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Designing an effective radiocommunication system which operates at EHF band is not an easy task.
To achieve this goal it is important to take the meteorological effects into account. It is noteworthy that a
combined impact of many weather factors should be considered when transmission frequency exceeds
10 GHz. The understanding of these mechanisms as well as their mitigation is a key to design and build
efficient wireless communication systems operating at EHF. Therefore, in this study an influence of
different weather conditions on effectiveness of the transmission is discussed. In addition, some possible
solutions of reducing these meteorological effects are mentioned. Finally, the simulation results which
confirm the usefulness of the EHF band are presented. It is important to note here that the main concern
for this study is the fixed and mobile short-range terrestrial radiocommunication and all considerations
included in this article are focused mainly on this part of the wireless communication.

Keywords: EHF band, radio wave propagation, attenuation, link availability, millimetre wave
communication systems

1. INTRODUCTION

The utilization of extremely high frequencies is a very promising option in modern
radiocommunications whose major merit is the possibility of implementing very wide channels
and reaching high data rates with relatively simple modulation schemes. On the other hand,
shifting the transmission into the band of 30 — 300 GHz is hardly a straightforward task and
requires a substantially different approach comparing to the situation when lower frequencies
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are being used. Another obstacle is a fact that propagation in the EHF band has not been fully
rescarched yet and in some areas further work is still necessary. Nevertheless, the available
analyses enable to indicate several most important factors that influence this kind of propagation,
which also constitute the basis for designing radiolinks operating in the EHF Band. Among those
factors that adversely affect the discussed propagation are: non-line-of-sight (NLOS) propagation
and lack of the first Fresnel Zone clearance, diffraction due to uneven terrain, frequency selective
fading due to multipath and attenuation and scattering due to vegetation.

It is casy to realize that all the above aspects are relevant to the transmission in lower
frequency bands as well as in very high; when analyzing the EHF band transmission, the
two most important factors are those that are virtually negligible at low frequencies, namely
attenuation due to atmospheric gases and attenuation and depolarization due to precipitation
(most notably rain). The first one should be treated as a constant, inevitable factor, depending
on a given climatic zone and system parameters. Despite that, the current research show that the
communication is realizable due to several attenuation windows that can be identified throughout
the EHF Band, which is a similar situation to the optical transmission through fibers. The latter
factor is variable and its negative effects are diminished by the assumed built-in link margin,
which influences link availability. Rain and other kind of precipitations generally increase link
attenuation, which results in the fact the radio link budget might not be balanced. To prevent from
this situation, every real link is designed with a particular link margin which should eliminate a
negative influence of the precipitation and determine the percentage of time in which radiolink
is available. For practical reasons, existing links are not designed with the assumption of full
availability (100 percent of time), because the required link margin would have to be too large.

Generally, due to increasing demand of broadband wireless communication services, in
addition to the frequency congestion and management problems at lower frequency bands, design
engineers have directed their attention towards the use of the EHF band for communication. This
is caused by the recent demand for multimedia communication and high data rate capabilities.

2. MAJOR SOURCES OF THE RADIO WAVES DEGRADATION IN THE EHF BAND

Radio wave propagation negative influences at EHF bands include rain attenuation, rain and
ice depolarization, gaseous absorption, cloud attenuation, melting layer attenuation, troposphere
scintillation, and antenna wetting, These effects are related to the troposphere and weather
conditions. Rain attenuation, gaseous absorption, cloud attenuation and melting layer attenuation
are absorptive effects producing both signal attenuation and increase in antenna thermal noise.
Troposphere scintillation is not absorptive but can produce attenuation as well as enhancement.

Terrestrial millimetre wave communication systems are mainly exploited in clear line-
of-sight (LOS) environments to avoid high penetration losses due to buildings and foliage,
multipath and diffraction effects as well. For these communication systems, in order to facilitate
planning, installation and high-quality fiber-like system performance, it is vital to quantitatively
and qualitatively characterize the terrestrial mm-wave propagation channel conditions.

