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The RF Spectrum
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Allocation, Allotment and Assignment

RR 5.1
Frequency distribution to: English
Services Allocation (to allocate)
Areas or countries Allotment (to allot)
Stations Assignment  (to assign)

Radio Regulation PP1 Tables\ITU RRO4edv1Articles.pdf

Radio Services PP1 Tables\Radiocommunication
services.doc
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Broadcast
station

Distribution Delivery End User
Network Network (Receiver Equipment)
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Analogue and Digital TV figures

Line : B6.5 dBm Detector : Max Peak REMW : 300 kHz
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45 Video Ref Offset .00 B
RF Attenuator 10 dB
Freamplifier :On
E5 Sound Dynarmic B ange . Low Maize
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R er it i | REW :300  kHz
7? WEW 3 kHz
-6h ST 2100 ms
Colour Trace Mode : Max Hold
_ Detector . Max Peak.
75 ~ I \VT Trigger Mode : Free Run
) ‘*'lJ' Trigger Level D
Trigger Delay
et Ilpper Linnit
-85 Lower Linnit R
External Reference : Disabled
Tranzducer R
95 Tranzducer [dB] De--
Date - 1940942006
Time C07:20:11
Instrument D---
-105 b arkers
M1: 527 2BEEEEY MHz : -d44.2 dBm
k2. 539.86EEEEY MHz : -57.6 dBm
115 4 bd2 328 MHz . 524 dBm
k4. 531 6GEEEEEY MHz : -F1.3dBm

Start Frequency  : 524 MHz Stop Frequency : 544 MHz
Analyzer Center Frequency : 534 MHz Span o 20 MHz
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TV colours; Exceptional Countries
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Technical Parameters of the TV systems

The three analogue TV standards

Lines per Fields per Line Frequency (Hz) Video Bandwidth | Colour subcarrier Subcarrier Year
frame second (MHz) (MHz) Modulation Lt
(visible
lines)
NTSC 525 59.94 15,734.264 4.2 3.58 Quadrature 1954
(480) -
625 e Amplitude (QAM)
PAL 50 15,625. Only for PAL-M 555 43; 1967
SECAM &9 15,734.264 5.9, PAL-M 328, PALN T Frequency (FM)

The Three digital TV Standards

Reception speed Scanning Lines Imsg(eelsslze Modulation
ATSC Portable 1125 1920x1080 Single 8-VSB carrier codes
< 90 km/h, for 8k carriers .
DVB-T <180 km/h, 2k Flexible OFDM
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TV Standards; ITU report AN-Dig EE@

Standard Channels Band Modulation Applicable
standards
ATSC 6 MHz UHF/VHF 8-VSB A/52 A/53, A/65,
A/153
ChinaDTV 8 MHz UHF/VHF OFDM GB 20600-2006
DVB-T 6, 7 and 8 MHz UHF/VHF OFDM EN 300 744
DVB-H 5,6, 7 and 8 MHz UHF/VHF OFDM EN 302 304
ISDB-T 6, 7 and 8 MHz UHF/VHF Segmented OFDM | ARIB STD-B31
T-DMB 1.75 MHz VHF/1.5GHz OFDM ETSI TS 102 427
and ETSI TS 102
428
FLO 5,6, 7 and 8 MHz UHF/VHF OFDM TIA 1099
ISDB-Tsg | 0.43, 0.50, 0.57 MHz UHF/VHF Segmented OFDM | ARIB STD-B29
1.29, 1.50, 1.71 MHz
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ATSC Contiguration

Video Subsystem

Video
Video . Source Coding -
and Compression

Audio Subsystem

Audio

g Source Coding P Service
and Compression Multiplex

Audio

Ancillary Data ——»| RF/Transmission

MPEG 2 System
- Transport [ | >

Control Data ———|

ATSC Legacy System M/H

Framing ——r %2’2?:;'

Video Subsystem

Video P
\Video Source Coding > Transport )
and Compression Modulation

RTP ;
Service
- Multiplex \'\)

Audio Subsystem

_

Audio And

Audio . Source Coding
and Compression IP

Encapsulation

Ancillary Data ——— = /

Control Data ——— o e

Announcement —— i FIC : ¥ 4

ATSC Mobile / Handheld System

«—
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800/900 MHz Cellular, Trunking & TV allocations

/45 Oktober 2008

Israel allocation
US standard

System — trunking trunking
[ i i e e e e oo oo |
B 810 820 830 840 850 860 870 880 890 900
EUROPEEN
TVstandard CH63 CH64 CH65 CH66 CH67 CH68 CH69
System European standard kesf EGSM] GSM | kes] EGSM] GSM |
[ oo oo e o inemn|
860 870 880 890 900 910 920 930 940 950 960
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LAND Mobile Standards
1700-2200 MHz

15 October 2008

Standard

— | DCS-1800 or GSM 1800
LT T ) Y L O L L o L o e xRy Ry e

5
1710 1720 1730 1740 1750 1760 1770 1780 1790 1800 1810 1820 1830 1840 1850

Standard

— | DCS-1800 or GSM 1800 DECT
T T e Ry ey men o e i e

1800 1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950

U.L.-PCSJU.L.-PCS]

