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Point-to-point Radiocommunication Link

A Radio Link

f repeater ¢ repeater ¢
1 2 n
Terminal [P «—> :—> X «—--—> X[ Terminal
Hop 1 Hop 2
A Hop . )
Isotropic @_ ________________ _@ Isotropic
antenna .
T Propagation : antenna
! loss !
Transmitting Receiving

antenna gain antenna gain

RX antenna
cable lose

TX antenna
cable lose

Transmitter Receiver

Filters, Filters,
feeder, etc. feeder, etc.

R
Caribbean Seminar for Training of the Trainersin Sp- ectrum Management System for Developing Countries (S~ MS4DC) @

Definition

» Point-to-point communication
Radiocommunication between specified fixed stations

» Fading
Fluctuation of signal level respectto | _} 3 ..
stable condition for number of reasons \

» Path Profile Minimum acceptable

A vertical cut of terrain along propagation  gjgnal level
path between transmitter and receiver
« NFD \ )
Discrimination gained because of TX
emission and RX reception masks
» Polarization
The locus of electric field vector fluctuation
« SWR
Standing Wave Ratio ([1+|T])/[1-[T]])
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Link Budget

e Total Loss = [Free Space Loss]
+ [Atmospheric Gaseous Loss]

+ [Rain Attenuation] s

+ [Clear Air Fading] “?%@(o

+ [Diffraction Loss] %/ D)
+ [NFD] A7)

» Flat Receive Level = P+ G;
—[Free Space Loss]
— [Atmospheric Gaseous Loss]
— [Diffraction Loss]
- Gg
— [Receiver Insertion Loss]
» Fade Margin = [Flat Receive Level] — [Receiver Threshold]

* Insertion Loss= [Cable Loss]+[Branching Loss]+[Mismatch Loss]
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RF Signal Spectrum

@ Power Spectral Density of x(t) : | X(f) |2
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Transmitting and Receiving Masks

» The power spectral density (PSD)

Transmitter emission mask

0dB

Spurious
emissions

= RF Signal Spectrum floor
x(t)

Noise floor

I ~6 dB

Assigned
Frequency

* Normally each TX has identical corresponding RX
receiving masks

* Mismatched TX & RX masks cause additional loss (NFD)
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Propagation Effects

 Diffraction fading due to obstruction of the path;

e Attenuation due to atmospheric gases;

» Fading due to atmospheric multipath or beam spreading
(commonly referred to as defocusing) associated with
abnormal refractive layers;

e Fading due to multipath arising from surface reflection;

e Attenuation due to precipitation or solid particles in the
atmosphere;

 Variation of the angle-of-arrival at the receiver terminal and
angle-of-launch at the transmitter terminal due to refraction;

* Reduction in cross-polarization discrimination (XPD) in
multipath or precipitation conditions;

+ Signal distortion due to frequency selective fading and delay
during multipath propagation.
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Propagation Loss

» Attenuation due to atmospheric gases,

 Diffraction fading due to obstruction or partial
obstruction of the path,

» Fading due to multipath, beam spreading and
scintillation,

» Attenuation due to variation of the angle-of-
arrival/launch,

» Attenuation due to precipitation,
e Attenuation due to sand and dust storms
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Gaseous Attenuation wese

° I
« Considerable loss 2 @
above 10 GHz =0 f- =
g A ll | ‘ !ﬂ L//
A=yd dB 5, I
« High attenuation o I
frequencies have e FESi
special usages y/Aa \
g Tf(}a(/ ry|ai Br/ air
Pressure: 1 013 hPa  °
Temperature: 15C 5 ;
Water vapour: 7.5 gﬁn A A HLO
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k-factor

« Electromagnetic wave bends while passing through non-
homogenous medium,

« Vertical profile of atmosphere is non-homogeneous,

* Median effective Earth radius factor:  k,, =157/[157- AN]
» Effective radius of Earth in km: a, =6371xk,

* See ITU-R P.453 for AN (vertical refractivity gradient),

k>1 k<1
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Propagation by Diffraction (ITU-R P.526)

« Diffraction over a spherical LOS is possible
earth for trans-horizon paths

« Diffraction by obstacles
inside Fresnel zone

» Consideration of diffraction from round, wedge
and sharp obstacles, single and multiple (in
P.452 propagation model)
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Fresnel ellipsoids

n=1 Fresnel Ellipsoids =

T e Wavelength
AM + MB = AB + nE

* More than 90% of power, propagates inside first ellipsoid

* For Line — of — Sight (LOS) communication first Fresnel
ellipsoid should be enough clear

R
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Fresnel zone

Radius of
nt" Fresnel zone

\
‘ d, \ d, \

_ 55| NG 0y Y2 fis frequency in MHz and
hs” (I o)t all distances are in km
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Diffraction Fading
Obstruction of the Path

* No LOS
path

e Obstruction
inside
Fresnel zone
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Diffraction loss and clearance

