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[bookmark: _Toc478460554]5.3.3	Antenna array model
[bookmark: _Toc478460555]5.3.3.1	General
The AAS BS antenna array model is determined by array element pattern, array factor and signals applied to the system. The element pattern and composite antenna pattern are defined in the subclauses 5.3.3.2 and 5.3.3.3.


NOTE:	The and definition in this subclause is based on the coordinate system in subclause 5.4.4.1 of 3GPP TR 37.840 [2].
[bookmark: _Toc478460556]5.3.3.2	Array element pattern
Table 5.3.3.2-1: Array element pattern for antenna array model
	Horizontal Radiation Pattern
	


	Horizontal half-power bandwidth of single array element
	For single column antenna: 65º
For multi-column antenna: 80º

	Front-to-back ratio
	Am = 30 dB

	Vertical Radiation Pattern 
	
, SLAv =30 dB

	Vertical half-power bandwidth of single array element 
	65º

	Array element radiation pattern
	


	Element Gain without antenna losses
	For single column antenna: GE,max = 9 dBi
For multi-column antenna: GE,max = 7.5 dBi (note)

	NOTE:	GE,max is obtained from 3GPP TR 37.840 [2], table 5.4.4.2.1-1.



[bookmark: _Toc478460557]5.3.3.3	Composite antenna pattern
[bookmark: _Toc478460558]5.3.3.3.1	UE specific beamforming
Table 5.3.3.3.1-1: Composite antenna pattern for UE specific beamforming
	Configuration
	Multiple columns (NVxNH elements)

	
Composite Array radiation pattern in dB 
	For beam i:


the super position vector is given by:


the weighting is given by:



	Antenna array configuration (Row×Column)
	10×4

	Horizontal radiating element spacing d/ λ 
	0.5

	Vertical radiating element spacing d/ λ 
	0.9

	Down-tilt angle
	0°

	Power allocated to each beam
	6 dB below the maximum transmitted power



[bookmark: _Toc478460559]5.3.3.3.2	Vertical cell splitting
Table 5.3.3.3.2-1: Composite antenna pattern for AAS BS applying vertical cell splitting
	Configuration
	Single column (N-elements)

	
Composite Array radiation pattern in dBi 
	For inner cell:


For outer cell:


the super position vector is given by:


the weighting is given by:



	Antenna array configuration (Row×Column)
	10×1

	Vertical radiating element spacing d/λ
	0.9

	Power in outer/inner cell
	-3 dB/-3 dB

	Down-tilt angles for vertical cell splitting
	9°/15°



[bookmark: _Toc478460560]5.3.3.3.3	Horizontal cell splitting
Table 5.3.3.3.3-1: Composite antenna pattern for AAS BS applying horizontal cell splitting
	Configuration
	Multiple columns (NVxNH elements)

	
Composite Array radiation pattern in dBi 
	For Cell 1:


For Cell 2:


the super position vector is given by:


the weighting is given by:



	Antenna array configuration (Row×Column)
	10×4

	Horizontal radiating element spacing d/ λ 
	0.5

	Vertical radiating element spacing d/ λ 
	0.9

	Down-tilt angle 
	9°

	horizontal electrical steering for cell splitting
	±25°

	Power split (Cell1/Cell2)
	-3 dB/-3 dB



5.3.3.4	Sub-array extension
An extended version of the AAS array antenna model is created to support vertical sub-array geometries with fixed sub-array down-tilt. The model equations are summarized in Table 5.3.3.4-1. 
Table 5.3.3.4-1: 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 5.3.3.4-2, representable parameter sets relevant for an AAS base station operating within 1710 to 4990 MHz are provided. 
Table 5.3.3.4-2: 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. 
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