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Some basic issues in cellular networks

• What power could be expected 
by a user settled in the radiation 
near-field of the base station 
antenna, and how big is the 
propagation loss?

• How severe could the exposure 
issues be for the user?

• Can all these be predicted by 
analytical model with satisfactory 
accuracy?
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𝑟

Δ = 𝑟𝑖- 𝑟0

Effective value of E-field in free space:

Total E-field above ground:

Radio-path difference:

Intrinsic impedance of free space is Z0 = 120 .

Ray-tracing Analysis



Modified Image Theory
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REAL SOIL

Incident plane –point of ground reflection
- Vertically (parallel, or TM) polarized wave:

- Horizontally (perpendicular, or TE) polarized wave:
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EM Field Strength and Received Power
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𝑟𝑖𝐺𝑇𝑥
𝑉,𝐻 𝜓𝐿𝑂𝑆 𝐺𝑅𝑥

𝑉,𝐻 𝜓𝐿𝑂𝑆

E-field at receiver point:

H-field at receiver point:

EM power density at receiver point:

Power absorbed by conjugate matched receiver:



Path Gain
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Free-space path-gain between two isotropic antennas:

Ground-related propagation factors:
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𝑉,𝐻 ℎ𝑇𝑥ℎ𝑅𝑥

𝑑
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Example

• Vertical half-wave dipole (electric or magnetic) 
erected at eight meters above flat lossy ground 

• Ground parameters: r = 4,  = 310-3 Sm-1

• Ground is a low-loss dielectric as: r >> 60

• Radiated power: PTx = 100 W@3.6 GHz 5G-
frequency

• Directive gain of half-wave dipole:

𝐺𝐷𝑖𝑝𝑜𝑙𝑒
𝑉,𝐻 =1.64

cos2
𝜋
2
sin𝜓

cos2𝜓

Antenna separation 10 m (TM)

Receiver height 1.2 m  (TM)



Normalized electric field over ground vs. distance 
from the transmitter

𝑑𝑚𝑎𝑥 =
4ℎ𝑇𝑥ℎ𝑅𝑥

𝜆
= 692 𝑚

𝑑 > 𝑑𝑚𝑎𝑥 ⟹ 𝐸𝑅𝑥 ∝ 𝑑−2 ⟹ 𝑃𝑅𝑥 ∝ 𝑑−4

Far-field boundary:

Pseudo-Brewster angle:

𝜓𝐵 = sin−1
1

1 + 𝜖𝑐

𝑑 𝜓𝐵 ≈ 20 m



Incident power density vs. distance from the 
transmitter

ICNIRP: reference level for exposure to electromagnetic fields at f > 2 GHz averaged over 30 min and over 
the whole body is 10 W/m2 for general population and 50 W/m2 for occupational.



Power received by matched half-wave dipole 
receiver above real soil



Conclusion

• The analytical approach to model the LOS radio-propagation over realistic 
ground ensures reliable predictions of the channel parameters and 
dosimetry in all cases where the soil is out of the near-field region of the 
antennas.

• The proposed two-ray model can easily be upgraded by additional gain 
factors, such as rain attenuation or attenuation caused by water vapor and 
oxygen in the atmosphere. In addition, the radio-path lengths can be 
estimated allowing for tropospheric refraction. Also, the ground surface 
roughness can be included by using Rayleigh criterion for the reflection 
coefficients.

• As such, besides ground cellular networks, it can be easily applied to other 
radio networks for similar scenarios, e.g. to satellite ones.


