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[TE]-1 Tutroduction
_Radio frequency assignment is very important for system design
"in this project too and this engineering standard sets out technical
. requirements'to be met or based on . upon assigning'new'frequencies;
'The applications of radio frequencies can be-classified by their operat-
ing modes into fixed Service, moblle service; and satellite communica-
tion service,  This prOJect is intended mainly for fixed serv1ce, S0

that descrlptlon glven hereunder is limited to flxed service.’

[T1]-2 Frequency A951gnment
' It 1s. recommended: to effect frequency a551gnment on the basrs of
the frequency allocatlon,requlrements set out in Appended Articles 3
and 5 of the Radio Regulatlon and the alloéation pr1nc1p1es of BOC and

in consideration of the follow1ng items,

(1) Channel capac1ty beloW 300 MHz band be less than 6 channels
Channel capacity in 300 A 470 MHz bands be less than 24 channels.

(2) TIn order to realize effectlve use of frequencles, as much alter-

native use of frequencies as practicable is requisite.

[II];B_.Site.Location
1. Propagation Course’ : _
In view of the radio route. and profile, clearance should be

secured between the first Fresnel zone and obstructlons no bulldlng
-should be constructed S0 hlgh to become obstructlon in the propaga~
tion course, and no such disturbance to propagatlon as close reflec—_

| tlon should be 1nvolved even 1f the coeff1c1ent of effectlve radius
of the earth, 'K, varies to 0 8 Use of the over—the—horlzon system
(OH) should be limited to cases when the number of channels 1S small

even . in remote places so as to prevent influence of the OH system to’

be other systems,

2. Interference
The presence/absence of the influence of interference to and-
. from other stations should be examined. Details are described later

in this}brothure..



3, Location of Transmitter
Beam feeding, reflector, etc., should unot be used in urban areas
or areas congested with radio stations as much as possible. Station
building should be selected in congideration of environmental condi-
tions such as power supply, roads, and mutual interference, ease of

maintenance, etc.

4. TFuture Expansion
Extension of radio routes, branching, expansion of facilities,

ete., should be planned in consideration of future expansion.

5. Repeating Methods

(1) Baseband repeating
This repeating method features ease of drop out and inser-
tion but is inferior to the heterodyne method in distortion
character and line quality since modulation and demodulation are

repeated every time the signal is repeatered.

(2) .Heterodyne repeating
‘This repeating method requires no modulation nor demodula-
tion upon repeating and is suitable for 1ong—distancé transmission.
In this repeating method, the signal level variation, distortionm,

and transmission quality characteristics are excellent,

(3) Direct repeating (RF amplification)

' Although this repeating method allows no sﬁch dfop out nor
insertion as those of'heterodyne repeating mentioned in (2), it
allows, unlike héterodfne repeating, microwave frequencies Lo be
sent and received without_frequénéy conversion.

Aécordingly, a reflector incorporating active elements may be

employed.

[iI1]-4 Circuit Design

(Fixed service)

1. Design Procedure

‘System design of fixed service dis usually made by the following

procedure, and design data are filed in form of a system design manual.

-2 -



Item

Location (Section)

. . : o o
Application | ;, Is designed to meet requirements?

Chanmnel. capacity
Line- quality
Reliability

Line
demand
NN e,

LS|

Line quality
Site location
Modulation method _
Repeating ‘method <}3
Power system
Equipment in use _ : _
- Antenna : Ei) | 3 Power rating
Feeder .
Reflector
Measures agalnst fadlng
Measures against 1nter—
ference
Overall examlnatlon of
system deulgn

1 Frequéncy

2 Pdlarization

System design
o= .
pd AL OO0 SO N

=
™

1 Station building and
steel tower )
Equipment arrangement

Wiring
Auxildiary fac1lltjes

Installation
design
£ b

. Preparation of Course Proflle

In ordexr to roughly grasp the topograph1ca1 condltlon of the
route for proper site location, Hitis advantageous and efficient to
employ a '1/200, OOO map or a- like. “When- preparlng a proflle of a

course after general examlnatlon, draw a stralght line on the proposed

S route on a map with an accuracy-of ‘more than 1/50,000, pick up ‘heights

respective points on the straight line ‘above the sea level, and enter

these heights on the profile chart to be prepared.
{1) Examination of'first'Fréénel-zone

After preparlng the prof:le, find the dip of the Fresnel

zone by flgure showm below.



The dip of the first Fresnel zone, 8, is given by

So(u) = 1.58vA(em) *40 (km) seeeressse Center of the span
S (u) = 3.16/&.(cm) d1 Ckm) +d2 (kem) cev.. At a desired point
d0 (km)

When there is an obstruction (knife edge) on the line of sight

as shown below, a loss of Eo/2 or 6dB relative to the free space

loss is applied.

Knife edge

The influence of obstructions within the Fresnel zone is -showm
in the following figure which presents receiving power variation
for clearance variation. Here, the zone of receiving power
deviation in the line-of-sight is called the Fresnel zone and
zones in which the second and third deviations occur are called

the second and third Fresnel zones.



Receiving power
(field strength)

E, Eo/2
) :
0
——1 (=)
/ ~
. 0o &
. . _ ._1 D4R _
777 ITITIIT; //,/HN-I/U//_///////”:?S__.;13_ . '§
& = e :
' 6| - |
Knife edge i o E
. - +} o
\\
Value of free
space loss
Note 1: Eo(v/m) is receiving power in free 5pace.'
Note 2: Numbers show the orders of Fresnel ione._
(2} Location of reflection point _ .
The location of the reflection point is given by the follow—
ing equatioms. '
1) -Flat ground
d, = —= hi d
17 hp thy 0
Jﬁ 77T I7 77y 7T 77 TI i 7777 s 77 e r Y r -t o h2 .
_H_;dl'—_,l‘_d T J— a
-<——-~..-d0 — ; 2 2 h]_ + h2. O
2)  Spherical ground
Tr o 1 .
By o d; = g o
hy N o ho! T Ty
_ , h hy
_ . - § g N2 da = d
| 14 . 777t o 3 27 "h,' +h, ‘0
do ' e h. -
S hyt =hy - qq
- . where S
oy =




(3) Examine of height pattern

.When the antenna height at the transmitting or receiving
?oint is véried with the distance between the transmitting and
receiving points being constant, the course difference between
the direct wave and the wave reflected from the grdund varies
and receiving power variation due to interference appears as
shown in the figure below. This is called height pattern and is
used for determining the presence/abseﬁce of any reflecting wave
from the ground and measuring the reflection coefficient of the

ground, The higher the frequency, the gmaller the pitch of the
height pattern.

4o /
o 4
T
R "g:l’itch
228 (The higher hy, the
b ,//// narrower the pitch.)
r

Field strength E 1 A.( ) ed{m)
o L _Almjralm)
Ahr = 5 ht (m) w

Ahr: Half pitch of height pattern

3. Propagation Loss
In radio wave propagation, it is necessary to consider, in addition
to the free space loss, the influence of ground reflection, mountain

diffraction loss, fading due to radio wave condition in the sky,

radic wave absorpticn by rain and snow, etc.

(1) TFree space loss
Free space is such a space vhere any of radio wave fefrac~

tion, diffraction, reflection, absorption, and scattering is
caused between the'transmitting and receiving points and radio
wave attenuation is caused only by diffusian.
In geneial, propagation design of radio Waﬁés above the VHF
range. is made on thé bagis of the use of'isotrbpic antennas,
The propagation loss to be caused when iéotropic'éntenﬁas are

used as the transmitting and receiving antennas, is designated

-6 -



free _space 1oss.
When the free space loss is Lo, the transmitting output P, and
- the receiv1ng power W then we have Lo = P/W,-and since isotropic
antennas are‘omnidirectiohsl,
power fluxhdehsity_st.all points

Isotrohic antenna on the sphere of d in radius and

‘the total power flux density is P.

Receiving
point the recelvlng p01nt 1ocated at a

_Then, power flux dens1ty Pu at

Transmitting

: _ distance of d from the transmlt—
point

ting point 1s glven by

: P
4ud?®

Pu =

‘Also, since the effective aperture area of the dsotropic antenna
on the receiving 51de, Ae, is A% f4i, rece1v1ng power W is given -
by
: . o 2
W = Purhe = £ 3 °—l-
C 0 4md*s . AT

Hence, free space loss Lo is obtained hy Lo = P/W = (47d/\)? and

can be given in decibels as follows. -

Lo(dB) = 122 + 20 logd(km) - 20 logh(cm)

32,4 + 20 logd(km) + 20 logf (MHz)
(2) Propagation loss on-flat othsphericei groond'

The antenna helght as whlch the reeeiv1ng power reaches the
free space value in the above—mentloned helght pattern figure
varies in proportlon w1th the wavelength 80 that when a radlo

wave of below 1000 MHz is employed, con31derat10n should be
glven ‘to the loss due to the Jnfluence of the ground (1nc1ud1ng
the sea surface). This applies when the loss thus obtalned is
larger than.the free space loss, When-the-loss thus obtained is
smaller than the free space loss, ‘the propagation loss beeomes

“equal to the free space 1oss.'



