth angle is denoted as(defined between -180° and 180°).
[image: ]
Figure 5.2.3.1-2: Antenna Array Geometry
The linear phase progression based beamforming is assumed, as described in Table 5.2.3.1-1.
Table 5.2.3.1-1: Composite antenna pattern
	Parameter
	Values

	
Composite Array radiation pattern in dB 
	For beam i:


the super position vector is given by:


the weighting is given by:





In this simulation, there is one beam formed using all the antenna elements. Each beam is directed to one scheduled UE.



Note the above gives the correct antenna array radiation pattern, however the correct gain is only achived if the element pattern  is selected for the exact element spacing. For other element spacings, the element pattern  must be separately calculated such that it is correct for the element spacing (dg,H and dg,V). If  is not linked to the element spacing then the calculated absolute gain may diverge from the correct value in a manner that varies as the beam is steered.
The correct composite array radiation pattern directivity(D) is given by:

	,
The composite array radiation pattern gain can then be calculated as:

	

Where L is the Loss ascotiated with the antenna. This is currently included in the estimate for element gain , and is 1.8dB.
[bookmark: _Toc494384416]5.2.3.2		BS Antenna modelling
[bookmark: _Toc494384417]5.2.3.2.1	Urban macro scenario
Table 5.2.3.2.1-1: BS antenna modelling for Urban macro scenario
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	



	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	8 dBi

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 8, 16, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	Note:	An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is horizontal.



[bookmark: _Toc494384418]5.2.3.2.2	Dense urban scenario
Table 5.2.3.2.2-1: BS antenna element pattern for Dense urban scenario
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	



	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	8 dBi

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 8, 16, 2)
For 45GHz and 70GHz: (1, 1, 8, 16, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	Note:	An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is horizontal.



[bookmark: _Toc494384419]5.2.3.2.3	Indoor scenario
Table 5.2.3.2.3-1: BS antenna element pattern for Indoor scenario
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	



	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5 dBi

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 4, 8, 2)
For 45GHz and 70GHz: (1, 1, 8, 16, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	Note:	An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is perpendicular to the ceiling.



[bookmark: _Hlk81222568]5.2.3.2.4	Array antenna model extension 
To model an AAS BS equipped with a sub-array antenna geometry an extended antenna model is required. A sub-array antenna geometry is created by combining vertical elements to sub-arrays as indicated in Figure 5.2.3.2.4-1. The antenna model extension was created to model AAS base station operating within the frequency range 1710 to 4990 MHz required for sharing studies in ITU-R.
[image: ]
Figure 5.2.3.2.4-1: Sub-array structure
[bookmark: _Hlk81222699]In Table 5.2.3.2.4-1, the parameters used by the parameterized array antenna model supporting sub-array geometries are described.
Table 5.2.3.2.4-1: Extended parameter definitions
	Level
	Parameter
	Symbol
	Unit

	

Element
	Front to back ratio
	Am
	dB

	
	Side lobe suppression
	SLAv
	dB

	
	Horizontal half power beamwidth
	3dB
	Degrees

	
	Vertical half power beamwidth
	3dB
	Degrees

	
	Array element peak gain
	GE,max
	dBi

	
Sub-array
	Number of element rows in sub-array
	Msub
	Integer

	
	Vertical element separation 
	dv,sub
	m

	
	Electrical pre-set sub-array down-tilt angle
	subtilt
	Degrees

	

Array
	Number of elements/sub-array rows
	M
	Integer

	
	Number of elements columns
	N
	Integer

	
	Horizontal element separation
	dh
	m

	
	Vertical element/sub-array separation
	dv
	m

	
	Electrical down-tilt angle
	etilt
	Degrees

	
	Electrical scan angle
	escan
	Degrees



The parameterized antenna model is built around array antenna model where the element factor, array factor and linear phase progressing is characterized as described by equations in Table 5.2.3.2.4-2.

Table 5.2.3.2.4-2: Extended AAS model 
	Description
	Equation

	Peak normalized element radiation pattern
	


	Peak gain normalized element radiation pattern
	

	Sub-array excitation
	

	Sub-array radiation pattern
	
, where


	Array excitation
	

	Composite array radiation pattern
	
, where




In Table 5.2.3.2.4-3, representable parameter sets relevant for an AAS base station operating within 1710 to 4990 MHz are provided. 
Table 5.2.3.2.4-3: Antenna array parameters
	Parameter
	Macro Rural
	Macro suburban
	Macro urban

	Element gain (dBi) (Note 2)
	6.4
	6.4
	6.4

	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
65º for V
	90º for H
65º for V
	90º for H
65º for V

	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V
	30 for both H/V
	30 for both H/V

	Antenna polarization 
	Linear ±45º
	Linear ±45º
	Linear ±45º

	Antenna sub-array configuration (Row × Column) 
(Note 4)
	4 × 8 elements
	4 × 8 elements
	4 × 8 elements

	Horizontal/Vertical radiating sub-array spacing 
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V

	Number of element rows in sub-array
	3
	3
	3

	Vertical element separation in sub-array ()
	0.7 of wavelength of V
	0.7 of wavelength of V
	0.7 of wavelength of V

	Pre-set sub-array down-tilt (degrees)
	3
	3
	3

	Array Ohmic loss (dB) (Note 2)
	2
	2
	2

	Conducted power (before Ohmic loss) per sub-array (dBm) (Note 3) 
	28
	28
	28

	Base station horizontal coverage range (degrees)
	+/-60
	+/-60
	+/-60

	Base station vertical coverage range (degrees) (Note 1)
	90-100
	90-100
	90-100

	Mechanical down-tilt (degrees) 
	3
	6
	6

	Note 1: The vertical coverage range is given for the elevation angle θ, defined between 0° and 180°.
Note 2: The element gain includes the loss and is per polarization.
Note 3: The conducted power per sub-array assumes 4x8x2 sub-arrays (i.e., power per H/V polarized element).
Note 4: 4 × 8 means there are 4 vertical and 8 horizontal radiating sub-arrays. 
Note 5: For the case of 3 elements per sub array, dv will be 2.1 wavelengths.




[bookmark: _Toc494384420]5.2.3.3		UE antenna element pattern
Table 5.2.3.3-1: UE antenna element pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	



	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5 dBi

	(Mg, Ng, M, N, P) 
	 (1, 1, 2, 2, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees*
Fixed elevation: 90 degrees

	NOTE:	This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.
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