1st Fresnel zone

=
o

Positive h h

Obstruct

10 5 /
/ /

20
A, /

* 0.6 F, clearance is necessary
for tropical climate

Diffraction loss relative to free space (dB)

/
B: theoretical knife-edge loss curve 30
D: theoretical smooth spherical Earth loss curve, [ D
at 6.5 GHz anét = 4/3
A: empirical diffraction loss for intermediate tair 40
F: radius of the first Fresnel zone -15 -1 -05 0 0.5 1
h: amount by which the radio path clears the Earshtface

Normalized cIearancehIF1
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Antenna Height Determination
(Single Antenna in tropical climate)

» Step 1: Determine antenna heights for 1.0F, clearance in median
k- factor (kg, = (157/(157-AN)) or k =4/3)
» Step 2: Determine antenna heights for 0.6F,; using effective k-factor

from the following figure 11

e Step 3: Select the larger 1
antenna heights L~
0.9 o
LA
0.8
* In temperate climate s /]
step 2 will be down using ~ /'
0.0F, for single isolated g 7
obstruction or 0.3F, for 05
obstruction is extended o
along a portion of the map o,

2 5
Path length (km)

10
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Multipath Fading

atmospheric Multipath surface Multipath
Antenna Decoupling Beam Spreading
(governs the minimum beamwidth) (defocusing)
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Multipath Fading Elements

» Multipath fading depends on:
— Refractivity gradient in the lowest 65m of atmosphere
— Area terrain roughness
— Path inclination
— Exceedance time percentage
— Frequency
— Altitude of antennas

» Calculation method explained in ITU-R P.530
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Hydrometer Attenuation

» Can be ignored in frequencies below 5 GHz

» ITU gathered rain statistics during 15 year (ITU-
R P.837),

Y =kR" dB

 Specific attenuation y; depends on polarization
and frequency,

* Rain attenuation exceedance can be estimated
within 0.001% to 1% of the time
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XPD Degradation
(XPD: Cross-polarization discrimination)

» XPD defined in ITU-R P.310
* A measure of polarization diversification

H : VH A : VH XPD = PR,COF'Ol
PR,XF'Ol
TX RX TX RX

» Multipath occurrence and precipitation degrade XPD

R
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Techniques to Reduce Multipath Fading

» Using inclined path to reduce flat fading due to
atmospheric mechanisms (beam spreading, antenna
decoupling, and atmospheric multipath);

* Reducing the occurrence of significant surface
reflections;
— Using terrain shielding,
— Moving reflection point to poorer location

» Using vertical polarization over water
» Prevention of larger value of clearance
» Using diversities

R
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Diversity Technique

» Space diversity
— To combat specular surface reflection %

— To combat surface multipath fading

» Angle diversity (two antennas in
different orientation, in same or
different heights)

» Frequency diversity, more than one frequency
used for transmission

R
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Interference Mechanisms

* Long-term mechanisms
e Short-term mechanisms

R
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Long-term Interference
Propagation Mechanisms e

Tropospheric scatter

Line-of-sight
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Short-term Interference
Propagation Mechanisms e

Elevated layer
reflection/refraction

Line-of-sight with
multipath enhancements
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Exercising SMS4DC

R
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Types of RF Channel
Arrangements

Homogeneous channel arrangement
ST e S XS WMz s = =012 5 =
fio= Tk f e SRR EXS* MR 7 2 = 0132,

n

Uniform channel arrangement

f =f,+n[XS MHz, n=012,...
Non-uniform channel arrangement
References:

— ITU-R Recommendations, F series,
— CEPT Recommendations,

R
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Homogeneous RF Channel Arrangements
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Uniform Channel Arrangement

» Suitable for Simplex operation mode

 More common in the bands shared
between Fixed and Mobile
* The only choice for TDD transmission

— Transmitting and receiving will be down in
different time slots
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Exercising SMS4DC software (1)

» Link Calculation provided for following models in the menu
of Propagation Model:

- ITU-R P.370

— ITU-R P.1546

— ITU-R P.526

— ITU-R P.452, and
— ITU-R P.530

e Step 1. Lunch the SMS4DC software

+ Step 2: Lunch the DEM view using [&| toolbar push
button
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Exercising SMS4DC software (2)

» Step 3: Establish Fixed station A using [&] set the
frequency to 890 MHz

« Step 4. Choose antenna “ant_ ALE8603_806.ant” and
check the antenna pattern

» Step 5: Establish an other Fixed station B using |& | set
the frequency to 880 MHz

« Step 6: Choose antenna “ant_ ALE8603_806.ant” and
check the antenna pattern

e Step 7: Open the administrative part from “Database-
>Licensing”

» Step 8: Select “Anonymous Station” and find station B,
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Exercising SMS4DC software (3)

Step 9: Open Antenna Information Table of station B

Step 10: Push the “Modify” button,

Step 11: Change the field “Class of Antenna” from “T” to “R”
Step 12: Push the “Save” button,

Step 13: Find the station A and go to the level of
“Frequency”

Step 14: Push the “Add Receiver” button top of the
“Frequency Information” table of station A. The “Add
Receiver” dialog box will appear.

