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CHAPTER III: METHODOLOGY

3.1 Introduction *

The purpose of this chapter is to describe the technique used&esis, which
contains the tasks, procedures, details about how the stu a camed out, and the
steps conducted to achieve the specified objectives. Th estig OWPS signal

and the channel modeling will be highlighted as we% anal?

link

design. The diversity techniques were also incld n t toxgtigate the
attenuation produced by rain. The main go _ | nuﬁ 1S to design

the HAPS link budget as well as to 1denu r the\HAPS to be located

QS
in the peninsular of Malaysia. N
. D
ero{tfe, 1t 1s considered as the

N
this of the signal propagation

0 eé‘lwhose impact 1s much lower

The rain attenuation i1s dominant

most 1mportant 1ssue. Thi tuv)
e; _'

impairment source, wh

relatively. The efforts chle@e objectives of this work, starting

Es I‘lcg)geographlcal location properties of the

from collecting the ed

NS
stations Of intgfe ten‘é\ of their longitude and latitude, rainfall rate

T

well as the earth station’s height. The rain data

statlstlcal ver a long-periodg

cted from the Malaysian Metrological Department (MMD). Chebil
used to convert the rainfall data from mm to mm/h. The equations related
to the HAPS signal impairments have been studied and all the related parameters were

understood. Thus, accurate calculations were conducted for the intended purpose In

this thesis.



Figure 3.1: Methodology flow chart
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The methodology strategy which has adopted to accomplish this study is as follows:
A total of 10 different locations were selected based on the highest rain intensities.

Each location has different geographical characteristics such as the bﬁqmon

altitude above sea level, the location in terms of longitude and latitude, s % annual

rainfall rate which plays the main role in the attenuation caused rain. Two

HAPS located at an altitude of 25 km were needed to cover g wflole peninsular

Malaysia without any restrictions. These measuremeh Qere based on the
unio

recommendations of the intermational communica

<,

The numeric data of the geographical location (lofitude

technology.

WtudesipeY this study

Malaysia were obtained from the Malayc

were calculated using Google Earth appl'c@ile 2

a&eo W’

f -Q‘pagﬁn mk of the selected earth
\

regpdct to ge rainfall rate statistics data,
BN}

’ &

O

be ¢athlated based on a modified ITU-R

The specific rain attenuation 1impaHeRINe

stations will be predicted and al? wi,h
signal polarization, and the %on an

The total attenuation @h

model, with respe%\e 0
earth station l@% 1d flatigade, {ﬁmmg that the received signal 1s circular
| 4

polarized at os en 1n vertical ar%g;izontal polarities.
NS ™~
The rr@ model that is able to predict the earth-space rain attenuation when the

s@- is either completely or partially affected by the rain will be presented. It 1s

based on the empirical model of the international telecommunication union. The

N
?Eq\ﬁé{y of the HAPS (28-31 GHz) and the

model was tested against the ITU-R model. The prediction mechanism of this model
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1S to predict the attenuation of the entire signal path, and then subtracts it from the

unaffected path attenuation to obtain the rain attenuation of the affected signal path.

The second model that has been developed to predict the rain attenuatict M 1cated

to the non-stationary satellites such as, Medium Earth Orbit (MEQuand Yow Earth

Orbit (LEO). The model utilizes the reduction factor based on ITLT&n attenuation

wledge of some

model. Attenuation prediction using this model requires %e |
t

parameters such as rainfall rate statistics data, the veloci E satellite and the

clouds, and the rain cell size.
NS
n 'bah(éa on the

Another model was used to predict the specif@aﬁon of &
3

knowledge of rain microstructure parameters WS 1MTall ra%\.ﬁnd the size

distribution of the raindrops. The drop si%'bu | cal aﬁed based on the
m

Marshall-Palmer model, while the tot Bati\o _ bigalculated using the
&
€ WRS U e}“to @mem and simulate the

trat@éric platform height, earth

o

. The bh@ed results of these calculations

b
t of @APS. Thus, in the meantime, the
Hﬁ@l will be taken as a reference to evaluate

