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Abstract— This paper presents an optimized Land Mobile
Satellite (LMS) propagation channel model for Ku/Ka band.
Here, a physical-statistical hybrid approach is prposed in
order to simplify as much as possible the synthetic
environment and the electromagnetic model, while leping a
good representation of the satellite propagation @mnel. This
approach is complementary of full statistical apprach [1] as a
specific environment can now be tackled instead &f mixture
of different propagation conditions. An original vdidation of
the model is presented here, with an innovative medd based
on 360° panoramic images analysis in order to rebla a simple
synthetic environment.

Index Terms— LMSS, Ku/Ka band, Physic — statistic

. INTRODUCTION

The current trend of telecommunication servicesatols
high data rate mobile or nomadic multimedia sewvice
should result in the saturation of the currentlyedis
frequency bands (L and S bands). The limited braadb
capacity of these frequency bands lead to use highe
frequencies such as Ku and Ka bands for the exterc

the existing services or for the development of sewices

for different types of nomadic or mobile users suh
pedestrians, terrestrial vehicles, trains, ships] aircrafts.

In these higher frequency bands, the margins to be
implemented in wideband mobile communication limk#

be limited and the air interface should be more gem A

fair understanding and modeling of the propagatioannel
dynamic are necessary for the design and optirizatif
these systems (waveform...) and the possible
implementation of Propagation Impairment Mitigation
Techniques. For this type of mobile satellite comination
systems operated at Ku or Ka bands, two propagatistia
may have a significant influence on the propagation
channel: the local environment of the receiver. flestacles

in the vicinity of the receiver) and the troposgher
(especially rain or clouds). This paper focusesheneffects

of the local environment.

Several models have been developed and compared to
measurements to characterize the Land Mobile S8atell
(LMS) propagation channel and to assess the impfaitte

local environment of the receiver on the RF sigridie
prediction method described in Section 6 of

Recommendation ITU-R P.681-11 [1] proposes a sitzls
modeling of the LMS channel suitable for frequencie
between 1 to 30 GHz, and for several environmemsn(
highway, sub-urban, wooded ...). As far as Ku/Ka lsaaek
concerned, this model has been built thanks toneite
measurements campaigns [2], [3]. It provides rédiabsults
for selected overall environments and frequen@es, can
be used for receiver testing and link budget egtona
However, the model takes into account a mixture of
different propagation conditions and also a spedifitenna
diagram (the one used during the campaigns). Tthis,
model cannot reproduce the RF effects of a specific
environment or take into account another antenagrdim.

To take into account the effect of the local ervingnt on
the propagation channel with a deterministic apghpahe
common approach uses an accurate 3D databaserogtai
a description of the electromagnetic properties tloé
materials. Knowing the position of the transmittitwe field

is computed within the 3D database using ray-laumgchbr
ray-tracing techniques. Nevertheless, those toods ret
completely relevant in the case of mobile satellite
communication systems, as the modeling of the entir
coverage area is out of reach of those tools. Thie msue

in the case of mobile SatCom systems is to havexible
description of the channel in different environmetd
geometrical configurations. To overcome the liniitas that
are inherent to those methods, physical-statistigddrid
models have been proposed. They rely on the uaeaigh
modeling of the environment constituted of diffdren
canonical elements. Efficient EM methods are theeduto
compute the effects of each canonical element ef th
channel. This method combines the benefits offénedhe
statistical models in terms of computing time withe
flexibility offered by direct computation on 3D émnment
(environment type, elevation ...).

This paper will present an optimized LMS propagatio
channel for Ku/Ka band. The main assumptions amd th
model itself will be described in section Il. Thalidation
process, based on 360° panoramic images to retiugd
synthetic environment, is presented in section Hihally,
conclusions will be highlighted in section V.