In general, distortions of the radio waves at frequencies higher than 10 GHz are caused
mainly by:
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— Non-line-of-sight (NLOS) propagation and lack of the first Fresnel Zone clearance;

— Diffraction due to uneven terrain;

— Frequency selective fading due to multipath;

— Attenuation and scattering due to vegetation;

~ Attenuation due to atmospheric gases;

— Attenuation and depolarization due to precipitation (rain, snow, fog, clouds etc).
These propagation effects are discussed below.

2.1.NLOS, DIFFRACTION AND FRESNEL ZONES

Diffraction allows radio signals to propagate around the curved surface of the Earth,
beyond the horizon, and to propagate behind obstructions. The phenomenon of diffraction can
be explained by Huygen’s principle, which states that all points on a wavefront can be regarded
as point sources and give rise to secondary wavelets. Combination of all the wavelets produces
anew wavefront in the direction of propagation.

Fresnel Zones represent successive regions (figure 1) where secondary waves have a path
length from the transmitter to receiver which is n4/2 greater than the total path length of a line-
of-sight path. Fresnel zones are elliptical in shape with the transmitting and receiving antenna
at their foci. The successive Fresnel zones alternatively provide constructive and destructive
interference to the total received signal. The radius of the nth Fresnel zone circle, denoted byr,

can be expressed by:
r = n-A-d d, ’ )
d,+d,

where: 7~ nth Fresnel zone radius [m],
d, - distance to the transmitter [m],
d,~ distance to the receiver [m],
A —wavelength of the transmitted signal [m].
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Fig. 1. The Fresnel Zones representation
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Diffraction losses occur when secondary waves are blocked such that only a part of the
energy is diffracted around the corner. The total received signal energy is given by the vector
summation of energy contributions from all unobstructed Fresnel zones. The diffraction losses
caused by obstacles can be calculated and taken into account as shown in [1]. In general, however,
the attenuation can be approximated, as:

-20-h @)

= +10,
4l

diff

where h [m] denotes a difference between the highest terrain obstacle and the Line-Of-Sight
propagation path (this value is negative when the obstacle stands out above the LOS line), r, [m]
represents a radius length of the first Fresnel zone (see eq. 1) calculated in the place of the
obstacle occurrence.

The given above expression shows that the most important, when considering radio wave
propagation, is the first Fresnel zone in which most of the electromagnetic field energy is
propagated.

It is important to note that, according to ITU-R recommendation [2], for millimetre radio
systems the NLOS propagation is not valid due to large diffraction losses experienced when
obstacles cause the propagation path to become NLOS. For these situations, multipath reflections
and scattering will be the most likely signal propagation methods.

2.2. MULTIPATH PROPAGATION

In wireless telecommunications, multipath is the propagation phenomenon that results in
radio signals reaching the receiving antenna by two or more paths. Causes of multipath include
atmospheric ducting, ionospheric reflection and refraction, and reflection from terrestrial objects,
such as mountains and buildings. It is important to note that many of these effects are highly
unlikely in the case of the short-range terrestrial millimetre systems.

The effects of multipath include constructive and destructive interference, and phase shifting
of the signal. This causes Rayleigh fading. The standard statistical model of it gives a distribution
known as the Rayleigh distribution. Rayleigh fading with a strong line of sight content is said to
have a Rician distribution.

In the case of millimetre radio systems, however, this effect is not as destructive as others
described in this study. It is so because for EHF band mechanisms related with absorbing and
scattering are much more dangerous than multipath propagation. Additionally, during millimetre
transmission the LOS conditions are essential as well as narrow antennas beams are exploited
in most cases, which leads to conclusion that multipath propagation is unlikely. In most cases
this effect would only reduce a quality of a wireless connection but would not decrease its
availability. It is, however, possible to take this effect into account because there are ITU-R
recommendations [3, 9] which present this issue. Unfortunately, it is done only to a certain
extent which is caused by the lack of the measurement data for frequencies higher than
15 GHz.
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2.3, EFFECTS OF VEGETATION

When aradio wave reaches a rough surface, the reflected energy is spread in all directions due to
scattering. At millimetre-wave frequencies, the dimensions of tree leaves and tree branches are large
as compared to the wavelength. The tree leaves and branches also usually contain water and hence
result in absorption and scattering of electromagnetic waves as they propagate through vegetation.
Foliage can not only introduce attenuation and broadenin g of the beam but also depolarization of the
electromagnetic wave. The transmission losses through vegetation are affected by various parameters
such as the dielectric constant, density, physical size and shape. ITU-R provides an appropriate
recommendation [4] and the effects of vegetation can be taken into account.