QLand the received signal under rainy channel

path integral method. MATLAB sof

rain attenuation for HAPS with:)ec]

station height, and the angle zlevati
will be applied to ev?@he HT w
minimum acceptablég N

the HAPS fade

conditions. :

Two Non techniques (which are diversity gain and the varable equivalent

adiated power (EIRP)) will be applied to compensate for the loss of the

Q
reca®ed signal. These techniques were chosen since they are ones of the most

efficient techniques in practical. The remote site will be established corresponding to

the master site. The signal power which can be gained 1s a function of the separation
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distance between the master and the remote sites. The considered clue in this thesis is
to let this distance overreach the rain cell diameter during any rain event. As a

comparison, the result will be then highlighted to prove the advantag@ site
diversity technique. : %

In additional to the rain attenuation, another issue has been takenv.account 1S the

free space loss. Free space loss 1s one of the main problems faci ose systems that

operate at high frequencies. The impact of the free space z'll b calculated using

the common equation which known as Friis equation Wigeh ew jn Equation

N
3.12. Subsequently, the result will be added t rain attepuafln 40-®cify the
el

system power threshold.

The results and the outcomes based on the:

e ﬁ‘\i)\the HAPS system i1n

reference for the designers to iden%h bes 1
| | . >N |
Malaysia. As mentioned before, Ag##¥81a peninsyta¥ n;é& two stratospheric HAPS
shdws

segments to cover the entire a?ﬁguri 3. thedmethodology flowchart which
used as a reference of the %p .

3.2 Coverage hlaySia
& _
y ad'&tages over terrestrial and satellite networks,

T

especiallyag Xrms of the covera@rea, because it could serve different areas such as

islm@fms, underdeveloped towns, remote and urban areas with highly cost

gifec service. The satellite cost 1s quite high as well as for terrestrial systems

The HAPS

gy &

C

because of the many access points that are needed to cover these areas. Moreover, 258

ground terrestrial towers are needed to cover the same area thais covered by one

HAPS segment. (Al-Samhi & Rajput, 2012)
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Based on ITU-R recommendations regarding the HAPS area coverage mentioned in

the introduction, two HAPS platforms located at 25 kilometers altitude could cover

the whole Malayan peninsular at a minimum elevation angle of 7.5° degreg ce the

lometers

length of the peninsular is 750 kilometers and the HAPS at height cj 7
ed

can cover a diameter of 380 km at 7.5°, thus two HAPS are n td cover 750

d
kilometers. With the lower elevation angle of HAPS, a large%:an be covered.

However, the earth stations located at the edges of the co raR are suffering a higher

l

th and the

@
curvature of the earth. For HAPS Wireless Acces e minfnum elf‘f'\aﬁ' angle

propagation or blocking loss due to the length of 4 opa

allowed be used 1s 5° degrees where it is better ¥ hi eyftion aigle in order

| Th%gre, when the

earth stations receives the HAPS signa levation JpSle ét’ degrees, and the

plattorms are placed at an altitude o %\ the ? Ko\
0 %)

486 km. The ground stations ﬂ\ ecwi’g @ork with other terrestnal
N

networks can be placed o

to avord or guard against excessive grouné

3.3

HAPS platfo

peninsular %ﬂ
N

stations\ selected 1n each&ﬂart. Each part has 1t is own environmental

ch r%cs, where these locations have been selected based on the highest rainfall

unts. Thus, they are suffering the highest rain attenuation in the peninsular.
The stations are listed from north to south respectively. The stations covered by the

first HAPS platform are Kampung Sungai Tong, Batu Kurau, Taiping, Kampar, and
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Bidor. The second HAPS platform 1s dedicated to cover the other five locations which

are: Tanjung Malim, Kepong, Endau, JIn Kluang Mersing and Kahang Kluang. The

T

The elevation angle of these locations can play a very important rols% ing the

coordinates of the 10 stations are listed in Table A.11 (Appendix A)