Il.  THEPHYSIC — STATISTIC MODEL FORKU/KA
APPLICATION

In order to propose an efficient model for SatCom
applications, the following assumptions have beeaden

Antenna:

The reception of satellite signal for the LMS cas&u and
Ka bands is technologically conditioned to the agdigh
gain and thus very directive antennas. This cheias not
necessary at lower frequency bands and most aftthenel
models for LMS contain the underlying assumptionaaf
almost isotropic antenna. For the provision of %atC
services in the case of mobile receivers at Ku arbidnds,
different kinds of terminals are considered forfetiént kind
of mobile vehicles namely, public transportatiomait,
tramway, buses), large and high standard indivigiahlcles
(civilian security vans or 4x4) and individual velais. The
main difference between mobile receivers to be dwxron
different classes of vehicles concerns the sizethef
antenna. This will greatly affect the gain and aperture of
the terminal and consequently the received sigmal i
different situations. To get a clearer idea of th#erent
terminals that will be used for each of those tymds
vehicles, the following antenna gain values aresitared
here:

- Public transportation vehicles: 30-35 dBi,

- High standard individual vehicles 15-20 dBi,
- Individual vehicle 6 dBi.

Considering the antenna gain for the different aseases,
and assuming a parabolic reflector antenna witmifoum
illumination and an efficiency of 0.7, the anterthgectivity
may change from 2.71° to 48.2°.

Modeling of the interaction between the local environment
and EM wave:

The interaction of the EM wave with the local eoviment
has been modelled for different canonical elemesiag
various techniques.

» Building diffraction

In order to be able to perform diffraction compiaas on
long trajectory, the use of a fast methodology fobe
simulator has been searched. In this study, the afse
Fresnel-Kirchhoff (FK) methodology for the compitat of
the diffraction has been favored to other methogiel® such
as UTD (Uniform theory of Diffraction [5]) or GTD
(Geometric Theory of Diffraction [4]), even if Fresl-
Kirchhoff methodology does not account for polatiza. In
order to assess the accuracy of this method, thédtsehave
been compared to those obtained with a refererae ttee
Physical Optics and the Equivalent Current Methadiules
of the SE RAY EM - FERMAT software. The chosen
configuration is illustrated on Figure 1. The fisgiulations

are done considering an azimuth angle90° and an
elevation 6 = 30°. Different values for the distance D
ranging from 4 m to 44 m were considered with fiestpies

of 12 and 20 GHz. Examples of comparison resules ar
proposed in Figure 2, where computation of the powe
diffracted by a building using SE RAY EM - FERMAT&
KF methodology is plotted at 20 GHz for two distasc
from the building (here metallic building)t has to be
noticed that the highest differences between thmilte
given by SE RAY EM - FERMAT and FK methods occur in
deep shadowing areas. In this case, multipathileety Ito

be some orders of magnitude higher than the dipatt.
Consequently, the impact of the inaccuracy in thdsep
shadowing conditions is very small.

Figure 1: Geometry of the scenario, h = 20m, w = 40
and d = 10m

Diffracted field at 14.0 m from the building
elev

he b Diffracted field at 20.0 m from the building
tion: 30 deg az 90 deg ele

levation: 30 deg az 90 deg

Figure 2: Power diffracted by a building using SE RAY
EM - FERMAT and KF at distances 14 m (left) and 20m
(right) from the building. F = 20 GHz

» Pole diffraction

The diffraction by rail poles and lamp poles can be
computed using a 2D Fresnel Kirchhoff diffractiorethod
using the same approximation. Realistic 3D poleslato
have been used to assess the impact of the sicapiifn of
the geometry in the software. In Figure 3, the fedte is
modelled by a cylinder of the same diameter for the
computation using Fresnel Kirchhoff diffraction med.
There is no substantial difference between theratiféd
powers computed using the SE RAY-Fermat and FK for
thin configurations (Figure 4).
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Figure 3: 3D pole model for computation using SE RX
EM - FERMAT and equivalent cylinder for the
computation using Fresnel-Kirchhoff diffraction

Diffraction by a pole elevation 30 az 90 Diffraction by a pole elevation 45 az 90
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FERMAT and KF for two elevation angles: 30° (left)and
45° (right). F =20 GHz

» Electric wires

As the wavelengths at Ku or Ka bands are approxiyaif

the same size as the diameter of electric wirgsossible
interaction between the wires and the EM wavestbase
considered. The size of the wires with regard te th
wavelength prevents the use of a simple approach to
compute the power radiated by the electric wire.
Nevertheless, a quick check can be made in ordassess
the impact of the presence of electric wires. Gaering
that the antenna is a reflector antenna of diani2tend of
half power beamwidth, equal to 3° at 20 GHz, the size of
the reflector is given by: D =70 6 = 35 cm (which leads to

a surface approximately equal to 1000%cnif the plane
wave coming from the satellite is intercepted by an
electrical wire, the proportion of power interceptey the
wire is approximately the ratio between the surfatéhe
projection of the wire on the reflector with thefse of the
reflector as illustrated on Figure 5.