Attenuation in vegetation can be important in the case of terrestrial millimetre wave
propagation. However, the wide range of conditions and types of foliage makes it difficult to develop
a generalized prediction procedure. There is also a lack of suitable experimental data. According to
ITU-R recommendation, however, some solutions are possible. It is important to note that they are
valid only for frequencies lower than 60 GHz. There is no data available for higher bands.

In order to estimate the total field loss ,the diffracted, ground reflected and through-vegetation
scattering components are first calculated and then combined. The diffracted components consist
of those bent over the top of the vegetation and those bent around the sides of the vegetation. These
components and the ground reflected component are calculated using ITU-R Recommendations,
The through or scattered component is calculated using a model based upon the theory of radiative
energy transfer (RET). Detailed information can be found in the given above recommendation.
The combined loss caused by all of these factors can be calculated as follows:

-L, L

“Lep hgroung. Zscar,
L,, =-10log, 10[ 0 )+1o[ 0 )+1o[ ‘°)+10( ° J+10[ ) ; 3

where: L, —total loss due to vegetation,
L...—loss due to diffraction around side g of vegetation,

side

L.videb — loss due to diffraction around side b of vegetation,
me —loss due to diffraction over top of vegetation,
L., ..a—10ss due to ground reflected component,
L. —loss due to scattered component,

Example charts given by the recommendation are shown in the figure 2. Unfortunately,
these results are only for the case of 40 GHz (5 GHz and 10 GHz - not the EHF band). For
different frequencies, however, calculations can be done as well with exploiting equations given
in the above recommendation.

Another issue, considering the vegetation influence on millimetre wave propagation, is
depolarization effect. Measurements at 38 GHz suggest that depolarization through vegetation
may well be large, i.e. the cross-polar si gnal may be of a similar order to the co-polar signal when
both transmitted through the vegetation. However, for the larger vegetation depths, required for
this to occur, the attenuation would be so high that both the co-polar and cross-polar components
would be below the dynamic range of the receiver.
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Fig. 2. Total loss due to vegetation for 0.5 m? and 2 m? illumination area, a) in leaf, b) out of leaf {4]

According to the recommendation it is also important to take into account some dynamic
effects of the vegetation. It has been observed that where a link passes through foliage the
received signal amplitude varies rapidly when the vegetation moves which is caused mainly by
wind. Measurements at 38 GHz and 42 GHz have demonstrated that there is a strong correlation
between the amplitude fluctuation rate and the wind speed.

When considering the effects of vegetation it is clear that the environment will not
remain static. A receiver site may have one or more trees along the signal path that do not
give a sufficient mean attenuation to take the received signal level below the system margin.
However, it has been found that as the trees move, the signal level varies dynamically
over a large range making the provision of a service unlikely. Several measurements of the
attenuation levels during transmission through trees, as a function of time, have been made
[4] and show an average reduction of the signal level of about 20 dB per tree. Considerable
signal variability was found, with frequent drop-outs of up to 50 dB attenuation lasting for
around 10 ms.

The ITU-R recommendation provides some data related to the dynamic effects of wind.
Modelled time series and the standard deviations of signal amplitude for wind speeds, ranging

from O to 20 m/s, are presented in figure 3 in comparison with measured data.
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Fig. 3. Standard deviation of measured and modeled 40 GHz time series as a function of wind speed (4]

It should be noted that despite the fact that this type of model shows an inherent frequency
dependence, the path length differences through trees are small and the fading across a typical
40 MHz bandwidth will appear flat. Rapid fading is due to the time variability of the medium.

Unfortunately, results and solutions given by the ITU-R recommendation are sufficient only
in the particular cases but not in general. It is so due to the Jack of the measured data for frequencies
higher than 40 GHz. The situation is not hopeless, though, because it is often, when considering
EHF systems in the terrestrial environment, that degradation of the radio waves is caused mainly
by different, more destructive factors, and the influence of the vegetation is marginal. Therefore
in most cases a coarse estimation, shown in the ITU-R recommendation, can be sufficient.