Step 15: Select the “Point” Radio button. All the selectable
receivers will be displayed in relevant spreadsheet
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Exercising SMS4DC software (4)

» Step 16: Choose the station B from table under POINT
section and push ok

» Step 17: Close Administrative dialog box

» Step 18: Open the “Database” menu and select “Display
Link”.

» Step 19: Select the record of new established hop

» Step 20: Push OK button to display stations of selected
hop on map
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Push buttonto 2=
save profile

Exercising SMS4DC software (5)

» Step 21: Open the menu “Propagation Model” and select
Link item under the ITU-R P.370 propagation model

P Toto Loss (GB):199.252 , P
: - pe BT
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Exercising SMS4DC software (6)

» Step 21: Repeat step 21 for P.452 and
P.526 propagation model. See the
different calculated results

» Step 22: Repeat step 21 for P.530
propagation model. See the different
calculated results

» Step 23: Use mouse drag to change
antenna height and manage reflection
points

» Step 24: Push “Reflection Points”

button to see spreadsheet of reflection
points

P\ Fixed3_Fixedd.bxt - Hotepad {5 =] ||

File Edit Format View Help

0.000000 1135 3 i
0.049312 1134 3
0.098330 1134 3
0.147642 1134 3
01966671 1134 3
0.245973 1134 3
0.294991 1134 3
0.344303 1134 3
0.393322 1134 3
0442634 1134 3
0491652 1134 3
0540964 1134 3
0589983 1134 3
0639180 1133 3
0683199 1133 3
07375111133 3
0786530 1133 3
0835841 1133 3
0884860 1133 3
09341721133 3
09831911133 3 =l

Profile data
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Exercising SMS4DC software (6)

Reflection Points |

Mo Cooidinates | Distaricelkm ; d1 | Distancelkm: 82| Height 45L{m] | Deka Rikmi| Giazing sholeDeq.]
| 1| 050E0817 3ENEE4 1.087 3532 1133,407 0.000 0,621
| 2| 050E0831 3ENGE4S 1.592 BT 1132541 0.000 0534
| 3| 050E0844 3ENEE49 1.928 604 1133.077 0.000 0481
| 4| o050E0928 3ENGS00 3083 33.3% 1133160 0.000 0428
| 5 | 050E0329 35N5300 3122 33847 1133355 0.000 0419
| B | 0S0E0959 35N5d08 3906 33063 1133964 0.000 0414
| 7 | 0S0E1059 35N5923 5473 31.49 1147656 0.000 0315
| B | 0S0E2904 36NOD400 33925 3044 1371.429 0016 3105
| 9 | 0S0E2951 36N0412 35,160 1.809 1487.258 0.014 3588
10| 050E3000 3ENO4IS %391 1:578 1503.716 0.014 3921
| 11| 050E3022 3EN0420 BH.I70 0,933 1566.516 0.013 4,603
12| 050E3029 3EN04Z2 36152 0.817 1583252 | 0012 | 5426

13 050E3057 36M0429 36852 0.077 4290 ad I Nt 2758

psoaomabiy
ﬂl el of Bledd el Avalabilty(#)  Outage fnSec]  Oulage (intlin)
WORST MOMTH [33 090538 | ) PR
o (14 A HH 77 ANHUAL
° Step 25 PUSh Avallablllty AL [93 730995 [aman 717y harsazese
o o [~ Multipath 5 -
button to see the ava"abmty Availabityf]  Outags nSes]  Ditags nMin)
X wORST MONTH [93.961351 [1001.763056  [16.636164
CalCU|at|0n resu |t ANNLUAL [93931510 |2680361044 44682684

Fist Feceive Level (dBm)
Flat Fade Margin (48]

Total Ge clmatic Loss ()

End

0.7324
4.262 F1
-109.145

9.886
11.006

Fiee Space Loss(dB)

Clear Air Fading (dB)
Fsintenvaton (45)
Abmospheric Absorption (dB]
Diffiaction Fading (dB)

141.864

e _factor:
Rel. Ponts
, Clearance

9.506.
1479
0.281
0.000
152,869

[al

>:

&350

Pl FrequencyittHz) - 8050

Fixed4
Prew)

Path Loss(dB)

Save Frofie || [F
Total Distancelkml 36.969
T FieauencoliHzl: 8000
Fixed3

Pitw)
1 o
0251189 g
Filw) il
a0

VEWR2 GidR)
s Fo
LB e
017729 1280.0
a0
w00
Leti) e
F 0
Suee
Hi_agilm) gm0
12 <m0
a0
w0
w0
Va1 1
1.22281 Phiv) 2000
noms2esEn | 117
Poin] w0

a522071

fResdy

JCoE) 357 57" 30.000" Lon(E) 1053 *56 30.000" Rt <71

516535016
205636 015
P

Y

Hi_salt)
1

Thieshold
0.250 )
119031 {dBm)

0227005
Fifohr)’
50

pistgan) : 102625 | 02§

19