rain attenuation. Therefore, if the total signal path is completely ed by rain,

ene
the highest elevation angle in this case can produce a smaller a@ value for the
station compared to the result where the elevation angle is owwﬂd vice versa.
3 0l .hes arameters,

each station will receives the HAPS signal at a diff@gat angle J[TheR ?re El?_’gfmpact
-
e

of the rain attenuation will be different at each site. les V@Snfall rates

N
amounts and the attenuation of these locaqud.\

4. 24:‘”
The rain attenuation predicted in this

Each location has its own coordinates and rainfall ra

are <Qrt-:*ragﬁ', which are

(UAC), (SAC) and (RAC). The si

7 S
thesign p'aﬂ@t will be affected by the

impaired by one rain cell. The |

we, elevat angl d the rainfall rate. The rain
|
pe of\ méqjgoned in Chapter 2, where 1n the

peninsular OfMa]aySI \la v‘: 1zel ual 1.25 km (Khamis et al., 2004).

detb
ESS) are loc wa} a

ES2 equals ! km, 24.22 km
\

ES4 7 km between ES4 and ESS. The southemn ground stations which are

rain 1S dependent on the rain

cell size 1s dependent on

cel

The earth statlons ?hr*&fﬁ’s platform (ES1, ES2, ES3, ES4 and

O

@r. The separation distance between ES1 and

een ES2 and ES3, 75.64 km between ES3 and

the second HAPS are separated as follows: the distance between ES6 and

ES7€quals 51.71 km, 234.22 km between ES7 and ES8, 46.1 km between ES8 and

ES9. while the distance between ES9 and ES10 1s 15.2 km. All these of stations are
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receive and transmit the signal with different elevation angles depending on the HAPS

platform location.

3.4 HAPS Areas Coverage : %\

HAPS stratospheric segment can deploy multi-beams which capawvf projecting

numerous Spot beams within 1t’s coverage area. The platfonnNs the high cell

oCd tp create a radio
HM}fogl and

N
| re’ @HAPS
e (U Y,.suburban

re ﬁeated mainly

er.ggan be categorized

tower. In HAPS system, the platform is located above th

coverage area of up to 500 km. The HAPS system consistSg{ th

number of earth stations located on the ground

coverage 1s categorized in three distinct areas: ur

area coverage (SAC), and rural area cov@‘lz\

according to the elevation angles. In oth r%s are

- e o e e % u W

A
t
Covernage radwo :
¥
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Urban Area Coverage 1s defined as the area that covers 35 km, out from point that
located perpendicularly under the platform (ITU-R, 2008). The relative elevation

angle extended from 30° to 90°. Suburban Area Coverage extends from U\Ym

km away from the sub-platform point (SPP), where the relative angle 3 tion 1s

from 15° to 30°. Rural Area Coverage is the area extends form SAQ to afound 243

km. The relative angle of elevation is extend between 15° to 5° d

3.5 Modified ITU-R Rain Attenuation Model for ar Sw\llia
o~
Ignat ollmh‘?(ﬁxed

In position) to exchange the data with the receivi s

HAPS and Geo-stationary satellites have an (%N pery

There are several models for the ran att 1% 1cﬁ 13&90 high frequency

N

ndqpce In 1S ﬂ@s the modified ITU-R
Y

lrov

th a&nuatlon in Ka band (28-
emgoh caused by the rain.

bands, where most of them are region

model 1s presented to estimate the

31GHz). The goal of this zls
designers to estimate an :flct the' :
The radio signal impaﬁw F throte]

3

size, local rainf%& , r3n I'Qghts and signal frequency band. Rain
attenuation be Sw:ased onpell Lize $atlon 1s 1llustrated in Figure 3.3.