(3) Feeder loss (Lf)

(Unit:dB/m) The losses of major waveguides

(standard design values including
Type 76z 126Hz joints and bents) are given in the
Square 0.1 0.2 table on the left. Wheun there are
Aluminum 0.07 0.17 trans@lttlng[recelv1ng 01rcu1t,

main/stand-by switching circuit,
Copper 0.06 0.15 ‘etc., between the transmission
Circle _ Eg;gz. éké;% power measuring point of the

antenna and the feeder, losses due

to these circuits should be added.

Absolute gains of transmitting and receiving antennas (Gat and Gar)

The . absolute gain of a parabolic antenna using a frequency above

1000 MHz is given by

C4W wd |2
GA = n03 A=n(57)
GA(dB) = 20 logD{m) - 20 10gA(cm) + 50 + logn
where _ '
n : Aperture coefficient of the parabola {(equal 0.6 in the of
Shallow.type.and 0.5 in the case of deep type)

h? .
4 (b: Diameter of the parabola)

Passive repeating (reflector element)

Passive repeating is achievable by the following methods.,

1} By using antennas back to back.

2) By using a refraction rédiouwave lens.

3) By varying the directién with a reflector.

4) By using diffraction net (this is advanﬁagéous when the change

of direction is small).

Methods 1) and 2) provide worse repeating efficiencies and require

larger construction expenses, so that the reflector method which

employs such a flat reflector that can easily adjust the diffraction

and which provides a high efficiency is employed most fréqﬁentry,

-8 -



(1) Gain of reflector element _
The gain of a reflector is given by the ratio of the apertufe'
area of the isotropié antenna in use to the eduivaleﬁt area of
the reflector as is the case in obtaining the gain of a parabolic

antenna, as follows.

_ Ao o Ao
GR = (H'XQ7QEF) -(ﬂ“i{* )

GR(dB) = 20 logAo(m®) ~ 40 logA(cm) + 102 + 20 logn

I}

20 logho(m?®) + 40 logf(Glz) + 43 + 20 logn
‘where Ao : Area of the reflector element
N : Efficiency of the reflector element

A?/4T: Isotropic antenna aperture area

The efficiency is reduced by 1oss‘due to rough surface caused by
unevenness or irrvegularity, corrosion, rust, field disturbance
due to antenna margin, etc. In general, the efficiency is about

80% and

20 logn = 20 logn 0.8 = -2dB.

(2) Angle loss of refléctof _ _ _
The angle loss”of a reflectdr is én additional loss caused
by the reduction in the reflector projection area in the ditec-
tion of prbﬁagation when the reflector has a certain angle to

the direction of propagation and is giﬁen by

19 = 2Q ldg cosel,'cosez

where 03: Incidence angle in the
horizontal direction

62: Incidence angle in the
- wvertical direction

(3) When two reflectors element are used:

When 0>60°, the efficiency to be obtained with one reflector



is rather low and repeating should be made by using two reflec-

tors as shown below.

AO

{le(el)

" There are two types of arrangement depending on the spacing between

the two reflectors: for arrangement and close arrangement.

a) Far arrangement _
When the two reflectors are located considerably apart.

from each other, the loss betﬁeen them is given by

where Lyy Vv Lg3 ¢ Free space losses

GR(9) : Reflector gain with‘incidence angle 0

b) Close arrangement
The close arrangement where two reflectors are located

close to each other is availabie in the following two types.

The loss between A and B hésxgivén bj :

- 10 -



Additional loss A (dB)

Loss « -+ Gain

T = Lgy + Log — GR() + TA
where PA :  Additional loss due to thé two reflgctors
It seéms ‘as if one of the £wo reflectdrs opefates the provide
the gain and the other reflector is used simply for direc—

tlonal change.
Additional_loss'for case_of_dduble_reflector_element

This carve is free space

5 - : - \loss + refrector gain
- ) \ H -
4 A ) .
N . Far™ “Close
3 X\ o type | . type-
i \ + >
2{ \,
A Y
N
! “\
. “
0 AY
\ ™
i \ ] ) -
B *\\\ L N :
2 S N
N | o
3 \\f/ﬁ Y ™ :
‘ heL ‘\\. 
4 e
~
"~
5 —
0 01 02 03 04 050607 08 09 10 1.5
| 5o
_ ' Acog? _
LA Wave length {m) A Réfreétoraétea;(m%)

d s Refrector separation (m) B ::Refrector in shoot angle

The left figure'shows'the additional loss of two reflectors
and whether far or close arrangement dependlng on. the

distance between the reflectors._

‘ When G 1, calculatlon should be made ‘for far type.

When O >-;, ‘calculation should be made_for close type}

-~ 11 =



5. Diffraction Net

Tor routes being out of sight the above-mentioned reflectors
are employed in general, However when the route approaches a large
circle course and there is a hill or a like from which the transmitt-
ing and receiving points can be seen within the line of sight, 1t is
often advantageous to employ diffraction.
When diffraction is made by a circular hill, the receiving power is
usually somehow reduced from the value obtained by the knife edge
diffraction theory due to reflection on irregular or spheric surface.
Accordingly, when a knife edge is formed by diffraction and a shield-
ing net is arrangéed depending on the course difference as shown in the
following figure, the influence of the superpesition of the positive
and negative phases caused by the course difference at receiving point
B can be controlled by shielding one polarity by diffraction and, by
aligning the phases, the diffraction loss can be reduced.
(Dielectric material may be used instead of the shielding plate for
aiigning the positive and negative phases.)
In general, the loss improvement by using diffraction, Ls, is given

by the following equations,

When shielding plate is used: Ls = 20 légN + 6 (dB)
‘ Ls'= 20 logN + 12 (dB)

When dielectric is used:

Where N: Number of diffraction stages

6. "Beam Feeding

Beam feeding is employed to applying a sharp beam to the reflector
used as shown in the figure below instead of a [eeder line which may

otherwisé become very long and cause a ¢onsiderably large loss when

- 12 -



proper clearance is not achievable but by erécting extremely high

steel towers at the tramsmitting and receiving points for sending the

radio wave in the intended direction.

The range of beam feeding, dy, can be obtained by the following

equation.

Where

. 4
— Ao cosB
Ae? o . A d
d1 i . 5 (when ¢ s <1)
A & Wavelength |
a, : Diameter of'the]circlé having an. area equél to the
effective area of the beam reflector (m) [
: ' : vYAo cosB
Te T2 Ty

d : Distance between the antenna and beam reflector (m)

Ao : Area of the reflegtof

- 13 -



Loss ~={dB)}= Gain

Beam feed less

AN

N
§
T~

N
- N \\ <]
K=10
\s\\\_h-h"*“saﬁ\\\\\ > ;;;;;:::::
\_\/*\'\ K=1.2 g \\\\
1 T~
R N R Tt
K= 1.6 T —
: —Hﬁf‘~mﬁﬁ\-
0 01 02 03 04 05 06 07 08 09 L0
o =2

ae'
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Line Reliability

This=paragraph describes the method of line reliability calcula-

tion.

It is de51rabie for ach1ev1ng rellablllty that antenna power

P. (dBm} should fall within the follow1ng range.

29.7 Milz v 300 MHz

A+ M (dB) >'Pt > A

300 MHz v 10 GHz Py > A
Above 10 GHz “Py o> Al
A(dBm) = (Lp + Lg + Ly) - Gap - Gip + Py (below 10 GHz)

A' (dBm)

1

(Lp + Lf + L'p)- Gor - Gar + Peh (above 10 GHz)

These eqtations"are.empIOyed for standard cases and A or A' includes .

losses and gains other than given here (fllter loss, reflector galn,

etc.}.
~Lp :
Le
M

LF :

Propagation loss

" Feeder loss

Usually about 10 dB. 10ﬂ120
because of the 1nput level
Pading loss (Standard values

table )

dB or so when necessary

are given in the following

Reliability

Frequenty ‘ . 5 x 10~3 1 x 10
range *fﬁ\\“““HE\\ (99.5%) 1(99.,9%)

29,7 Mz v 300 MHz 0.1 dB/km . i -

300 MHz " 1000 MHz 0.2 diykm  |Add3dB to the value

| corresponding to 5x10”

1000 MHz " 10 GHz

0.2~ 0,3dB/kn

' Ad& 6dB‘tdﬁthe vaiue

corresponding to 5x10;3

It is to be noted that these valués are standerd'one and. ample

_examlnation should be made by referrlng to the fading esleatlon

method, ete., mentloned later 80 as to neet the required line

reliability.

- 15 -



Lgp't Loss due to rain, mist, etc. Attenuation (dB) by rainfall

corresponding to a rainfall strength of 0.01%, 10 minutes.

LF' = LFO' x kP x.d
Lpo' @ Attenuation (dB) per km near the propagétion route (18°C)
at rainfall strength of 0.01%, 10 minutes.
kp : Distance coefficience
d : Distance of the voute (km)

Pth ¢ Threshold input level

Infrequency modulation and phase modulation, the signal-noise-ratio
(8/N) is improved abruptly when the receiving input level becomes

above a certain value. This threshold level is give by
Pep (W) = K-T'B-R-Cp |
K : Boltzmann's constant (1.37 x 10_23J/°K)
T : Absolute temperature 273°+°C (In normal temperature:; 293°C)
B : Bandwidth of receiver (Hz)
F : Noise figure of receiver
Cg : S/N at threshold level (QdB.in the cases of FM and PM)

When the external noise power (ane) is large, Pth is obtained as

follows.