3

2.4. GASEOUS ABSORPTION

Compared to other absorptive factors, gaseous absorption from oxygen and water in
the atmosphere is small. However, gaseous absorption must be considered in link budget
analysis since it is always present and its effect increases for higher frequencies, humidity and
temperature. Specific attenuation due to gaseous influence varies as a function of frequency.
ITU-R recommendation on how to predict absorption due to atmospheric gases is available [5].

In general, the clear cloudless atmosphere also absorbs radio signals, but below 30 GHz
absorption losses are small except around the 22 GHz (resonance frequencies of water vapour)
and they vary appreciably with water vapour content (figure 4).

Above 30 GHz (EHF band), however, the gaseous absorption issue becomes more destructive.
Another resonance frequencies of water vapour can be observed at around 183 GHz. Additionally,
at 60 and 119 GHz the resonance frequencies of oxygen are also present (fi gure 4). Between these
marked thresholds in the EHF band atmosphere attenuation windows exist, as shown in table 1.

There are many atmospheric gases and pollutants that have absorption lines in the millimetre
bands (such as S0, NO,,0,,H,0, and N,0O), however, the absorption loss is present mainly due
to water vapour and oxygen.
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Fig. 4. Specific attenuation due to atmospheric gaseous absorption [5]

Table 1.

Attenuation windows of the atmosphere for the EHF band

Frequency range Clear air attenuation (Sea level,
Window ID [GHZ] 15°C, RH* = 50%)

[dB/km]

Wl 25to 50 0,1t0 0,5

W2 70to 115 0,5t02

W3 125 to 160 2t05

w4 200 to 250 5to 10

*) RH — relative humidity [%)]

The ITU-R recommendation shows how to take the gaseous absorption effect into account.
For a horizontal path or for slightly inclined paths close to the ground the attenuation, L, [dB],

may be written as:

)

in
pC

tof
pr

ca
po

the
cas




Vol. 54 - 2008 RADIO WAVE PROPAGATION CONDITIONS FOR TERRESTRIAL... 89

Lys=y-d=(y,+7,)4d, )

where: d — path length [km],
Y, — dry air attenuation [dB/km] (figure 4),
Y., — water vapour attenuation [dB/km] (figure 4).

The mentioned above recommendation includes also some equations which allow to
approximate the attenuation in the range of 1 to 350 GHz for both horizontal paths as well
as inclined ones. This estimate is sufficient in the case of the terrestrial millimetre wave
propagation.

It is important to note that the gaseous absorption effect is not only related with humidity
(water vapour density) and frequency but also with a pressure and temperature of the air. The
recommendation enables to exploit the knowledge of these factors and calculate the proper
attenuation. The results in the case of standard values of these parameters and for the horizontal
paths are presented in the figure 4. The Total attenuation depicted in this figure represents the one
calculated according to the expression (4).

2.5. RAIN ATTENUATION

Rain attenuation is the most degrading effects of the atmosphere. Rain on a radio path
causes fading, or “rain attenuation”. Rain attenuation is a function of frequency, elevation angle,
polarization angle, rain intensity, raindrop size distribution and raindrop temperature. This is the
interference between raindrops and electromagnetic signals travelling through the atmosphere,
which causes the radio waves distortions. When this phenomenon occurs, the transmission is
weakened by absorption and scattering of the radio wave. Raindrops absorb and scatter radio
wave energy, resulting in amplitude fluctuation and phase randomness in the received signal
which degrades the reliability and performance of the communication link.

Any raindrop in the path of the signal, which is comparable to the half of the wavelength
in diameter, will cause attenuation. Rain also depolarizes signals, converting energy from one
polarization to another. The severity of rain attenuation and depolarization depends on how hard
it is raining (described by the “rain rate” in millimetres of accumulation per hour), not on the
total rain accumulation. Thus, areas subject to intense thunderstorms experience more severe
propagation problems from rain than areas with a high average rainfall but few thunderstorms.