= S
S

N
la@%urate method for systems

rau@ strongly dependent on the rain cell

O
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Figure 3.3: Prediction scenario for HAPS and stationary satellites

N X O
¥lo e%jﬂ‘@e signal link 1s not

o Q-
N seeﬂ%&hat the actual signal path
N

path™gs) proposed in ITU-R model

Ne ITU-R model is not applicable

tige signal path is determined based on the
N
'0@ (dB/km), multiplied with the entire path

N
g’@n by

length of toeStnal Lg (km). It is

Aoo1 = VrLE |dB] (3.1)

where Lk is the effective signal path from the earth station to the height of the rain

storm hp, where 1t 1s obtained by
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Lg = Ly + Lg, |km] (3.2)

The relation between the specific attenuation at a point and the attenuatio@gthe

honzon propagation path is determined by multiplying the specific a:!e%on with

the effective path where 1t 1s a function of the signal path affected b

The attenuation 1n the path that 1s not affected by rain is found as% z S.

The path length L, 1s given by

where x 1s the horizontal projectio
diameter.

The effective path length o
S|

N y) 4**(”)
The predicte %uation e ceegad.{?' 0.01% of an average year of the signal path

4
&
Ls>1s 0 w from ™~

A'o01 = VrL'E [dB] (3.6)

= | 3.5)
7 (

Fin e overall attenuation can be found by subtracting the attenuation obtained by

Equation 3.6 from the total attenuation in Equation 3.1 to get the attenuation for the

actual signal penetrated by rain.
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A0.01(L51) - A0.01 o A’0.01 [dB] (3-7)

\V‘"

Incorporating all the equations previously (Equation 3.1 to Equation 3 he final

equation (Equation 3.7) can be written as
‘é\ L.
“\
J | S
1n this thesyy, w w&the first

part which

(Hp — Hs)
L Ra tan@

AO.Ol(LSl) = KR%LsV 01 — cos@

Equation 3.8 1s the summary of the new model develo

term of the equation Ag 4151y 1S the rain atte%z _
aftected by the rain. The second term 1s \D () @%tal path, while

th wth

ﬂ
% wlﬂca or any annual average
at vtpre ng modified ITU-R model 1s
"' %
O

sta ‘%eckmg and verifying the system

f&‘g*’ed by the rain.

the third term 1s the rain attenuation for

The attenuation predicted based o

time of rainfall rate. The flowcl

shown 1n Figure 3.4. : ’

The beginning of the & cti
!hﬁgct{t rainfall rate, etc). The initial system

parameters (HAPS e@ e
O

Th'st
parameters are ﬂ I bi segft pré}.t the attenuation caused by the rain 1n a
/km], where th 33. ulation of the specific attenuation is depends

angle, polanzatlon, and the frequency.

Q

4

distance of

on the el

ection 1s used to calculate the effective path of the signal, where the slant

path can be calculated based on the height of the rain, height of the earth station, and

0
the elevation angle. For the case where the elevation angle 1s < 5 , the additional

parameter required is the effective radius of the earth. The model defines the effective
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path (Lg) as a hypothetical path that when penetrated into rain will produce the same
path attenuation as the actual rain distribution over the physical path (Lg). The ITU-R

model utilizes a vertical adjustment factor and a horizontal reduction facto \R P

009),

and rg01Vo.01 respectively. These factors are obtained empirically (Sh].‘.

where both of them are related to the spatial rain rate vanation, figguency, and the

signal path length. V

The previous steps 1n section 1 and section 2 are then wi Rused to predict the

aWn for the
®

wn, reddction a'toqggl the
dif%a'model 1S

odel. Thus,

attenuation for ITU-R model and the modified model rai

ITU-R model can be predicted using the specific atten

slant path length. The prediction of the rain att
taking into account the rain cell size, which n$ufw‘ n
the modified model 1s able to predict the\g enuati

or completély affected by the rain.