PenW) = (Pypy + Prpe)
where Pyni ¢ Internal noise power

Prne ¢ External noise power

Signal—tOrNoise Ratio (S/N) of Line
Thé.signéithFHOise ratio (S/N) for thérmal noise and external

noise per section and standard condition of a transmission line is

given by

S/N = Pt - (Lp + Lf) + GAf + GAr.; Pppn + 1

- 16 -



The 8/N for plural sections 1s given by .

1
l(Sl/Nl) 4. (SZ/NZ) o AP 1{(8n/Nn)

S/N =

Py _Antenna'power (dBm)

L, : Propagation less (dB)

.Lf . Feedef loss (dB)

Gar @ Absolute gain of transmittiﬁg antehna (dB)
Gar & Absolute.gain of feceiving'antenna (dB)

Py _Receiving noise power (dBm)

I : S/N improvement factor (dB)

(1) Calculation of receiving noise power Pyy

a)

When a frequency'below 470 MHz is emplbyed receiviﬁg noise
power P, is given by the sum of réceiver internal noise power

Prnl (noise power at the receiver 1nput termlnal + estlmated

receiver thermal noise power) and external noise power Prpg,s

which are respectively given by

Prpj(dBm) = 10 logB + F = 144
Prne(dBm) = 10 logB/b + E - 20 logg = 77.3 + g - Lg
whefe : .

B : Receiver EQﬁivalent:ﬁoiSé'bandwidth for noise
spectrum (kHz) . |
F : Receiver'neiée-figure (dB)
E : Meen square ealue 6f noise power (dBp)
:rInstrument equlpment bandw1dth for n01se spectrum
in measurlng E (kHz)
£ Frequency (MHz)

gt Antenna gain agalnst n01se (dB)

‘In the Case bf'omnidirectional radiatibn‘for H polarity: g = g

In the ‘cases of directlonal radlation in H polarlty and

omnldlrectlonal radlatlon 1n V polarlty _ g=0 '

‘In the.ease of direational radiation in:both B and V polarity:

g = Gg/2

- 17 =



9.

b)
(2) s/N
a)
b}
Fading

Gg : Absolute gain for signal

Lg : Feeder loss (dB)

When a frequency exceeding 470 MHz is employed, Pype can be

neglected for Prni; so that we have P, = Pppj.

improvement coefficient I

S8-FM:
2,
T =10 log (4922B
fy©+fg
SS-PM:
2 -
I=10 log (LEE
. fq
fqo ¢ Effective frequency deviation (kHz) at test tone
level _
B.: Receiving bandwidth (kHz) _
fv : Baseband frequency of transmission line
fs : Frequency band (kHz} of transmission line (=3.1KHz)

mc : Effective phase deviation (radians) at test tone

level

(1) Types and.countermeasures for fading

Fading is depends on all atmospheric conditions (temperature,

atmospheric pressure, vapor pressure, etc.) and can be classified

into the following types.-

1)

2)

Fadiﬁg due to variation of M distribution.(Note 1)
i) Féding due to variatioﬁ of K (Note 2)
ii) Fading due to formation of air duct
iii) Fading due to formation of air reflector
Scintillation fading

Electric field variation caused by_raéid'wéVé scattering due
to local atmospheric disturbance and its‘deﬁth is 2 v 3dB or

less.  This fading is of no practical problem. .

- 18 -



Height fromlthe sea,h

Note 1: The defraction factor of the atmosphere, n, given by
= Ves

where €y 1s the dielectric constant of the atmosphere

(eg = L. 0004 "' 1.0009).

Usually, the higher in altltude, ‘the smaller €4 and the smaller
the refraction factor. ' _

For radlo wave propagatlon, modlfled refraction factor. M) is
used 1nstead of N in c0n51derat10n of the coverture of the

ground surface.

(n—l-i--%)_xlOs

_Where:ll is the height of the propagation course above the sea

level and R the radius of the earth.

The relationship between M and.-h is desrgnated M curve and its

examples are shown below.

Close ~to-the-earth

Standard type. type - e - S?shapeﬁ-type

Note 2: M lncreases with 1ncreased helght As height h

becomes larger the: propagatlon course tends to become nonllnear
and curve ‘to the dlrectlon of larger M, S0 that the. actual
line- of s1ght drstance on the earth becomes larger than the
geometr1ea] llne—of ~-sight dlstance. _ _

In. consrderatlon of this, the radlus of  the coverture under

standard atmospherlc condition becomes about_4/3 times ag .

llarge as’ the radius of the earth R.

Accordrngly, by conolderrng a hypothetlcal earth 15 a radlus

KR, we can calculate KR as follows assumlng that radlo waves -

- 19 -



go on straight over the hypothetical earth. -

R
K —
R R dn
14—
I, dh

Where n, is the refraction factor of the atmosphere on the

4

ground furface. - In standard atmosphere, KR =-§R

a) Fading due to variation of K

i) 1In the case of mountain diffraction the depth of diffraction
varies with K, varying the diffraction loss.
In systems where sufficient clearance is not secured, the
linewofwsight'condition may degrade due to variation of K
and a large transmission loss_mayfbe caused. Accovdingly,
it is desirable that sufficient clearance should be kept

even if K vary to about 0.8 or so.

b) When the line involve reflection from the ground surface (or
water surface), the reflection point varies with K and the
strength of the resultant wave varies with the course difference
{phase difference) between the direct and reflected anes.

The reflection point is smooth in thié case, the influence of
the reflected wave becomes large and the resultant wave causes
intensive fading. For the countermeasure against this, it is
necessary to select of large irreguralities in the area ex-
pected to be the feflection point or select such a’ topographical
condition thaﬁ blocks the reflected wave as shown in the follow-

ing drawing.

- Direct wave
Reflected wave -

'Sealing ridge’
2) When_spéce diﬁersity‘ié_émplqyedlér in the direction of the

deflected wave, sudh-én antenna tﬁat ﬁrovides small gain should
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be selected or the antenna should be devised so that the antenna

should be raising as shown in the following figure.

Directiohality

o : ‘of antenna
Main radiational - ;

direction

Main wave

O:.Ls Toss up anglé“

Refiected wave

b} Fading by formation of airfdﬁgt- : o
Fading due to air duct prgséhts complex pheﬁomenafdepéndiné
on the reléﬁive'reiationship_between the io;ationsfof'the transé
mitting and receiving:pdints:and.the 1ocation_0f'the dﬁct and
appears in three forms as showﬁ.below:j (A) where T (transmittiﬁg
point) and R'(receivihg'pqint) are logated_iﬁ_thg duct, -(B) where
one of the T br_R-(whichevef is located in the:duct and the_other

out of the duct, and (C) where both T:an& R'are_buf of the duct,

(A)

(B)
T R RPN _
@ @ :
P T ITI I VI SR TITTII T T ITIITTTTT
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c)

a

In the case of (A), the receiving power is stronger than the free
space receiving power and transmits considerably distant {super-
refraction propagation).

In the case of (B), the receiving power is generally weak and its
average value lowers’ gradually over a long time,

In the case of (C), not only the direct wave but also.the ground
reflectién wave and duct reflection wave are. combined to cause a

large depth of fading.

" Countermeasures against fading caused by the formation of air duct

in the above-mentioned manners are:

i) The propagation course should not go over the sea, beach, and
paddy field as wuch as possible. _

ii) The propagation coufse‘shduld.go at an ample height above the
ground. ' . . .

iii) The propagation course should mot be too lang.

iv) When fading can not be solvéd by the above—mentioned measures,
space diversity, etc., should be employed upon propagation
design. When the height of the propagatidn cotrse aﬁove the
ground is less than 100 m even if the propagation distance is
about 50 km, fading due to air duct may often be caused, so
that due care should be taken upon selecting the propagation

~ course.
Fadiﬁg caused by formation of air reflectof

When air reflector is formed because of air duét produced in
the sky over 100 m, fading may be caused by the influence of the

reflected wave from the air reflector.

Fading due to other causes
In a transm1551on line using a reflectors, fadlng may be caused

due to 1nc1dence angle variation of the ‘radio wave or angular devia-

" tion caused by strong wind if the dlrectlonality of the reflector

is made too sharp.

The 1ncxdence angle varlatlon of radlo waves 1is reported to be
almost negllglble in the horlzontal direction. and is +10 v 20 seconds

in the vertical direction due to the atmospheric refraction factor.

- 22 -



(2) Pressure of:microwave'feding

a) Gist of fadlng estlmatlon
Fading 1s extremely compllcated and various meLhods of esti-
mation have been reported.
For representlng the magnltude of fadlng, it is ultlmately neces-
sary to grasp such varlables varylng relatlve to: the center value
~ of the fading dlstrlbution as
1) fading range (Frf)
2) fading depth (Fg)
3) Standard dev1at10n (0) _
&) .follow1ng items for large fadlng
. i)' plObablllty of occurrence
ii)  duration
iii)' depth .
and for various other fadingﬁphenoﬁena, fading eetimation is made
synthlcally in consideration of ‘the following general character—

' 1st1cs (excluding scattered waves).

13 In flne, calm weather, fddlng is stronger than in bad weather.
' HOWever, when a front or fronts pass ‘even in bad weather strong

. fading may be caueed
2) Fading variation is larger in the nighttiﬁe-thangin*the(daYtime,
“and in particular fading tends to occur early in the morning or'

late at night on fine, calm days.