~
>

>~
>

Reflector

] J
Figure 5: Interception of the wave front by an eletric
wire and 2D projection of the problem

The worst case happens if all the power incomingtten
wire is radiated outside of the antenna diagramthaef

receiver. If a wire diameter of 2 cm is considerdug
maximum loss equals to the following evaluation:
D 2
n(z) —dp

A = _1010g10 2

"(3)

Thicker wires are not frequent, at least in an orba
environment, so the value of 0.3 dB can be consitles the
maximum attenuation caused by an electric wire.h\Whie
half power beamwidth defined at Ku band, the same
conclusion holds. This attenuation of 0.3 dB is givzal

with regards to other attenuating components ampl pole,
trees or masking by building and should be negieotehe
present case in order to reduce the complexity haf t
scenarios.

* The effect of trees on the channel

When an incoming EM wave reaches a tree, the fallgw
contributions are computed: trunk and large brasche
diffraction, direct signal attenuation and scattgriwithin
canopy.

As far as diffraction is concerned, the same modbalsed
on the Fresnel-Kirchhoff methodology is used. Fignal
attenuation and scattering, Recommendation ITUSB3R9

[6] is employed. To generate the multipath from trees,
the point scattering methodology presented andlatdd in

[7] is used.

Multipath modeling:

Multipaths are due to multiple bounces on the emrirent
and are causing fast fluctuations of the channetregting
constructive or destructive interferences. It aisatributes
to enlarge the Doppler spectrum of the signal. Hé t
contribution of multipath is very significant indghcase of
small receiver using almost isotropic antennasjripact is
less pronounced for the present application whéeestive
antennas are considered. Considering that the patliti
coming from outside the main lobe can be neglected
that the main lobe is characterized by a width of @gp,
and assuming an isotropic angle of arrival for ipath, the
useful to multipath power ratio caught by the miaipe of
the antenna can approximately be given by:

P_R _ (293d3)
P, 360

where R is the multipath power received by the antenna and
P, is the overall multipath power. The generationtloé
multipath power is made assuming a Ricean channel
considering the attenuation of the direct path, and
multipath power extracted from the available da&dfirst
extraction has been done on the OLYMPUS database
collected in Darmstadt [8]. The average multipativer in
different shadowing conditions has been computed fo
different shadowing states namely, LOS, shadowed an
blocked. Those results have been obtained fronessgn
using the methodology described in [9]. The resifts
different environments are summarized in Table 1.

Table 1: Average Multipath power (dB/LOS) receivedn
different environments [8] and state of attenuatiorof the
direct signal

Average Multipath power (dB/LOS)
received in different envir type and state of attenuation of the direct signal

LOS Shadowed Blocked
Urban -15.2 -14.9 -26.1
Rural -152 -15.1 2232
Highway -152 -14.6 -26.7




I1l. MODEL VALIDATION

The main issue for the validation of the model i@ t
generation of the 3D synthetic environment. Durihg
OLYMPUS experimentation [8], only the calibratednd
series were available, without additional inforraation the
3D environment. Thus, the model cannot be validatid
this dataset. From the 20 GHz campaign highliglmef®],

concurrent RF and 360° panoramic images data were

collected. Thus, the images information can be usedder
to help in the 3D reconstruction. As a matter af,fa deep
learning processing has been performed to autoatigtic
detect trees, buildings, poles and sky on the pEstuas
illustrated in Figure 6.