Figure 3.4: Flow chart for the Modified ITU-R Model
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3.6 New Rain Attenuation Model for Non-stationary Satellites

Rain attenuation 1s a common, yet often very complicated weather event that mes
\or all

types of satellite signals e.g. Geostationary Earth Orbit (GEQO), Medium Warth Orbit

(MEO), and Low Earth Orbit (LEO). \3

In this section, a new model has been developed to predict ﬂlevttenuatlon for the

the wireless communication signals in the presence of rain. It cause

non-stationary satellites such as, MEO and LEO. Thes N sa(’te?e moving

faster than the earth, thus they are not regarded as stgtionan

soyrces 1S e'r@ving

onary }at lite§ 1s p%_ nted in
N

uatlc#{model described

O

lges the knowledge of

station. The proposed rain prediction model for

Section 3.5.
This model uses the reduction factors o%
in Section 2.17.2. Attenuation predicfon usi

some parameters such as rainfall rate

3]

C Vi

R \ty of both the satellite

and the clouds, and the ran ceN. v@he non-geostationary signal

scenario penetrated in th%z
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The attenuation of the satellite signals can be predicted as follows:

The rain attenuation A, o, (dB) for entire signal path at any percentage of time can be

determined from

Aoo1 = YrLg

Since v=6.9 km/s, therefore at t=0.0 ¢ | né?étion distance in the
rain 1s equal 0.0069 km.

Once the signal path goes LIT e ,

increases, where the maximum ngth fof t

The path length at &\1/&).00 3

C—)
A‘g’
-
S

where d, can be calculated by subtraction the clouds velocity from the satellite

Lg
cosf@

(3.11)

velocity if the cloud moves at the same direction with the satellite, while it 1s equal the
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summation of clouds and satellite velocities when the satellite and the clouds moving
\ 7612

If opposite directions, d, =d; +d, Yv (3.13)

’ rg , where 1t can be

NY.
N3
| S

-\
i Q In iY.\'tﬁbimagine

@=pith that truly

In opposite directions.

In case of same directions, d, =ds —d,

The slant path Ls assumed to be totally penetrated in |

calculated either from Equation 2.11 or Equation 2.12.

The reason of proposing the slant path is totall

that the non-affected path 1s the one that affe

penetrated in the rain. The non-affected p2 |

Since 1t 1s known that the rain" '
used to calculate the non:-un’) ‘

calculated as follows

(3.14)

I'm

The predict®g at®nuation exceededa{qr 0.01% of an average year for the signal path
| N
Len cag D%gbtained by
A" 001 = Lgnyr (3.16)

N

so far, the rain attenuation of the imaginary path has been predicted, thus the overall

attenuation is founded by subtracting the attenuation in Equation 3.16 from the total
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attenuation in Equation 3.9 to get the attenuation for the actual signal penetrated by

rain.

Alpor = Appo1 — A’ 0.01 c\-”)

The second step 1s to calculate the path length L, when the signal Txceeds the

rain cell by a distance of d,. It can be seen that the signal path perated in the ran

will decrease gradually as the satellite moves. Therefore gbee' calculated as

AP

follows

The path length will decreased

therefore the path length whichﬁc. 1t

IK\ | (3.19)
S
W \A Lez = Vsas (3.20)
<~

gective path length L3 of the signal is found by multiplying the actual path

penetrated in the rain by the vertical reduction factor v 0,
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Lgs3 = Lg3g 01 (3.21)

The rain attenuation of the signal path affected by rain can be calculated E\:

A2¢01 = Lgs3Yr

Y' - (3.22)

This model 1s valid to predict the rain attenuation for LE

time percentage of average a year.

3.7 Rain Attenuation Prediction Using® ol

Mathematically, a convolution is defjed as e&
at x ' times another function at x-x'. TheInte@ration i
0 to the rain cell size, which Ns st

therefore, a function of %z ariab
3.24, where the cro%cmb

all space of one function
A

er the variable x ', from

(3.23)

(3.24)



71

where: g(x') is the specific attenuation in [dB/km], which is a function of the average

%S

time that the rain 1s exceeded in a year, and the operation frequency in GHz.

the eftective slant path penetrated into the rain in km.

