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1.
Discussion and Proposal
At previous RAN4 meetings an ULA and URA antenna models was agreed and included in TR 37.840. These models assume a fixed maximum array gain (typically set to 18 dBi for a 10 element ULA). At the RAN4#64bis meeting in Santa Rosa text proposals with simulation results related to directivity characteristics of an ULA antenna was presented [3, 4]. In earlier contributions [1, 2] it is showed that the directivity of an array antenna will depend on tilt and scan angles and element separations. It can be seen that the directivity will drop as consequence of generated grating lobes. This phenomenon is often referred to as scan-loss. When applying large tilt or/and scan angels to control the main beam the scan-loss could be up to 3 dB for 10 element ULA antenna where element separations is set to 0.9

The current ULA/URA antenna model agreed and included in TR for calculating array antenna radiation pattern will not capture the true directivity as defined in specific contribution [5]. If not antenna parameters are chosen properly the consequence is that the gain pattern used in simulations will contain a gain offset. As long as simulation parameters are aligned and the tilt/scan angles are relatively small it is suggested to use the simplified model agreed in section 5.4.4.2 in TR. 
In the attached text proposal directivity is analysed for a single array element and a 10 element ULA. 

To capture array directivity properties of an array antenna in the SI we propose to include the attached text proposal in Annex C of the TR. 
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[Text Proposal]
C.5
Directivity characteristics

The directivity is determined by the electrical far-field pattern generated by an antenna meaning that the directivity will depend on array configuration and excitation. 

The maximum directivity is a ratio of the maximum radiation intensity to the radiation intensity averaged over all directions.

The maximum directivity of an antenna is defined as: 
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 is the electric far-field pattern of an arbitrary antenna.
C.5.1
Array Element
In section 5.4.4.2 parameters defining the array element characteristics are stated. This section presents an analysis of the directivity of a single array element based on currently defined parameter values.

According to section 5.4.4.2 the radiation pattern for a single antenna element for vertical and horizontal plane is defined as:

Where the composite array element pattern is defined as:
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Since the vertical and horizontal contribution is maximum normalized the composite radiation pattern is adjusted with a gain factor (
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). 

Together with the parameterized model corresponding parameter values are defined in Table 5.4.4.2.-1. The parameters related to the element characteristics are listed in Table C.5.1-1. 

Table C.5.1-1: Array Element Parameters
	Parameter
	Symbol
	Value
	Unit

	Horizontal 3dB Beam-width
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	65
	degrees

	Front-to-Back Ratio
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	30
	dB

	Vertical 3dB Beam-width
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	65
	degrees

	Side Lobe Suppression
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	30
	dB

	Array Elemen Gain
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	8
	dBi



The maximum gain of an array element is determined by the vertical beam-width, horizontal beam-width, Side-lobe suppression and Front-to-back ratio. It can be noted from Table C.5.1-1 that element gain is specified specifically.   

The array element directivity is analysed for given parameters. The electrical far-field pattern generated by a single antenna element can be expressed as: 
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 is the far-field pattern in dB.

The directivity is plotted in Figure C.5.1-1 as function of vertical beam-width (
[image: image12.wmf]dB
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) and horizontal beam-width (
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). From Figure C.5.1-1 the directivity variation is identified to be in the interval 6-13 dBi depending of element beam-width configuration (
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 and 
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 is swept from 40 to 120 degrees). 

[image: image16.emf]6

7

7

7

8

8

8

9

9

9

9

10

10

10

10

11

11

12

13

Horizontal beam-width [degrees]

Vertical beam-width [degrees]

Element directivity

 

 

40 50 60 70 80 90 100 110 120

40

50

60

70

80

90

100

110

120

6

7

8

9

10

11

12

13


Figure C.5.1-1: Array Element Directivity
For an element configuration with beam-widths of 65 degrees for both horizontal and vertical domain, as assumed for simulations of coexistence in Table 5.4.4.2.-1 the directivity for a single element is 9.8 dBi. 
C.5.2
Scan Loss
The spatial characteristics will describe capabilities of enabling spatial filtering and thereby reducing interference and increase the total cell capacity. The directivity is a vital property of an array antenna. The directivity of an array antenna will depend on element separation, element characteristics and applied beam control angles. 

Table C.5.2-1: Array Parameters
	Parameter
	Symbol
	Value
	Unit
	Note

	Array configuration
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	10x1
	units
	Vertical ULA

	Vertical element separation
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	0.5, 0.7, 0.9
	m
	

	Array Gain
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	0
	dBi
	

	Down-tilt angle
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	0..50
	degrees
	


The simulations in this section will analyze radiation pattern and directivity of an array antenna when large tilt angles are applied. The directivity of an antenna is crucial property to capture in link- and system level simulations analyzing receiver in-band blocking or cell capacity. 
The electrical far-field pattern generated by an array antenna can be expressed as: 
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 is the far-field pattern in dB.
To evaluate the directivity as function of tilt angles a 10 element ULA was configured. The elements were placed along the z-axis with the main beam direction along the x-axis. The main beam is tilted electrically by applying linear phase taper weights as described in Table 5.4.4.2-2. Since the directivity of an array antenna is depended of the element separation distance, the directivity will be calculated for tree different configurations with element separation of 0.5, 0.7 and 0.9.

To visualize side lobe and grating lobe response as function of element separation and tilting the radiation pattern is plotted as maximum normalized far-field pattern for 0, 20 and 40 degrees down tilt angles in for array configuration with element separation of 0.5 and 0.9. 
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Figure C.5.2-1: Array Antenna Pattern with element separation equal to 0.5.
As seen in Figure C.5.2-1 the radiation pattern is dominated by the main beam for array antennas with 0.5 element separation.
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 Figure C.5.2-2: Array Antenna Pattern with element separation equal to 0.9.
In Figure C.5.2-2 the element separation distance is increased to 0.9. It can be noticed that with this configuration the antenna is more susceptible to generate grating lobes when tilt is applied. The grating lobes will impact antenna directivity by radiating energy is unwanted directions.

The directivity of the antenna will depend on the tilt angle and element separation as showed in Figure C.5.2-3.
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Figure C.5.2-3: Directivity as function of down-tilt angle.
The directivity loss due to large tilt angles is known as scan-loss, Figure C.5.2-3 show scan-loss characteristics for a 10 element ULA antenna different element separations and tilt-angles. Since the gain of an antenna is directly associated to the directivity is it important to capture the scan-loss characteristics in link level and system level simulation studies.
C.5.3
Array Gain
The gain, 
[image: image26.wmf]G

 of an array antenna can be calculated by subtracting the losses from the directivity. In practice, gain is often a more interesting performance measure than directivity. 
The array antenna gain as function of 
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 and 
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 is the directivity minus dissipative losses according to:
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 is the dissipative loss of the AAS excluding loss associated with impedance matching and polarization loss.

When referring to directivity and gain without specifying the direction explicitly, one usually refers to maximum directivity 
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 and maximum gain 
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[The end of text proposal]
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