3)  Less fadlng is caused in winder seasons and mote- fadlng is generally

caused durlng WOIM seasons.,

4) The center value of fadlng depends less onthe tlme of the day and
' seasonand the variation of the ceniter value in'a day is within

several dB.

5) Interferﬂnce propagatlon courses w1th 1arge equ1valent reflectlon
coeff1c1ents are upstable. '

6) The hlgher‘the'freQUency; the.larger the - fading ratibi(frequency'
at which the receiving. level crossee the center value: of the fadlng

. per minute in a’ given perlod of tlme)
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N The'éhape of daily distribution differs from case to case and the
distribution for a period of more than 5 v 7 days 1s approximately

dB normal distribution or gamma distributlon.

8) Fading of a free space propagation course over the land forms a

dB normal distribution..

9} Tading of interference propagation courses and free space propa-
gation courses at large heights above the ground and fading of
short periods present their power center values approximately in

from of gamma distribution.

10) Interference propagation courses, the distribution of the center
value becémes approximately dB normal &istribution in winder
seasons. In free space pfopaéatidn courses over the land, the
distribution of the center value hecome approximately gamﬁa dis-

tribution in summer seasons.

11) 1In the distribﬁtioﬁ shapes of 7) v 10) above, approximation is
achieved in a 1% ~v 997 range. of the long-time distribution ol
receiving power. -In deep fading regions which may become the
problem in system design, approximation may often be made by

Rayleigh distribution.

. Expression of fading

For expressing fading in accordance with the above-mentioned
gist of estimation, the following fading cumulative distribution
curve is generally employed and related terms and distribution forms

are as follows.

Attenuation ratio: . _
Percent of the time during which the level lowers below the
- abscissa for the total time
Reliability ratio (reliability):
Percentage of the time during which levels become above the
abscissa of the total time for the total time
Relation with standard devistion (o):
Standard deviation (0) ‘becomes smaller, the curve changes to

dotted one:in the following figuré.
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Fa is the'fading-Width“from the
center value to the reliability

Time

of 99% and Fyp is the fading

range corfesponding to 1% 99%

T T reliability.
-110 --100 -920 -80 :
Center
Receiving power (dBm)
Relation between Fy and Fpg:
In general, the following relation holds in the case of gamma-
distribution (including Rayleigh distribution). .
Fq = (0.65 + 0.05) * Fpg
Relation between Fpf and 0:
In general, the following relations hold.
F.f = 4.66 x ¢ (dB normaldistribution)
Frg= 4.8 x 0 (Gamma distribution)
dB normal distribution:
In this distribution, dB value forms the normal distribution
(symmetrical to the right and left with reference to the center

value) and the cumulative distribution becomes linear on the
normal distribution probability chart.)

Gamma distribution:
in this distribution, a shape liké-thé_foot of a mountain is
‘formed as receiving power lowers and simmetry is not achieved.
Accordingly,_the.cumulative distribution on the normal distribu—
tion probability chart does mot become linear but is curved

toward lower receiving power.
Rayleigh distribution:

This distribution falls when parameter y = 1 (6 = 5.8dB) 1in
gamma distribution and represents the worst theoretical distri-

bution in' imbombining multiple frequencies. In this distribution, -
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the % value reduces by l/lG for every lowering of 10dB relative
to the power probability at low levels., (For example, the
cumulative propability at which receiving power lowers 20dB
relative to the cenfer value is 1% and that at which receiving
power lowers 30dB is C.l%.) In this case, iﬁternal fading width
F. = 13.4dB and o = 5,8dB when the distribution is considered as

gamma distribution,
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The figure of gamma type feading depth accumulate distribution
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The curve of feading accumulate
distribution

0.3

Frequency (GHz)
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Crearance characteristic
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Slope characteristic
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c) Rayleigh fading estimation equation
i} Rayleigh fading genération pfobaBility P
P;Kéyd.wams R TP ¢ )

where K : Coefficient (5.1 x 107°)

f : Frequency (GHz)
Q : Coefficient due to'pfopagation“éourse'
(Cla381f1ed in the following table and takes the

follow1ng values)

Mountain: 0}4_.

Plain :: 1.0

- =S bk
: T F _-_ 1_,_ 2

Sea: , 3_.7 X GTOET where h = (m)

hi and h2 are heights above the 'sea in the case of the sea and

those above the ground in the case of beach

d : Distance

Mountain When major parts are in mountainous area.

When major parts are in plain (including bays or
Plain o ‘the like including beach or ﬁhe'sea and yet

including mountainous).

Sea . . | Above the sea or beach

- 31 -



0.1 ///// 0.1 /
A el
] I 1 P i
E ///// 5 L., b
B B i
" 0.02 =4 002 i\
ol B P -
N //// : el
g 00rE & 100 m o -0t o it 00m
P4 [ ! /gaomn = N - 17 z%%m
g b fffe o /AR
§ 0009 1] O B //
o f & . |
S -
0.002}— /7/-_ ' 0.002 /// )
0.001 ///)/ AN i 0.001 / Leitl )
T 20 304050 100 200 10 20 30 4050 100 200
Distance {(km) Distance (km)
P for Sea Propagate (12 GHz) P for Plain Propagate
0.1 - 7’/ . o1 [~ // /
0.05}- /4 ’/ll - 005 // .
& N ~ 003
. 0.03 >
2 o002 /// H o0z /// /
A N //7 3 i 2/ /
:é 001 100 m E 0_0!: :\;?/ ?GHz
. so0n i - : / — 2GHz
. | 8oom @ 0005 i
u] 4]
z 0.003 ,/ 11/
ooce| || // Y/
Lt L 0.001 //> // Ll I
0 20 30 4050 00 200 10 20 3040 50 00 200

P for Sea Propagate (2,000MHz)

P for Sea Propagate (7 GHz)

Distance (km)

- 32 -

Distance (km)



Static Probability (P)

P for mountain Propagate
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Standard Variation (4B)

ii) Standard deviation ¢ of long-time receiving power distribu-

tion in worst season
O(B) = K+ (D2 qrd®? L ()

where K : Coefficient (0.068)

Q : Propagation course coefficient
| 1
. (_}_{)0.13
{(mountain: 0.8; 1%0; sear —g )
The value gives the standard deviation of the overall receiv-
ing powexr sistribution corresponding to the probability of

occurrence and the period of Rayleigh fading.

o for Sea Propagate (2,000MHz) 0 for Sea Propagate (7 GHz)
- 0
- Y B S
7 Y
///// E 4 7 7//,/
7% - Y74
y 4 3 s S
> BRI
2 / “a00m I ?zlom
A / 800m '§ %)Omm
7 Z ~— 3 // 80pm
://, T e
05'“ : I |

o 10 20 30 40 50 100

10 20 30 40 50 00

Distance (km)
Distance (km) '
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o Standard Variation (dB)

0 for Sea Propagate (12 GHz).

y

10—
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Conjecture example for power accumulate

distribution
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[I1]-5 TInterference and Disturbance
1., cCalculation of D/U

The DJ/U of - a gystem is ealculated'as”follows and the result of
calculation should bhe examined to determlne wheLher or not it meets the

required D/U of paragraph 2 above,.
D/U =D ~ U (dB)
Where D Deslred 51gnal level (dBm) at recelver 1nput

' U : Interference level (dBm) at receiver 1nput

Interference level U =_Pt‘ 'f(Lf'*'Lp')*;GAtB +'GArG - Dp-'
Where Pt*: Interference radiation.nower (dBm)'

Lf : Feeder loss (dBm) of interfering 31de (transmlttlng side)

and rece1v1ng side

Lp': Propagation loss (dB).between interfering wave transmit-

ting p01nt and receiving point

GAtB : Galn (dB) of 1nterfer1ng wave transmlttlng antenna in

‘receiving direction
Garg * Gain (dB) of receiving antenna in the direction of
interfering wave transmitting point
-Dp ¢ Improvement (dB)”cross_polarization

At ffequencies above 1,000 MHz the D/U is nearly as follows:

6 < 10° 10° <0£30° | 30°<8<90° | 90° < @

approx. 15dB approx.- 10dB | approx. 5dB | 0dB" -

When necessary, dlfferentla] fadlng ‘0f "approx. SdB should be
added to the D/U. - ' '

2. . Calculation'of'ReQUifed.D/U'

(1) At same:frequenejf
‘Required ‘D/U.= Standard S/N = I+ 3

where I is 'S/N improvement-cbefficient.
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(2) At different frequencies
Required D/U = Standard S/N - I + 3 -~ Lg

The sum of attenuation due to RF and IF selectivity plus
approx. 10dB (dB)

Lg:

Causes of Interference and Countermeasures

In systems and others, interference may be classified into inter-
ference for which the carrier frequencies are on the same channel and
adjacent channel interference for which the carrier frequencies are on

different channels, and the former becomes the problem.-

The following figure shows the state of disturbance by interfering

waves in a system.