The ITU-R recommendation [6] provides a “semi-empirical” model for the rain attenuation
calculations. The parameter, L . [dB], is obtained from the rain rate R [mm/h] using the
power-law relationship:

; . a
Ly=dg k-R%. ®)
Values for the coefficients & and o are determined as functions of frequency, f [GHz], in

the range from 1 to 1 000 GHz. These coefficients can be rewritten either as k, and a in the
case of the horizontal polarization or as k, and a, in the case of the vertical polarization. The
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ITU-R recommendation provides expressions which enable to calculate specific rain attenuation
for different types of the polarization. Numerical values for the coefficients & and « at given
frequencies as well as equations for calculations are given in the recommendation. The effective
radio link length d - which denotes a statistically calculated distance within rain, is a value
which depends on the actual radio link length and the rainfall rate. Appropriate equations can be
found in the recommendation.
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Fig. 5. Rain rate [mm/h] exceeded for 0,01% of the average year [7]

In order to compute the value of the specific rain attenuation, the rain rate must be obtained.
It can be done with exploiting another ITU-R recommendation [7] which gives a solution for
this issue. It presents how to derive the rainfall rate, exceeded for p% of the average year, for
the desired latitude and longitude. Figure 5 presents the rainfall rates for latitudes and longitudes
which are within the scope of this article. It is easy to note that in the case of Poland this value,
exceeded for 0,01% of the average year, numbers about 25 mm/h. For Europe rainfall rate
changes in the range of 15 (northern Europe) to 40 (southern Europe) mm/h.

2.6. CLOUD AND FOG ATTENUATION
Despite the fact that the effect of cloud attenuation is the main concern for the satellite

communication it is described here because fog attenuation can still influence the terrestrial
millimetre propagation to some degree. Radio waves are depolarized and attenuated by clouds
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and fog but this mechanism is difficult to predict or model because it is not described by anything
analogous to rain rate that can be measured on the ground. The small size of cloud/fog particles
relative to wavelength makes cloud attenuation a function of cloud/fog temperature and water
content along the propagation path. The ITU-R provides the recommendation which shows a
method for predicting cloud and fog attenuation [8].

The propagation loss due to clouds and fog may be a factor of importance especially for
microwave systems well above 10 GHz. For clouds or fog consisting entirely of small droplets,
generally less than 0.01 em, the Rayleigh approximation is valid for frequencies below 200 GHz
and it is possible to express the attenuation in terms of the total water content per unit volume.
Thus the cloud/fog attenuation can be written as:

L =K M-d, (6)

where: Lfog — attenuation [dB] caused by the cloud/fog,
K, — specific attenuation coefficient [(dB/km)/(g/m?)],
M - liquid water density in the cloud or fog [g/m?],
d — propagation path length within the cloud/fog [m].

At frequencies of the order of 100 GHz and above, attenuation due to fog may be significant.
The liquid water density in fog is typically about 0.05 g/m’® for medium fog (visibility of the
order of 300 m) and 0.5 g/m® for thick fog (visibility of the order of 50 m).

A mathematical model based on Rayleigh scattering, which uses a double-Debye model for
the dielectric permittivity of water, can be used to calculate the value of the specific attenuation
coetficient for frequencies up to 1000 GHz. This solution can be also found in the above mentioned
recommendation. For the purpose of this study, however, figure 6, which shows the values of K, ;
at frequencies from 5 to 200 GHz and temperatures between —8° C and 20° C, is presented. It is
important to note that for cloud attenuation, the curve corresponding to 0°C should be used.
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2.7. COMBINED EFFECT OF PROPAGATION INFLUENCES

The factors described above are the individual propagation impairments that affect radio
wave propagation. These effects have been studied individually for lower frequencies. Little data
are available for frequencies above 30 GHz. However, with a few assumptions, which can be done
due to specific of the millimetre and LOS propagation in the short-range terrestrial environment,
a solution can be found. The propagation effects are related and can occur simultaneously. Hence,
a mode] which describes the combined effect of propagation impairment is needed. There is a
recommendation provided by ITU-R [9], which solves this issue.

