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1 Introduction
As discussed during the last RAN4 meeting on NR Rel-16 introduce new SI on 7-24GHz [1] spectrum for mobile communication, this paper provides some practical information on the electrical properties of the materials in the frequency range 7-24GHz.

In the ITU-R recommendation [6], there is the definition of the electrical properties of materials on the permittivity and the conductivity. 
2 Definition
The characteristics of the Earth’s surface can be characterized by three parameters:

–
the magnetic permeability, [image: image2.png]


,
–
the electrical permittivity, [image: image4.png]


, and
–
the electrical conductivity
, [image: image6.png]


.
Magnetic permeability is a measure of a material’s ability to support the formation of a magnetic field within itself in response to an applied magnetic field; i.e. the magnetic flux density B divided by the magnetic field strength H. Electrical permittivity is a measure of a material’s ability to oppose an electric field; i.e. the electrical flux density D divided by the electrical field strength E. Electrical conductivity is a measure of a material’s ability to conduct an electric current; i.e. the ratio of the current density in the material to the electric field that causes the current flow.

2.1 Permittivity
Permittivity is defined by the real part of the relative permittivity, (', were derived. This is:
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Where f is frequency in GHz and ( is in S/m. ((' is dimensionless.) The values of a and b are given in Table 1.3.
The calculation of the equation in function of the frequency and the material are given in the table 1.1:
Table 1.1: Permittivity in function of the frequency

	Material class
	Permittivity

	
	Frequency [GHz]

	
	7
	10
	13
	16
	18
	24

	Vacuum (≈ air)
	1
	1
	1
	1
	1
	1

	Concrete
	5.31
	5.31
	5.31
	5.31
	5.31
	5.31

	Brick
	3.75
	3.75
	N/A
	N/A
	N/A
	N/A

	Plasterboard
	2.94
	2.94
	2.94
	2.94
	2.94
	2.94

	Wood
	1.99
	1.99
	1.99
	1.99
	1.99
	1.99

	Glass
	6.27
	6.27
	6.27
	6.27
	6.27
	6.27

	Ceiling board
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	Chipboard
	2.58
	2.58
	2.58
	2.58
	2.58
	2.58

	Floorboard
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Metal
	1
	1
	1
	1
	1
	1

	Very dry ground
	3
	3
	N/A
	N/A
	N/A
	N/A

	Medium dry ground
	12.34757
	11.91492
	N/A
	N/A
	N/A
	N/A

	Wet ground
	13.7747
	11.94322
	N/A
	N/A
	N/A
	N/A


 And the curves associated to the table 1.1:
 Figure 1.1: Permittivity curves in function of the frequency
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Observation 1: There is no big variation of the permittivity in function of the frequency in the range 7 to 24GHz
2.2 Conductivity
Conductivity is defined by the real part of the relative conductivity, (, were derived. This is:



[image: image9.wmf]d

f

c

=

s

 


Where f is frequency in GHz and ( is in S/m. ((' is dimensionless.) The values of c and d are given in Table 1.3. 

The calculation of the equation in function of the frequency and the material are given in the table 1.2:

Table 1.2: Conductivity in function of the frequency

	Material class
	Conductivity

	
	Frequency [GHz]

	
	7
	10
	13
	16
	18
	24

	Vacuum (≈ air)
	0
	0
	0
	0
	0
	0

	Concrete
	0.157516
	0.210241
	0.259989
	0.307576
	0.338346
	0.42707

	Brick
	0.038
	0.038
	N/A
	N/A
	N/A
	N/A

	Plasterboard
	0.045967
	0.059164
	0.071234
	0.082507
	0.089679
	0.109925

	Wood
	0.037833
	0.05545
	0.073455
	0.091764
	0.104112
	0.141713

	Glass
	0.043777
	0.066984
	0.09159
	0.117323
	0.135015
	0.19027

	Ceiling board
	0.00481
	0.007284
	0.009884
	0.012585
	0.014433
	0.02017

	Chipboard
	0.099
	0.130755
	0.160448
	0.188657
	0.20681
	0.258836

	Floorboard
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Metal
	107
	107
	107
	107
	107
	107

	Very dry ground
	0.020218
	0.04967
	N/A
	N/A
	N/A
	N/A

	Medium dry ground
	0.834791
	1.493028
	N/A
	N/A
	N/A
	N/A

	Wet ground
	1.882429
	2.992893
	N/A
	N/A
	N/A
	N/A


And the curves associated to the table 1.2:
Figure 1.2: Conductivity curves in function of the frequency
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Observation 2: There are variations of the conductivity in function of the frequency, but these variations do not constitute a significant variation making to differentiate a specific frequency band in the range from 7 to 24GHz.
2.3 Material properties
The table 1.3 lists the material properties of different environments which are usually found in the urban/indoor areas and also rural areas. The frequency ranges given in Table 1.3 are not hard limits but are indicative. The parameters in table 1.3 can be used with the equations are in the paragraphs 1.1 and 1.2.
TABLE 1.3: Material properties

	Material class
	Real part of relative permittivity
	Conductivity
S/m
	Frequency range

	
	A
	b
	c
	d
	GHz

	Vacuum (≈ air)
	1
	0
	0
	0
	0.001-100

	Concrete
	5.31
	0
	0.0326
	0.8095
	1-100

	Brick
	3.75
	0
	0.038
	0
	1-10

	Plasterboard
	2.94
	0
	0.0116
	0.7076
	1-100

	Wood
	1.99
	0
	0.0047
	1.0718
	0.001-100

	Glass
	6.27
	0
	0.0043
	1.1925
	0.1-100

	Ceiling board
	1.50
	0
	0.0005
	1.1634
	1-100

	Chipboard
	2.58
	0
	0.0217
	0.7800
	1-100

	Floorboard
	3.66
	0
	0.0044
	1.3515
	50-100

	Metal
	1
	0
	107
	0
	1-100

	Very dry ground
	3
	0
	0.00015
	2.52
	1-10 only

	Medium dry ground
	15
	−0.1
	0.035
	1.63
	1-10 only

	Wet ground
	30
	−0.4
	0.15
	1.30
	1-10 only


3 Text proposal
< Start of change>
5.1.2 
Material properties 

The material properties is defined in this paragraph by two parameters:

1. Electrical permittivity is a measure of a material’s ability to oppose an electric field
2. Electrical conductivity is a measure of a material’s ability to conduct an electric current
Just below, the figure 5.1.2-1 and figure 5.1.2-2 provide respectively curves of the permittivity and conductivity in function of different material classes and frequency.

 Figure: 5.1.2-1: Permittivity in function of the frequency
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The figure 5.1.2-1 shows the variation of the conductivity of different materials in function of the frequency in the range 7 to 24GHz. Excluding tow cases which are “wet ground” and “medium dry ground”, the conductivity does not change a lot in function of the frequency, for each material. 

Figure 5.1.2-1: Conductivity curves in function of the frequency
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Taking into account the figure 5.1.2-1 and the figure 5.1.2-1, the permittivity and conductivity do not make difference to highlight a more appropriate frequency band in the range from 7 to 24GHz.
< End of change>

4 Conclusion

According to the analysis above, we can make 2 observations:

· Observation 1: There is no big variation of the permittivity in function of the frequency in the range 7 to 24GHz,
· Observation 2: There are variations of the conductivity in function of the frequency, but these variations do not constitute a significant variation making to differentiate a specific frequency band in the range from 7 to 24GHz.

Taking into account these 2 observations, the permittivity and conductivity do not make difference to highlight any more suitable frequency band in the range 7 to 24GHz.
According to the analysis in this contribution, we propose to add the TP in draft TR 38.820.
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