'(LFZ} (S r -:L(—h

(ﬁf\l«a}

(b)

\L
h
£fn
SNy
I
H\/ N

(1) Interference in parallel;circuit
1) 1In the case of the same frequency
i) Overreach (a).
ii) Coupling of front and back of transmitting antenna (b)
iii) Coupling of front and back of receiving antenna (c)

iv) Coupling of IF frequency in repeater station

2) 1In the case of different frequencies
i) Side-side coupling of antenna (e)

ii} Back to back coupling.of'antennéz(f)
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(2)

Interference from branch circuilt
1) In the same of frequency
i) TFront to side coupling of receiving antenna
(When ¥ =F) (g) | |
ii) Front to side coupling of transmitting antenma
(When F = ) (k)

2) 1In the case of difference frequencies

i) Side to side -coupling of antenna _
ii) Front to 31de coupllng of receiving antenna |
(When F = F) (g, i)
iii) ¥ront to side coupling of transmitting antenna

(When F = F) {(k, h)

Measures for.Reduction'of_Interference

the

(1D
(2)
(3)

(4)

For reducing interference, due consideration should be given to

following upon system design..

Equalization in recelving pqwef among respective sections
Site location and antenma orientation
Addltlon of shield plate

Cr0381ng of poralization planes _

Adoption of 4~ frequency system

Interfererce on Single Channel System

¢H)

Sensitivity suppfession inferference.

. This type of interference is caused when the desired signal
is sﬁppressed by an.interferiﬁg_ﬁave_of a frequency apartffrom
the receiving band upon receiving_the_desired fréquency by a

recenrer .

Thls 1nterference is exa. ned by a 1nterfering level by whlch

when the deslred 51gnal level is 1ncleased 6dB from the 20dB

_noise suppress1on sen51t1vity level” the state of 20dB n01se

. suppression is re~assumed by the 1nterfer1ng Wave

(* The 2048 noise suppression S?D&lthlty level is. the de51red

~ecarrier signal input (quieting signal) necessary for lowering
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(2)

the level 20dB below the noise level when there is no desired
signal input, and the standard value of the 20dB noise sup-

pression level is 2uv (6dBu). _

A standard noilse suppression sensitivity charactéristic is shown
in the right-hand figure where portion a in the noise curve cor-
responds to a range in which the limiter is not functioning
sufficiently and its varies greatly with the input level.
Portion b corresponds to the operating range of the limiter.
Portion c corresponds to residual noise range scarcely subject

to the input level.

Example for Noise Suppression Characteristic

20—
Signal { 70% Medu}
~~ /.——7
) O
E .
— .
g E _ t50MHz Band
(]
H .
L 20 ~ < Standard
5
[al)
FE)
=t B
&
- 40 |
\\
L | f ] i H 1 h| ) ]
0 0 20 30 40

Desier Input level (dBu)

Interference due to intermodulation
Interference due to intermodulation is caused when, in receiv-

ing are desired signal, more than 2 strong interfering waves

. arrive and a frequency equal to the desired signal frequency or IF

frequency is generated in the receiver beéause of the nonlinearity
of the receiver to disturh the reééption of the desired signal
(intermodulation between recelvers) and when the interfering wave

enters into the receiver through its final stage or from the
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anﬁenna side to generate undesired signal wave of a new frequency
with'the'desired signél (transmitter intermodulation),

Ingéwnﬂ,imEHMMHmim1mimmmdbythecmmhmﬁonof
two interfering waves and .is due to the nonlinearity of the third
odd order and is generally examined by the interfering input
level usually in the 20dB noise suppression coﬁdition.
When _ - ' _

£1 (interfering wave A) = fy + Af

il

£y (interfering wave B) = fg.+ 2AF

Where fy is the &esired'frequéncy, £y and £, cause nonlinearity

distortion-by the following relation.
Zfl - f2 = (2f0 + ZAf) - (fo + 2Af)

When this interference is caused, due consideratlon should be
glven to suppress the 1nterference level as much as p0531ble by a

filter, etc., at the receiver input.

(3) Interference due to cross modulation _

When the desired signsl and 1nterfer1ng wave are both ex-
tremely large, the nonllnearlby dlstortlon of the recelver is
received and the desired 51gnal;1s modulated_w1th the interfering
signal, disturbing the:régeptibﬁ; This:interference.is irrespective
of the frequencies of the deéifed and intérfering signals. 1In
general, care should be exercised ﬁhen the desired input signal
level is more than 60dBu and the intérfering signal input level

is more than 120 dBu.

(4) Interference from the same frequency

When the desired signal and interfering signal are at the
same frequemcy, a level difference exceeding 10dB is usually
required to prevent interferences.
| When the levels of the desired and interfeﬁing signals
approach éach other,'not.only'the mixture of communication but
also beat due to frequeﬁcy difference between the two signals are
caused. When the interfering signal becomes dominant the desired

gignal is suppreéssed by the so-called masking effect.

a) The figure on the right shows the influence of an interfering

- 41 -



Interfering signal output
(dB)

level

signal of a standard modulation (70%) at F3 to the desired

signal input at the same frequency,

The figure on the right shows the infliuence of an interfering
signal at the same frequency (unmodulated) to the desired

signal input and output.

10 dB (Desired signal input level)

10 dBu :

0 Vi ////
//2068

nNI
(]

| =

|
8
~.

P

-40 S
]

0 10 20 30 40
Interfering signal input level {(dBu)
(Standard modulatiocn) -

An example of interference characteristic
due to idencical frequency
0 /'\\\ 4’\\
20 N \
- 40% \*\
0 20 40 60 - 100

An example of masking effect
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(5)

Disturbance due to spurious response

When the receiver incorporates a local oscillator such as
super-hetetrodyne receiver, a number -of undesired frequéncies
appear in the output because of the correlation with the IF
freﬁuency ahd'others. The receiver sensitivity agéinst these un-
desired frequencies is called spurious sensitivity and undesired
frequency suppression :capability determined by.this sensitivity
is called 5pur10us response. '

In radio communication regulatlon, 80438 (60 MHz band 150 MHz
band) and 70dB (400 MHz band) are generally set out performance

requirement for the spurious response, and ‘the value given by
U(dBp) = Pr + Pg = lOdB

wﬁere Pr is the minimum.standard desired signal input (dBﬂ) and
Re the spufious fesponse'shOuld be examined as the allowable value
of the spurious interferihg input. 7

For spuricus response, con51derat10n should be given to the

f0110w1ng plans,
i) Selectivity for image frequencies
ii)'_Response-fdr'higher harmonics

iii) Interference by the same frequency as IF

iv) Multlpllcatlon of the above items
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The curve of near frequency interference characteristic
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The curve of inter moduration characteristic
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[I1]1-6 Hypothetical Reference Circuit and International Standards
1. Standard Hypothetical Reference Circuit

The standard hypothetical circuit is provided hypbthetically to
determine what communication system to use with what configuration or
what communication system is used most frequently upon designing com-
munication systems.

CCIR Recommendation 392 sets out the following hypothetical re-
ference circuit for such long-distance microwave systems handling more

than 60 channels as international systems.

. 2,500 km -

L&%ﬂﬂﬂﬂ*»ﬂ&owﬂ%ﬂﬂ*ﬂﬂgﬂ% oﬂﬂ«;ﬂn«;uwwnl

Channel Super- Group
group

—O-~ Channel modulator ——{w- Supergroup modulator

—~{}—" Group modulator ———< Medulator for ratio wave
with base bond input or cutput

As seen in the figure, this hypothetical reference circuit incorporates:

3 chamnel modulators,
6 group modulators, and

9 supergroup modulatcrs

in a length of 2,500 km. _

In the case of an OH system, the propagétion course depeﬁds on the
topographical condition and division into sections of given lengths is
not employed as in a line—of;sight system and Recommendation 396 sets
out: "When the propagation distance is L(km), as many sections as
2,500/L (integer) are connected in series, forming a 2,500 km system
incorporating 3 channel modulators, 6 group modulators, and 9 super-

group modulators,”

2. Allowable Noise Power
The following three recommendations are given for the system

noise of frequency division multiplex telephone systems.
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For the design of microwave systems, the noise standard for the
hypothetical reference circuit (Recommendation 393j is employed. “That
is, Recommendation 393 specifies the following values for the 2,;500km

-hypothetical reference circuit described in paragraph 1 -above.

(1) One hour mean néise:power for more than 5% of any month should

not exceed a psophometrically weighted noise power of 7,500 PW.
(2) One minute mean power for more than 20% of any month should not
exceed a psophometrically weighted noise power of 7,500pW.
(3)  One minute mean. power for more than 0.1% of any month should not

exceed a psophometriéally\weighted_noise power of 47,500pW,

(4) 5ms mean noise power for more than 0.01% of any month should not

exceed unweighted noise power of 1,000,000pW.

This recommendation pfeSents objectives for system design as
stated before and actual circuits do not necessarily meet the hypothe-
tical reference circuit but usually have different configuration, so

that Recommendation 935 sets out noise standard for such actual circuits.