In general, for frequencies above 10 GHz the total transmission loss for a radio system is

given as:
a.7-d\°
L[dB]:lO-log( il d] + L, [dB], 7
Ladd [dB] = Ldt]f + Labs + Lrain + Lveg + qug * (8)
where: L —total excess attenuation [dB],

add
L — total attenuation [dB],

d - propagation path length [m],
A —wavelength [m],
a — free space exponent.

The free space exponent in the case of the real free space equals 2. The ITU-R recommends,
however, to use 2.2 as the value of this parameter in order to estimate the basic propagation loss
for frequencies higher than 10 GHz when considering the short range propagation in urban areas.
Due to the higher value of the free space exponent, an additional link margin is obtained, which
can be useful in avoiding multipath propagation effects.

Other mechanisms such as antenna-wetting, depolarization due to rain or ice, dispersion, and
troposphere scintillation influence also the propagation of radio waves. These effects, however,
will not be discussed here because their importance as a destructive factors, comparing with the
previously presented, is small.

3. COMPENSATION OF THE RADIO WAVES DISTORTIONS
IN THE EHF BAND

To diminish distortions of the radio signals, system designers must incorporate compensation
techniques in their designs. The main task of it is to mitigate the negative propagation influences
caused by the effects described before. At higher frequencies compensation is an essential process
for maintaining a proper quality of the service. It is important to add that most of the mechanisms
inflecting the radio waves changes dynamically, therefore the compensation methods should be
adaptive and even preventive.

The most common compensation techniques exploited in modern radiocommunication
systems are as follows:
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— Built-in Link Margin

In general, a link or system margin is allocated to a communication system in order to
provide specific link availability. Since link margins are fixed, it is not possible to achieve an
increase in capacity or availability using this technique.

— Diversity '

At frequencies above 10 GHz, diversity techniques can be used e.g. to mitigate rain fade.
Although diversity can be used to mitigate fading, the requirement of complex system design and
separate antenna system (such as MIMO) may not justify the benefit.

— Uplink Power Control (UPC)

Uplink power control is a technique where the uplink EIRP is adjusted on an adaptive basis
based on continuous measurement of the downlink carrier power. The amount of uplink power is
estimated from the measured downlink fade.

_ — Adaptive Modulation and Coding

The AMC technique is used in wireless communications to match the modulation and
coding parameters to the conditions of the radio link. Adaptive modulation systems require,
however, some channel information at the transmitter in order to improve rate of transmission,
and/or bit error rate.

4. THE PRACTICAL ASPECTS OF THE PROPAGATION CONDITIONS FOR
FREQUENCIES HIGHER THAN 5 GHz

In this part of the article some simulation results are presented in order to show a propagation
conditions for frequencies above 5 GHz in a more practical way. The given above frequency band
can be divided into two different ranges. The former one is called Super High Frequencies (SHF)
and is comprised of frequencies in the range of 3 to 30 GHz, which in general, are beyond the scope
of this article but are presented for the comparison purposes. The latter one is called Extremely
High Frequencies (EHF) and consists of frequencies above the SHF band up to 300 GHz.

The ITU-R recommendation [2], however, provides a considerably different division. Two
separate propagation models, for the short range terrestrial radio systems at the standard SHF
band, are available. In the case of frequencies up to 15 GHz a LOS propagation within street
canyons can be considered. Proper equations for calculating the transmission loss are given in the
recommendation. It is important to add that this model allows to estimate the attenuation in some
range only (upper and lower bound of attenuation can be computed) and results are dependent
on some inputs: distance, base station antenna height, mobile station antenna height and a level
of traffic. The latter parameter is characterized by an effective height of the road (details can be
found in the recommendation). Some standard values of these parameters were chosen and proper
calculations were made. Results are presented in table 2. These results clearly show that the
main destructive influence on propagation has the heavy road traffic which can cause additional
attenuation of even 20 dB comparing with the light one. Additionally, a general rule can be created
with reference to antennas height. Higher base station antennas do not reduce the propagation loss
as clearly as higher mobile ones. It is important to add, at this point, that the presented here model
do not take any meteorological phenomena into account in contrast to the next one.
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Table 2.
Propagation attenuation for LOS situations within street canyons
Frequency [GHz]
ID Conditions s |7 1 8 | 11 ] 13 ] 15
Afttenuation [dB] (for the path length equals 1 km)
1 hm* = 1.8 m, hb** =10 m, 102- 103- 104- 107- 108- 109-127
"1 light traffic (hs*** = (0,5 m) 122 123 123 125 127 )
hm = 1.8 m, hb =20 m, light 103- 104- 107~ 108-
2 traffic (hs = 0,5 m) 100-1191 ) 122 124 125 | 109-126
hm = 1.8 m, hb = 30 m, light 103- 104- 107- 108-
3 traffic (hs = 0,5 m) 100-181 00 | 11 | 123 | 1oa 1091
4 hm =1 m, hb =20 m, light 104- 104- 104- 107- 109- 110-128 '
) traffic (hs = 0,5 m) 124 124 124 126 127
hm =3 m, hb = 20 m, light 103- 104- 107- 109~
> traffic (hs = 0,5 m) 00-I7) o0 | 120 | 123 | 124 [ 110412
N 120- 121- 124- 125-
6. heavy traffic (hs > hm) 117-137 140 141 144 145 127-147