3.8  Effective Rain Cell Size Y- '

mnd at the altitude

'r@ads on the

re. & Qrude
| S

'%“ speed.

nd then the

In general, clouds move at a speed and direction of the prevail

where the clouds are forming. The direction and spee

Yosphége are called "jet

the Around. Speeds 1n the

&
n@ When clouds occur at

| At.@wer level, the wind speed and

&

rgure 3.6 illustrates the scenario of

hr(E;
.

aéiﬂio satellites.

the signal penetrati(\nt
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Figure 3.6: Time seres of non-geostationary satellite signal penetrated in rain
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ll"ql-m-i-'—lii-i"\-l- q—\ﬁ- e R e o N i oy G eTE LR LW TR W RAR W o af u e e S ,‘1;.*r n ....,ﬂ-

Signal at 12

NY.

J jign Wi
-
s \j."

the ggeen size due

I, tb%ffecﬁve cell s1ze

It can be seen that the effective size of the raigll'z no
<&

depends on the nitial position of \\%the

moment of the penetration. e
Based on a deep study tha aﬁv don, I

the satellite versus the clouds ggbven

to the movement of both the clouds an te.

@se cloud at the first
S

7 Q-
&
Q

Iw ftor estimating the behavior of

€

$

ffe@ae cell size of the rain cell can be

obtained by _
O
. dR) [km) (3.25)
A CSE — RCS), RC 2 RCS [km] (3.26)

, Otherwise

Eff:%rain cell size = {g

her
RC is the rain size in [km].

S 1s the satellite speed.
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Cs 1s the cloud speed.

dp 1s the distance between the initial position of where the signal touched the ¢Joud at

the first moment of the penetration, and the edge of the rain cell. E\

The eftective rain cell size calculation method 1s utilize four parametw, 1., RL:S,

and dj) that can be adjusted depending on the velocity of both thwite and clouds,

the touching point distance of the signal to the rain cell & c cel‘ S1Z€.
! NY.

| &
4
SN

..j."
the §€nal level across

3.9 Fade Mitigation Techniques

Q\T

ctuamQhs

Wireless links can be impaired by the r@

the space. This phenomena 1s called atjenuation. | §@g c}a\.ﬁgn due to rain 1s one
10N tec \specially In a tropical

Many techniques hatgbeel devel

by the rain. In they tua, sl

ying® the signal from the diverse site to the main site. Site diversity technique

utilizes master and remote stations located several kilometers apart to take the

advantage of the non-homogeneity of the rainfall intensity (Enjamio et al., 2002), as
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shown 1n Figure 3.7. This technique can be used when the probability of the outage

might occur on the main site due to heavy rain. Since the diverse site is a few

kilometers away from the rain cell, it will unlikely suffer the same fmz'on.

#Chnique

Therefore, the availability of the system will increase. The site divm

simply depends on single site attenuation and one or more joint?ﬁenu&tion,

where the joint site attenuation must has the minimum rain aﬁwn compared to

the other site. For instance, if A, 1s the attenuation of the si WZ lis the joint site,
the attenuation 4; 1s given by: \d'
N4

The signal received by the joint site 1s rerouted to Y€ MastEngtatig

The simplified prediction method used in this thesis 1s the site diversity gain Ggp,

which is defined as the difference between the single site attenuation Ag, and the joint
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site attenuation Ap, expressed in decibel [dB], for the same rainfall percentage in

average year (Timothy Pratt et al., 2001). Y'

2
Gsp (p)=As (p) — Ap (p) A (3.28)

In the meantime, an accurate expression can be used to calculitm;ower which can
be gained by applying the site diversity technique, which wftten In a sumple
form. The calculation of the site diversity gain follows th®gstep§. \d' W

| &
% 3

&
4\ (3.29)

lated gs ¢
4

N

The gain contributed by the spatial separation can R

(3.30)

(3.31)

(3.32)

te the gain term dependent on elevation angle from

a(Calc

Gy =1+ 0.006 6 (3.33)
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Calculate the baseline-dependent term from the expression

Gy =1+0.0020 c\ ; 34)

The net diversity gain as presented in Equation 3.35

where:

d 1s the separation (km) between the two sites

Ao 011s the path rain attenuation (dB) for a sfngl

<

f 1s the frequency (GHz)

0 1s the path elevation angle (degree

P s the angle (degrees) made b

the baseline between sites,% this‘.