Recommendations on Allowable Noise

Recommen- Title : - Contents of Recommendation
dation ,
393 Allowable noise in
hypothetical reference See the test.
circuit of frequency
division multiplex
teléphone systems
395 Allowable noise in . A, For.actual circuits being neariy
actual circuits of _ ideﬁtical‘as the hypothetical reference
fréQueucy_diviSion ' ciréuit and having length L of 280 n
multiplex'telEPhone 2,500 km.
system '

1. One hour mean noise power (weighted):
less than 3LpW
2. One minute mean noise power

(welghted for 20% of any ﬁonth):
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(Continued)

Recommen—
dation

'Title

‘Contents of Récommendation

395

less than 3LpW

3. One minute mean noise power (weighted
y X - o
for 5500 X 0.1% of any.month).
legs than 47,500pW

B. Actual cifcﬁits.with configuration
.different from hypothetical reference
circuit

1. .0ne hour mean noise power (weighted):

less than (SL + X)pw

2. One mlnute mean noise power (weighted
for 20% of any month) ,
~less than (3L + X)pw
3. One minute mean noise power-(ﬁeighted
for Y/2500 x 0.1% of any month):
less than 47,500pW )
where
200pW ( 50kn < L < 840km)

X =  400pW (840km ? - 2500km)
 600pW (1670km < L < 2500km)

HAH

280km (1, <280 km)

L km (L > 280 km)

397 -

Allowable noise power

in hypothetlcal re=

| ference c1rcu1t in

transmlttlng frequency
division multlplex

telephone signal by

| OH system

"a) One minute mean noise power weighted

-for 20% of any month:
less than 25 OOOpW

:b) One mlnuLe mean n01se power welghted

for O. 5% of any montb' -
less than 63 OOOPW

c) Sms mean noise power unwelghted for

0.05% of any month (with large fading):
' less than 1,000,000pW
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Other Standards

_Recsmﬁendafiohs are also presented for preemphasis characteristic, -
pilot frequency, intermediate frequency, fréquehty deﬁiatibn'pér chéﬁﬁéi,
baseband width (including pllot) for respective numbers of channels, and
1nterface conditiong at connectlng points such as level and 1mpedance,
as given in Table 1.

For the 1nterface between radlo and wired systems, Recommendation
381 spec1f1es that 308 3 kHz should be used for the line regulatlng
pllot that the outband 31gnal 1nclud1ng thls pilot should be less than
—-50dBm0 at the 1nterface p01nt thaL the total level of outband 51gnals
at the radio equlpment output should be less than ~l7dBm0, ete, -

For malntendnce requlrements, recommendatlons glven in Table 3 are
set out for noise measurlng test £6 be performed in routlne malntenance

for actual trafflc and serv1ce channel
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Table 1. Recommendation for Transmission System

Rec?mmenw Title Contents of Recommendation
dation
275 Preemphaéis Relative deviation by test -tone
characteristic s - 10 16 . L 6.90
' £10 525
SR I
1+ (f fr)
‘where f Basebénd”ffequéncy
f,.1 Preemphasis resonance frequency
403 Intermediate 1. Fbr'radiprffequéncies below 1 GHz: 35 Miz
' frequency When_the number of channels is large,
70 MHz may ‘be used.
2. For radio.frequénciés above 1 GHz and
ap to 1800 channels: 70 MHz
3. For 2700 channels: 100 or 140 MHz
404 'Frequency Freduency deviation per channel corresponding

deviation for
channel for re-

spective channel

_ capacity

to maximum number of channels of the system

(see Table 2).

It is recommended that the effective Frequency
deviation to be employed when preemphasis is

employed should become equal to when not.
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Table 3. Recommendation for Maintenance Conditions

Recommen-—
dation
No,

Title

Commendts of Recommendation

290

Routine maintenance
necegsary frequency

multiplex system

1. Check of level variation of the line
by line regulating pilot

2. Measurement. and check of line noise by
noise measuring channel and distortion

test

398

Noise measurement

during operation

Measurement of line thermal noise and
distortion noise during operation by
providing a measuring channel outside
the telephoné signal band (at lO%‘apart

from. the upper and lower limits).

399

Measurement of line
quality by using

flat noise

Measurement of thermal ncise and dis-

- tortion noise by using a measuring
channel spacified in Recommendation 398
while loading flat noise depen&ing

on the channel capacity.

400

Service chamnels to

be provided

i. Channels

Channels for orderwire betweén attended
stations, channels for orderwire
between attended and unattended stations,
-switching pilot channels, superﬁisory
channéls .

2, TranéﬁiSsion'methods
Independént wires or radio channels
(ﬁith the same frequencj'band as

the main system or other systems)
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[1T

-1,

]~7 TWoise Design

Nolse in RadioiSystems

Types*and‘canSeS'of nolse produced in multiplex telephone systems

can be classified as follows.

—Thermal noise

_Nonlinear
distortion

-~Distortion noise

. Linear
distortion

frequency

- — Interference -

- etc )

— External noise

‘Noise deteérmined by réceiVing power

Noise proper to modulator/demodulator, v1deo
amplifler, carrier terminal,

etc.,

NoiSe due. to FM'ﬁoduletor/demodulator

-

(Anténna front—back coupling, overreach

Noise due to video ampllfler

(including group amplifier at carrier .
‘terminal)

Delay dlstortlon due to phase charac—
teristic of IF ‘and RF ‘stages, etc.

Amplltude dlstortlon dueto amplitude=
response characteristics of -IF and RF

stages

Echo distartion due to standlng wave

of antenna ‘system

Transmlssion distortlon due to close
reflection and dlffractlon 1n trans-—
m1331on line :

—Interference from channels w1th 1dent1cal

ete.)

Interference from channeis w1th dlfferent
frequenc1es _ :
(Antenna gide-side coupllng, back—back coupllng,

- Mainly city noise
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Thermal Noise

Thermal noise in its narrow meaﬁing is thérmally distorbing noise
caused by resistors but in general it is used in comparison with
crosstalk noise and interference,

In this latter meaning, all noise produced within a receiver and
external noise applied through the antenna are generally termed
thermal noise. _

Thermal.noiée caused in a resistor is ascribable to the thermal
movement of electrons within the resistor and the noise power NO is

given by

Ng = KTB

K: Boltzmman's constant (1.38 x 10—23J/°K)
T: absolute temperature
B

: TFrequency band

This thermal noise is the minimum noéise caused in the ideal case and

in order to reduce this noise, it is inevitable to lower the tempera-

ture.

In gemneral receivers, noise is caused in vacuum tubes and tran-

sistors incorporated in the receiver in addition to the above-mentioned

thermal noise.

50, noise figure is defined so as to express how many times the
thermal noise of the above-mentioned ideal resistor the noise of an
actual receiver 1s. When 6; and V;'are the vectors of the carrier and

3 . noise, respectively, and their ampli-
tudes V. and V, respectively, super-
position_of the carrier vector is
shown in thé left-hand figure.

‘That is, carrier vector V;-rotates
arround origin 0 at angular veloeity
We =:21Tfc and noise noise feetor V;

rotates arround the tip of the

carrier vector, P, at angular velocity

Wy =.2an.
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Accordingly, if the carrier vector is considered stop, only the
ik a .
noise vector V, rotates arround point P at an angular velocity of

W, ~ W, = Z?r(fn - fc).

It is clear from this vector representation that the amplitude of

the resultant vector of the carrier and noise vectors varies in an
_OA to OB range and its phase in a -§ to ¢ range. :

~In other word, the carrier wave undergoes amplitude modulation
with modulating wave Vﬁ/Vr at a frequency.ug'(fn _-fé) and phase modu~-
lation at modulation degree ¢, at a fiﬁe. As the amplitude of the
noise, V,» can be c0n81dered negllglbly gmall when compared with the
amplitude of the Larrler, Vr’ we have
The instantaneous phase value of the resultanf vector, 0, is then given
by |

Vo
.8 = ﬁ;~51n 21T(fn - fot.

In an FM demodulator, the variation of the phase, that is, the output
e propbrtional to the:frequeﬁey deviation, is taken out and'the noise
‘output corresponding to the above—mentloned phase varlatlon is pr0p0r~

tional to
fq =57 = —;-(fn - fc)cqs 2w (f, - £ft.
Most thermal noise in ordinary microwave systems is_eaused in the
receiver and its power per unit frequency band, P,, is giveﬁ by
Py = KTF
where F dendtes the noise figure.

Accordlngly, the noise power to be contained in the frequency

band ‘of Af at frequency f is proportional to

DTFAL  _»
— £,
Py
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If the frequency'deviation of the signal (effective value) is 50
the signal cutput is proportional Soa_with the same coefficient
(demodulatoxr sensitivity) and the signal-to-nolse ratic (S/N) is given
by

KTFAf.. £?
[S/N] dB = -10 lo = , )
_ 810 Tp_ Sg2

If the bandwidth of a télephénechannel'is taken for Af and the
effeétiﬁe.frequency deviation against the test tone level for 5gs the
S/N per channel can difeétly be obtained.

Some other factors that can be considers to give influence to
thermal noise are the sum of thermal noises in'multi—stage repeatering
and additional thermal noise due to fading, and due consideration
should also be given to these items of thermal noise upon actual system

design.

Distortion Noise

(1) Distortion noise due to nonlinearity distortion
~‘Nonlinearity distortion is such type of distortion that is
caﬁsed when the signal passes vacuum tubes. and transistors and.
occufé only ﬁhen the input—to—qutput relation is not linear or
not proportional. Output voltage E can be expressed as a series

of dnput voltage e as follows.

F o= e+ aZed +ale® 4+ ...,

+. al

%0
Simple-sinusoidél wave of e = AcosPy is applied as the input
voltage to the circuit that can be expressed as above, the output

voltage obtain is given by
E = ao + alA'cos Pt + az(A cbg Pt)2 +—a3(A cos Pt)3+ e

= ag t ajA cos P + azA?(lfco; ZPI) t+ a

Az(COS 3Pt+3cosPt

J 7+

2

That is, a ‘sinusoidal wave with the same frequency as the input
(fundamental wave) is obtained from the term containing A, sinusoidal

wave with a frequency twice as large as the input frequency (second
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harmonilc) from the texrm containing Az, and a sinuscidal wave'with
a frequency thrice as large .as the input frequency (third harmonic)
from the term containlng Al Accordingly, harmonic distortion
factors can be defined by the retios of the amplitode'of the

fundamental wave to those of higher harmonics, as follows.