Figure 6: Deep learning classification vs signal peer.
LOS situation left, NLOS (signal blocked by vegetabn)
right

Thus, the images can be used in order to identifiewbnical
elements of the model. The model has been testéouin
situations (assumed to be independent): LOS (iky. s
detection, same as Figure 6 left), signal blocked b
vegetation (i.e. tree detection, same as Figuight) signal
blocked by pole and signal blocked by buildingFigure 7,
the RF time series and the results of image claatifn are
presented. From then, it is easy to sort the timees
samples as a function of each situation. Then, iatpo-
point comparison between the experimental and sitedl
time series can be performed as well as a compa$o
power Cumulative Distribution Function (CDF).
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Figure 7: RF time series vs image classificationtlue =
Sky, green = vegetation, black = pole and red = bding

The first goal is to validate the software in LOgiation.
This is equivalent to check that the images clesgibn
works properly, and that time series are well catid.
Indeed, almost no multipath should occur here du¢hé
antenna pattern, and the time series is impactéyl lon
noise. Figure 8 highlights the CDF associated toSLO
situation. Measurement and simulation curves ara fair
agreement.

Sky CDF
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Figure 8: Experimental vs simulated CDF in LOS (i.e
sky detection)

When an obstacle is detected on the images, weuba
canonical object of the same size. However, thegean
between the object and the road cannot be estimde,
we assume that the ranges between the objecthardad
are uniformly distributed between 5 and 10 metéist
building obstruction, the model provides reliablesults
without additional tuning. In Figure 9, experimdntnd
simulated time series and CDF are compared, anddea
similar pattern.

Building CDF

1.01 —— Measurement

Simulation
0.8

0.6

0.4

0.2

0.0

Figure 9: Experimental vs simulated: Example in sigal
bloc by building. Time series example left, CDF rigt

About the trees effect, it is necessary to estintlage path
length inside the canopy based on the attenuatésiess
restricted to canopy shadowing situations. By deagoR

the canopy radius, the density function of R can be
estimated thanks to the tree attenuation measuteamehna
specific attenuation given by the Recommendatiod-R
P.833 [6]. After optimization of the R density fuion, the
experimental and simulated CDF look similar as olesin
Figure 10.

Vegetation CDF
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Figure 10: Experimental vs simulated: Example in gjnal
blocked by tree. Time series example left, CDF righ

For the poles, it is not possible to estimate CDBFtlze
number of samples tagged as “pole” is not enough to
provide reliable statistical results. We can ordyda visual
inspection between the experimental and simulabed t
series as in Figure 11. Note that the size of tie pas been
fixed to 0.3 m.
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Figure 11: Experimental vs simulated time series ipole
situation

Consequently, the tools can be validated in several
canonical situations which demonstrate that th@agation
channel output is relevant.

It was possible to test the model on selected diajis of
[2], but for some trajectories of [2], the finalktdts are not
as good as expected. For example, Figure 12 peesent
another example of experimental and simulated sarées.
Even if an overall visual inspection seems to héstyéng,
there are several impairments which biase the §itaistics.
Among all the impairments which are mostly due lte t
experimental issue, the sampling rate of the vid€dps) is
much smaller than the RF signal (1.5kHz). Thus, esom
object cannot be detected with the images as mbimi¢ in
Figure 13 (up left). In Figure 13 (up right), smiilictuation

on the experimental time series can be observedhapty
due to the antenna tracking system. This effechatbe
taken into account in the model, and that expl#iessmall
differences on the CDF associated with the LOSasiin
(Figure 8). The worst issue is illustrated in Figut3
(bottom). Here, sever obstructions were simulatedthey
cannot be seen in the experimental data. The issrewas

a bad estimation of the satellite position on theages,
which lead to a simulated building blockage. Inlitgathe
satellite elevation was a few degrees higher ands LO
situation should have been simulated.
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Figure 12: Experimental vs simulated time series oa
full trajectory
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Figure 13: Experimental vs simulated time series.
Reconstruction issue

IV. CONCLUSIONS

This paper has presented an optimized Land Mobile
Satellite (LMS) propagation channel model for Kufsand.
A physical-statistical hybrid approach has beerpgsed,
complementary of the full statistic approach [1]oirder to
tackle specific environment. An original validatiaf the
model has been highlighted, with an innovative méth
based on 360° panoramic images analysis in ordebtaild
a simple synthetic environment. It was possiblerabidate
the model in canonical situations such as LOS, tediga,
pole and building. However, the synthetic 3D retatdion
is a major issue in the validation of the physiaitistical
hybrid model, and this point should be improvedaimear
future to assess the performances on a long teaje¢t50
km).
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