S

3.9.2 Vanable

The equivalentg W \(ybne of the techniques used to mitigate the

opic raguate
e margil vahie o?the HAPS link 1s needed 1n order to apply this
Y

rain aﬁenuiw
techni 1\ 1s task, 1t 1s as'?;)ned that the EIRP of the HAPS will increase

Qing to each rain attenuation event that affects the transmitted and the

b signal for each location. Some parameters were initially assumed to facilitate

the calculations as shown Table 3.1:




77

Table 3.1: HAPS system parameters

i Parameter Value
Downlink frequency | 28 GHz -31 GHz Yv
A R T - &
Free space loss | Variable '
Transmitted antenna power 50dB W

\4

| Transmitted antenna gain m
1

| Link margin | Wgriable

i :
N
0
NV

The received power can be obtained as below:

. .
\
NV QQ\T
O
A (3.36)

where:

EIRP 1s Equivalent 1sotropic

G, 1s Recelve antenna gai

L¢s Free space loss

£

1))
3.10 Il&ce of KldFatien ﬁvé:
\c.,

When W, al link 1s completely affected by rain, the attenuation due to rain can be

é by increasing the operational elevation angle of the HAPS ground segment

(Schwarzenbarth et al., 2007). Moreover, not only can the elevation angle play an

d

Ap 01 Rain attenu

'@ocation

important role for the rain attenuation, but it is also does in the clear sky event, where

the free space path loss reaches the minimum value at a high elevation angle.
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Elevation angle refers to the angle between the beam direction towards the HAPS, and

Figure 3.8: Antenna elevation angle s )

Vertical /
Z enith) Y' /
J

the horizontal plane, as shown in Figure 3.8.

\

) _
-
L CQ N |
When the total path 1s being affect e galll, angthie m%ﬂmum operational angle
“ Q-
w 7083

d fro

w

of the HAPS ground station 1s in J10 grees, the rain attenuation

70° degrees.

3.11 HAE

ip

S
Sl )
R 3

' S
Typlca.N communication path between HAPS and the terrestrial terminals 1s a

) S

1s reduced to about 90 A.E% Qver, In ‘ase ‘ ﬁ@ partially affected by the rain,

. J
the rain attenuation mc%es opt he;\b elevation angle varies from 30° to

A\ S
P
&

I %t connection. This type of link 1s highly affected by the free space
bg&tion loss, because the operational frequency band of the HAPS 1s above 10

GHz. In this section, the basic wireless communication theory will be applied to

calculate the HAPS link budget.
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The link budget 1s a process to estimate and assess the gains and losses of the
transmutter and the receiver over the channel media for any telecommunication system
network. To calculate the budget of such a link, several factors must be%g into

consideration, because they are playing an important role for the signa&tre h such

afosmit‘rer and

receiver power (Cheblil, 1997). For the random varying chanwnditions, some

as the channel distance, transmitter and receiver antenna gains,

margin can be added depending on the expected severity fi e@ enliation impact. A
simple link budget equation 1s described as follows. \d
'~
.S
P, = EIRP + G, — Lyt \T (3.37)

where:

EIRP is the equivalent 1sotropic
G, 1s the received antenna gain (§B).
L¢s 1s the free space 10355 \‘. 0
Ap o1 1S the rain atte &pre l d & paﬂ@ location.
S [ 037E
&

e e asgAgiedy ? caleggate the HAPS Link budget by using the link

Some param

budget fa

N
Table%
S

which presented,'\ quation 3.37, where the parameters are listed 1n
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3.11.1 Free-Space Propagation and Path Loss Theory