 Second harmonic disfortion: Ky = EEA
: D . R 2al
L L o a3z
Third harmonic distortion : K3 =
S ' hay

_ It .can ‘be undersLood from the above equations that the second
harmonlc dlstortlon factor degrades i proportlon w1th the 1nput
and the thlrd dlstortion factor in proportlon to the square of the
input. ' This is a fundamental property of dlstortlon in which
when. the 1nput is ra1sed the desired output also rises but the
dlstortlon voltage 1ncreases much rapldly

When two sinusoidal waves are applled to the input at a time,
similar harmonic.and resoltent waves are oroduced,'aS'is clear by
calculation._ Thos,fa:gfeat:numbers of reeuitaot'waves are produced
because of a'number“of freQuency cOmponenfs'contained in the
signal, produc1ng noise with-a spectrum with respect to frequency.

This noise is called 1ntermodalat10n n01se.

When a noise having - a: contlnuous spectrum W(f) in 2 0 v B
frequency range 1s:applied at the- modulatorrinput,'the_lntermodu—
lation noises of arithmetic.suﬁmation form perfuoit bendwidth.at

frequency f are:
e ot sen
- L TRl Bypes 270 .X_ %
2

(g - wy) type: .Zaz-fguf:w(x)°w(f+x)dx

3

(w1-+m2-+w3)'type: EaSZ{f {f—y'w(x)-M(y)fﬁ(féx—y)dX°dy

: J e 3
(W Fuptwg) type: . %3 .f fﬂf y“’(x) ‘w(y) w(f- x+y)dx dy
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(2)

“In this case, the desired signal is. the transmission output

proportional to input signal w(f) and can be represented by a

-alzw(f),-so that the signal to intermodulation noise ratio can be

obtained by obtaining the ratio of.the intermodulation noises
glven by the above equations.

Cauées for producing distortion which'may cause intermedula-
tion noise in microwave Systems using frequency modulation are

given in paragraph 1,

 Linear distortion

When a signal frequency modulated by a multiple signal or a
like is sent through a microwave repeater line,  the frequency-
modulated signal obtained after demodulation becomes different
from the initial signal due to the amplitude frequency response
of the FM transmission system and phase frequency characteristic
of the transmission line.

Linear distortion is such distortion as caused in such a
demodulated signal.

Although the circuit which cauées nonlinear distortion exhibits
nonlinearity in the input-to-output level ratio in the case.of
nonlinear distortion menticned in the foregoing paragraph, the
circuit which'causes linéar distortion exhibits linearity in the

input-to—output level ratio or the presense of nonlinearity gives

-no influence to distortion but the amplitude fréquency response

characteristic or phase frequency response characteristic deter-
mines the amount of distortion in the case of 1iﬁear distortion.
This can be said when only the FM transmission line is picked
up singly to be discussed. However, when only the modulator and
demodulator are-connected to the transmission line and all ecircuits
ranging from the modulator input to the demodulator output are

considered, the tranam1551on line involving linear distortion

' causes nonllnearlty in the relatlonship between the modulator

input and demodulator output, s¢ that it can be understood that
the distortion Wthh appears in the output wave form is caused by
this nonllnearlty From this prlnc1ple, the differential gain and

differential phase characteristics are used to express the non-
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nonlinearities of FM transmisslon lines..
From these. characteristics intermodulation noise due to linear

distortion can be obtained,

In microwave
quencies are used
Accoxrdingly,

same frequency is

Interference Noise

systems uslng frequency modulatlon, two radio fre-
in. general

it .can. be observed at a repeater station Lhat the

sent from both d1rections and the same frequency is
'recelved in both dlrection. ., _

Antennas used in mlcrowave systems have sharp d1rect10na11ty but
have certain degrees of dlrectlonallty toward the srdes and réar. _
Accordingly, the follow1ng 1nterference 1s_caused by radic frequencies.

Station ¢  Station D

Station A Station B

Station E
) '/ ST : ‘ f_/“@ \\\f \\_
£9 ' =g r2 0 . A2 AN
A:(","“"f_’) a@«“_—m———) = J6—
£l £, ] € £, Dy rf1- | E
) 2 He——) j—

e
(i) Interference w1th1n local 01rcu1t . _
Interference w1th1n the Same frequency channel'
a) ‘Front—back coupllng of transmlttlng antenna
b) Front—back coupllng of rece1v1ng antenna -
‘) Overreach ' ' ;
o Interference from dlfferent frequency channels
d) Slde 51de coupllng of antenna
'e) Back«back coupllng of antenna
(2); Interference from branch c1rcu1ts o
' f) Slde s1de coupllng of antennars_
g) Front side coupling of rece1v1ng antenna

h) . Front side conpllng of transmlttlng antenna
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(Interference from branch circults exists in form of
interference at the same frequency and interference

from different frequencies.)

In order to reduce.interference coupling between antennas, it is
necessary to employ such antennas that sufficiently reduce gailns
at angles outside the main beam direction.

It is to be noted that in the front-back interference inter-
:fering Qaﬁes'transmit on different channels then the desired
signal channels and the desired signal may become weak due to
fading, etc., or interfering waves may become stronglbecaﬁse of
free space condition, so that it is necessary to consider this
dlfferentlal fadlng upon examlnlng interference,

It is also to be noted upon calculatlon of 1nterference noise
that when the desired signal and interfering wave are both un-~
modulated and of the same freduency, a beat with a frequency cor-
responding to the frequency dlfference between the desired and
interfering signals appears 1n the demodulator output.

When the ratio of the desired signal level to the interfering
signal level is [D/U](dB), the signal-to-interfering noise ratio
[S/I1(dB) in the channel on which the beat falls is given by

(Fd — Fu)

[$/1] = [B/U] ~ 20 log s

where Fd and Fy resPectively denote the carrier frequencies of
the desired and interfering sighals and S the frequency deviation
at the test tone level, |

" When the desired 31gnal or 1nterfer1ng signal (or both) is
modulated and comes to have a spectrum, the interfering component
which has been a beat when unmodulated becomes interfering noise
with a geftaih_speétrum. '

Tn generdl, ﬁhen.the power-frequenéy stectré of the desired
and 1nterfer1ng signals, wd(F) and w;(F), are known, the spectrum
of the 1nterfer1ng noise after demodulation, wl(f), can be obtalned
by integrating the beat of the frequency components correspond-
ing to wg(F) and wu(F)

That is, in the case of frequency modulation, .
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2
ml(f) —f—?‘f g (X w, (eHf) dx

Wheve Py is the_tbtal power of the desired signal and given by

Pq = &: Wy (%) dx

When the modulatidn degree of thé’freﬁuency modulation. is extfemely
large, this integration canybe’obtéined comparatively,easiiy.

That is, the poWér—frequency spectrum. of a FM signal modﬁléted
with random noise is verified to have normal distribution with
the effective frequency deviation heing the Standard deviation
when the maximum frequency of the baseband is sufficiently émall
when compared with the effective frequéndy.deViétion;

Accordingly, we have, by using the abdve:ihtegration.

P (£-f0)*
: f . R 2y 2y
THOWEE . N

Pu v 2m(od?+ou?) .

Where P, and P4 are Tespectively the total powers of the desired
and interfering signals, gq and 0, are respeétively.the effective
frequency deviations of the desired énd interfering signals, and
fy the fréquency difference between the desired and interfering.
signéls.' |

In the case of interference at the same frequency due to

front-back coupling in the same circuit, etc., we have

04 = 0, = 0 and fO = 0,
so that
' : . 2
p 2 f
wl(f)=~l———l-1- 'f__,e ot
2°Pq 20/

Hence, when-the test tone frequency deviation is S, the

signal~to—interfering.noise-ratio is giveh'by-

[8/1]dB = [D/U] + 10 log gg ;;_ o 407
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Noise Assignment

When desiguing a microwave system for use in certain transmission
line,.it is necessary to allot standard noise assigned to the trans-
mission line te various noise sourcesg and determine equipment speci-
fications so as to meet respective noise values thus allotted to
equipment, .

The system design of a micfowave.System is represented by this
noise allotment and the features of the ‘microwave system thus designed
can’ be characterized by the noise allotment.

Furthermore, the system economy is determined by the results of

noise allotment.
(1) Basic concept

The standard noise of 7500pW’spec1f1ed for a 2500 hypothetical
reference cireuwit is equal to —Sl.ZdBm relative to 1mW. It is
equal to 51.2dB in'signal—to-ndise’ratio for the test tone. This
value of 51.2dB is a psophometrically weighted value. This value
is equivalent.to 48.7dB in unweighted value.

In alloting this value to 9 sections combosing the hypotheti~
cal reférence circuit, conversion of baseband configuration is
performed by carrier terminal equipment at the respective connect-
ing points betweén sections and noise caused between sections is
all summed up in form of power summation and noise is allotted by
1/9 equally to all sections, That is, the noise allotment to

one modulation section of 280 km is
48.7 + 10 log 9 = 58.2dB

iﬁ dividing this noise value into three types of noise, that is,
thermal noise, distertion noise (intermodulatibn noise), and
interference noise, the following property of each noise against
input_level_variation must be considered. That is, while the
-signal—to—ratio due to thermal noise is'impfoved in proportional
with. the input level (that is, effective- frequency deviation)

the signal"to—noise ratio due to distortlon noise degrades
1nverse1y proportlonal to the 1nput level {in the case of seeondary

distortion) or in higher ratios (1n the case of distortion higher
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than- third order distdrtion).