*} hm — mobile terminal antenna height [m];
**) hb — base station antenna height [m];
**%) hs — effective height of the road [m].

There is another propagation model provided by the mentioned before ITU-R
recommendation. It can be exploited in the case of designing the short range terrestrial millimetre
radio systems and also for those terrestrial solutions which operates in LOS conditions and at
frequencies higher than 10 GHz. In general, it is described by the equation (7) and the whole
model components were shown in the paragraph 2 of this article. Calculations results for those
frequencies which are in the interest of this article and fit in the range of 10 GHz and more are
presented in table 3.

The given table clearly shows that the atmospheric gases cause noticeable overall attenuation
increment only at the band 52-55 GHz. The additional 4 dB may turn out to be an important
component of the total transmission loss. It is noteworthy, however, that atmospheric gases are
not the main concern when considering the given above frequencies.

As expected, rain appears to be the most destructive factor inflecting badly the transmission,
even at the SHF band. Additionally, this kind of meteorological phenomenon is difficult to predict.
Moreover, its influence on the radio wave propagation varies in the wide range which is a result
of different rain rates that can occur. There is only one proper solution for this issue. Designer of
the wireless SHF/EHF systems needs meeds to remember about this problem during their work.
They should consider exploiting a proper link margin or different methods for mitigating the
destructive influence of this factor.

The fog influence on the propagation is marginal at most frequencies. Its impact begins to
be a problem only at the EHF band but even though the loss of 2 dB is much smaller than 11 dB
in the case of the rain. Moreover, that level of attenuation is achievable only for a very thick
fog.

The above results present as well the difference between standard free space transmission
loss (a = 2) and the one which utilizes coefficient a = 2.2. More than 10 dB higher attenuation
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shows that additional factors like multipath propagation and diffraction have quite a huge impact
on the transmission in this case of the wireless SHF/EHF terrestrial communication. Values of
the free space loss (a = 2.2), for frequencies lower than 15 GHz, can be casily compared with
results given in the table 2. The conclusion — attenuations are comparable. Both models seem to
be compliant with each other which can, to a certain degree, confirm their correctness.

5. CONCLUSION

The recent increase in demand for multimedia wireless communication services have
caused designers to develop more and more highly efficient systems operating in the EHF
band. The personal communications network, the mobile broadband systems, local multipoint
distribution system, fixed radio links, next generation Internet, and wireless local loop telephony,
are often systems meant to operate in the EHF band. The availability of tremendous amount
of bandwidth, the potential for high frequency reuse, and the reduced size of transmitting and
recetving antenna elements and electronic components, make EHF band uniquely suited for
these services. Implementation of these systems requires, however, a detailed knowledge of all
factors influencing the radio wave propagation. Hence, there is a need for estimating not only the
individual propagation effects but also the combined propagation influence for systems operating
at EHF band. In general, the transmitted signals can be distorted by the multipath propagation
as well as the weather conditions. It is important, therefore, to consider not only the influence
of the typical propagation phenomena such as: reflection, diffraction and scattering but also an
interaction of the radio waves with meteorological phenomena and atmosphere itself as well.
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