The Frus equation 1s used to estimate the signal loss due to the free space or an

atmospheric medium. Thus, this equation is valid whether the medium 1& y Or In

clear sky events. 3 )

% Z
P. = P,G,G, (EE)

where:

P. 1s the power received

P, 1s the power transmitted

G, 1s the transmitter antenna gain

G, is the receiver antenna gain \,

L¢s 1s the free space loss

d 1s the distance between trans

A 1s the wavelength of radio
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When representing the Friis equation in decibels (dB), we have

Lrs = 10log ((“"jf )2)

= 20log (Wdf)

c

The parameters are substituted as follows

(3.44)

&
In this thesi% quegic ﬁ or @S is 28 and 31 GHz while the altitude of the
L o
HAPS height 1s 25 k \i'hus, the calculated free space loss at the sub-

platformagdint (SPP) for the downlink 1s found below:

N

In case of the uplink, the free space loss can be calculated as follows

Lys g = 92:45 + 20log25 +20 log 28 = 149.35 dB (3.45)
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Lf5(31) = 92.45 + 20log25 + 201log31 =150.24 dB (3.46)

However, the amount of the free space loss is located in different lo? the

Causec

amount of the free space loss for the uplink and the downlink will be dich

they are transmutting and receiving the HAPS signal in different ele‘&angles.

3.11.2 Fade Margin \’

Y:siFnal power at the
receiver imnput and the mmimum acceptable signal pows

the fade margin required 1s depends on the link&ty to
the link 1s designed, where the higher the m d

Practically, the receiver must has a fad@n
sm

received signal 1s higher than the thre

Fade margin 1s defined as the difference between the

e

gatal

<
g

@ing to three different receiver

dB.

lateg by

the ITU-R model or other models, software

Y

ng 1s the best way to\g,o through such a process. Software programs have
advantages, not only to reduce the burden of the calculation process

&nﬁonally, but the results can also be presented in more convenient way. The

software tool can helps the user to obtain the required results by just setting up the

values of the input parameters and waiting for the results. There are many options for
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the user for developing their source code such as, C++, BASIC, PASCAL, MATLAB

or any other high level languages. MATLAB software has been chosen because it is

ranked as one of the best programming tools, with many built-in functiofth® can
reduce the burden of the overall work, and obtaining accurate results. s )
The calculation of rain attenuation based on these models has lon3mpegedure steps.

Therefore, 1n order to guarantee accurate prediction results, sow tools are very

important to be used. Thus, the full MATLAB code is% uszted 'in Appendix B
:'é NY.
to _de:ribe the research
A

| &
The understanding and the modeling of ch
e ‘ha\ptT
w% )

through Appendix K.

3.13 Summary

any communication system. The pu

S
rpose
methodology of this study, describe a 3l as the location of the

T
% o Q-
:ia ' pie\& the rain attenuation for

e i@ ant to design
ground stations. The proposed M
mqaflels (ewEwed 1n this chapter to predict

HAPS and satellite are alsg”disc@gsed. T

met estimate the slant path rain

6

Lg\éd for different scenario, some

"lg assume that the rain microstructure 1s

the rain attenuation raprese
ch

attenuation. Altho@

characteristics

constant for e specific attenuation can be approximated

w relationship. \CO

\

by the potves
e also provides an explanation of the procedures used to design the link

Th

udeSwlhe design of HAPS system begins with a set of parameters that affects the
overall system performance such as HAPS altitude, elevation angle, and the
coordinated of the ground stations. Amongst the various procedures employed to

support the design and development of HAPS communication systems, the link
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budget stands out in its ability to provide overall system insight. By examining the

link budget, the factors regarding the overall system design and performance can be

identified. This chapter discusses the mitigation techniques that used t NK e the
62.

signal strength and to guarantee the wanted service availability of the sWst