On the other hand, the signal-to-noise ratio due to inter—
ferénce.noise generally exhibits:complécate variétion.with input
level wariation.- :

In the case of interference 'from the same frequency in a
‘system with a high degree of ﬁuitiplication, it can be conéidered'
that'thé‘signal-to—hoise fatio does ndt'very.greéfly'with the
.input level, Accordlngly, it JS understood, by measuring the
31gnal to-noise ratio of any micréwave system by loaded noise
characteristic test “that "the signal-to-noise ratio varies as

shown in the f0110w1ng figure w1th the input lével.

Slgnal to- n01se ratio Vs, 1nput level

Distortion noise
(an'distortion)

. S G o
~ B -/ Thermal noise
~ g . -
: ~ : / .
"Interference - ‘_-k-:\- IR
Sou - noise i’ ‘ :
e . ,;<_;\' \Distortion noise
2 — Y (3rd distortion)
o & \ .
2% I
—— .
o o \t .
o | ~
W \
v M | o
g
)
|

Op timum input’ level _ :
o Input Yevel (dB)

-1t is now underbtood that there is such an 1nput level at .
whlch the slgna] to- n01se ratlo become max1mum and it should be
operated at. that’ 1nput 1evel to achleve optlmum,suff1c1ency.
in mlcrowave systems, n01se caused'ln the FM section is most
domlnant and the 1nput level varlatlon in the figure can be con-

sidered as the variatlon of test tone frequency déviation. -
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(2)

The signal—to-noise ratio becomes optimum at a point where
the thermal noise and distortion noise are nearly equal to each
other. It is also advantageous that'at this point the signal-to-
noise ratio hardly varies with the input level.

Interference noise need not be directly related with other
types of noise but since it can be consideréd_that the predominance
of one noise requires rather strict coutrol of other types of
noise, nearly fhe same amount of noise as alloted to thermal noise

and distortion nolse is usually alloted to interference noise as

~well. Of the signalftd4noise-ratio is 58.2dB for each modulation

section, 63dB is thus alloted to each of thermal, distortion, and
interference noise.
This amount of noise allotment is still divided to be alloted

to the respective causes of noise.

Nolse allotment table
A typical noise allotment table for a 6 GHz band system is

given below.
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[ITI1-8 Calculation of CGcenpied Frequency. Band Width

1. Egquations for Calculation of Occupied Frequency Band

(L) 29.7 MHz v 470 MHz
a) Single channel (in the case of FM)

baa
i

2fm (m < 1)

=
i

p = 2£4 + 2fm (1 < m < 10)

Py
i

g = 2f4 + 4fm (10 < m)

b) Multiéhannel (in the case of 55--FM)

- fp = 2fm (m < 1)

= 2(L., £q0) + 2fm (L < m < 0)

s
=
i

fp = 2(Le, fao) + 4fm (10 < m)

¢) Multichannel (in:thé case of S$8-PM)

fB = 2fm . : {m < 1) |

fg = 2L_(£,*mc) + 2fm (1 < m < 10)
fp = ZLC(fx‘mc) + 4fm (10 < m)

fq @ Maximum frequency deviation

fqo: Effective frequency deviation (kHz) caused at test

tone level

Le ¢ Maximum load coefficient corresponding to the

number of channels

/ fa’tfa - fb+rfb?

fx : fx = -

. T

fa : Lowest frequency of baseband (0 when there is
orderw1re c1rcu1t whlch modulates as it 1s the
v01ce ‘band)

b : nghest frequency of baseband °

m_-: Effective phase dev1dt10n (radlans) caused at test
tone level
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{2} More than 890 MHz
1) In the case of 885-FM

a) When the channel capacity is less than 120 channels:

fg = 2(Lgs £45) + 26y Wher > 552 kiiz, fp = 552 kHz.

2fy + 2f,

b) Exceeds 120 channels:

1 852
When . Ln < —‘—6 (-jg.; + 10) | f_B = ZOde + 11_04 )
When Ly > = (35-% +10): Foo= 2% 2.6 Lrfyy

2.6

¢) When preémpﬁasié is employed' _
To be obtalned by - equatlons mentloned in, items a) and

b) above but by u51ng f"dé instead of fdo and

(When BdB preempha51s as per CCIR Recommendatlon 275 is
employed and the system 1s fully equlpped this compensa~

.tlon ‘of fdo -+ f dé is not- requ1red )
2) In the casé of SS PM
As in the CaSe of'SS;FM but-fk-mé is iﬁétead-of édo agd-
N : Number of ;hﬁhnels
fdi ! Relative éffective va1ue of fréquenéy'deviatiqn on -
each channel relative to the effective value of the

frequency deviation caused at the fest-tone level
(OdB)

L, Equxvalent power correspondlng to the number of

'channels

Lo ot Max1mum load coefficient
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Maximum

Prac-

frequency
deviation

=

Pezk
value

Te single channel maxi-
mum frequency deviation

tical
value

(LC

Semrt

j 2 3.4 5678910 20 30 40 50

The ratic for maximum frequency deviation between single channel
maximum frequency deviation (Maximum load coeffieient)

In case of no
volume control

Communication channel (W)
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The moduration frequency for phase moduration an equal

grade effective frequency deviation and frequency moduration

120
10
100
90
80

70

60

50

40

30

20

‘The moduration frequency for phase moduration an equal grade
effective frequency deviation and frequency moduration

g dA St Sak 4 B
. . 3 -
Ja: Minimum frequency for _ /1
base band T /_
?I,fa= 60( kHz)
1/
V4
/111,
7'/ fa=12(kHz)
e
’!,)/’,/
= fa =0

3 4 5678 10

20 30 40 50 70 100 (kHz)

Maximum frequeucy for base band ()
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(Fy)

Pand width

The calicuration for band width (S5-FM and S5-PM)

(kHz} Base band frequency in case of 60 kHz

13000 z l I r !.I
12000 F : : |
11000 }
‘ /
|GO00 /
5000 - /’ é
8000 ) ;
¢ /]
7000 |1 | /
It /
6060 ad 4
“‘--_.J})‘- "" g
5000 T L A
LT ,—"" A
4000 T $I L~
/ _.n-""“ i ‘_-,g" "ﬁ
: .-—"'""-_M—‘ _-_,—“' Py
3000 RaRaR e AR
20()() -—'.——"-__-—‘_‘- Ry |55 et [
,_---"""-_--_ L et ettt |
1000 = _ .
12kHz . IkHZ BkHZi
N ANEA | :
72 ) 84 g8 1561 252 300 552 801, 1052 2044 4028
Fax1mum base band frequency.in case of standard érranngRHz
L - ment
3 5 10 20. 30 50 100 -~ 200 300 500 |OOQ 2000

Conmupication channel (M)
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Band width

The calicuration for band width {55~TM)

(kNiz) Base band frequency in case of 60 kHz

7000
6500
6000} I
"
5500 TR
5000 pizant
4500} —1— 10 il
: . . //’ : : : ’//.
3500 —-——+] Ragine e
. 3000 ) . »_’/" : " §iq
. ’ V // . : .-""'
2500 : LB e
. LA T T L1 ] .
] - n : )
2000 /’— AR m___..--"” LA :
| 500 L . // | e i -;-’—__,—.-p | -
1000 =T
500 B— — - 4+ Maximum base:band
_ : 24 | 3¢ 6?' ; 198 _ '204(3Hz? frequency in case of
0 — —— ) — standard arrangement
R 35 10 1520 30 40 5060
" Communication channel (N)
v
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(dB)

Lpn and Lg

30

25

20

The curve of equal volume and maximum load coefficient

z
a/ N
%
_ v
B L~
rd
o
— = Maximum load Lo
s 1T coeffigien -
] i W
et
/f
/’
_ L7
-
et FqualLvqume
_ﬂ/’
T
25
A
//
LT
~
P
v - .
I 3 5 10 30 50 100 300 300 1000

Communication channel (N}
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Free space loss Lo (dB)

Free space loss by iso-tropic gain ant.
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Chart for free space loss, field intensity and receiving power

Lo = 32.4 + 20logd + 20log
Lo : free space loss .
d : distance
frequency (MHz)

m) | {dB v/m) (481 } (dBm)
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A 1604 -130
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0.3 4 B _ B
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= o 200 4
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o 5 70 o000 1 3
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@ 3"_ M : —=30000 4. ) .
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o T o § - 5000 1 g
o 104 g 3000 + :
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200 50 o iy - 1L .z
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The number of field intensity correspdnds to 1 watt radiated
power, . :
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l.oss due to diffraction
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Vertical polarization at in-land and horizontal

polarization on the sea and at in-land

Additional less due to spherical ground when antenna height

is lower than the limited wvalue

limited value of an
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Transmitting antenna height
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Loss due to shielding effect (dB)
of spherical ground
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Rectification of reflector pain
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Gain Gy (dB)
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Typical radiation pattern of parabolic reflecfor
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Minimum effective antenna height
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