Standard UMTS TDD UMTS TDD
— IMT MSS IMT
L T e o ERTIEN] EXREEIR CEARCEans KRt |
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
Standard UMTS FDD
S IMT MSS
[ o peme i o e oo oo oo o e oo

2080 2090 2100 2110 2120 2130 2140 2150 2160 2170 2180 2190 2200 2210 2220
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Interface Names
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BTS; Base transmitter station; BSC Base station controller
PCU Packet control unit; MSC Mobile switching centre
HLR  Home location register; VLR Visitor location register
SGSN Serving GPRS support node; Um, A-bis, A, Gb, Gr, Gs, Gn, Gi various interface protocols
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Spectrum AND Structure of OFDM, 1B w1450

Sub -carrier

Amplitude

Frequency
c 14SO-OZSub-carrier
Sub-carrier DC Carrier
:Guard Balnd Spaqing : :
' I > ' _ Sub-Channel R

It

|

Effective Channel Band-width

Channel Band-width
>

<
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MAC layer

—

20 Mbit/s

LNA

HPA

20 Mbit/s

EE—

MAC layer

FEC
decoder

FEC _| Mapping K \FET YTl - S\?’J:\E’;I k " |Quadrature
coder S/P . « . | addition o . « . | modulator
N - = shaping v
Modulation: FFT size: 64 é
DQPSK-OFDM Number of subcarriers: 48
AGC Amp.
Quadrature| Remove | FET = Demapping
detector Gl - o P/S
Y I

Rx level. det. é‘

AFC

clock recovery

AFC scheme
Clock recovery scheme
Digital AGC
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FWA using mobile technologies; F. 757

Radio system
(point-to-point, o
point-to-multipoint) Node building

A L e [ \ / Network \

\ management |- — — |
\ system
T

|
)\ |
. L
// Air interface _&

7/ .
’l )/ Adapter ® | Service

ﬁ o node

- ——————— -0 —
-

Cable system
‘H_.J' End-user station 7 )

Telephone FWA customer data

User's home \ /

0757-01

Pay phone
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RE Engineering
Transmitters Receivers
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x=f-Schematic diagram of a general communication; Shannon & Weaver (1949)

R S

INFORMATION
SOURCE TREANSMITTER RECEIVER DESTIMNATION
e e . - —ie
SIGNAL RECEIVED
SIONAL
MESSAGE MESSAGE
MNOISE
sOURCE
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Radio Noise: F, vs frequency, ITU-R P. 372
180 2:9 1020
S
160 | T 18
TN 2.9 %10
N LT
0= T 2.9 x 1016
A N4
120 \\ N 2.9 x 10
N
\ N
\\\
= 100 < 29x102
& N N\ <)
h;? \k\\ \\ d \\ “G
80 N Sq < 2.9x 1010
\\ \\\ N I \\\
60 3 R ~Q 2.9 %108
\ ™~ AN
\B N NONE
40 \ ~N 2.9 % 10°
<N\ ~
\ \\\~ ~
\\ L ,:;,,.\\\\\ D N
20 ‘S 2.9 x 104
\ '/ \ NN
NI LY W\ ™
0 = ! 2.9 x 102
2 5 2 N 2 5 2 5
10* 10° 10° 107 10°
Frequency (Hz)
A atmospheric noise, value exceeded 0.5% of time
B: atmospheric noise, value exceeded 99.5% of time
C: man-made noise, quiet receiving site
D: galactic noise
E: median city area man-made noise

—_  minimum noise level expected,,,: . 0372:02
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Recetver Sensitivity, M.1767

P.(dBm)=-114+ F + I/N + 10 log B, + P,
F: noise figure of the base station or mobile station receivers (dB)
I/N: criterion of interference to receiver system noise ratio (dB)
By,: equivalent noise bandwidth of the receiver (MHz)
Po:  noise increase due to man-made noise and other interference (dB);

, _E?G)° _ EGe”
" Zgdn  480m2f2

Dr. Haim Mazar (Madjar) mazar@ties.itu.int , mazarh@moc.gov.il Wireless Telecomms Seminar, Nepal Kathmandu 24-28 Nov. 08

4



Code Division Multiple Access, RS Seminar

WANAX

Code Division Multiple Access

FDMA TDMA W-CDMA
3.84 MHz BW
5 MHz spacing

Time Freq

Users separated by Users separated by Users separated by
frequency frequency and time codes
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OFDM/ OFDMA, RS Seminar

OFDM / OFDMA

Bandwidth

Sub-carners

o
S e Frequency

AN K A

*+ Each sub-carrier (frequency channel) cames a separate low-rate stream of data

“+ Frequencies are chosen so that the modulated data streams are orthogonal to each other

++ Each sub-carrier i1s independently modulated

A guard ime Is added to each symbol (cyclic prefix)

+  Symbol duration is relatively long compared to channel delay spread -> less intersymbol interference
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Unwanted Masks, Rec SM 1541

FIGURE 3

Power measurement bands

Alt'ernate Adjacent Occupied Adjacent Alt'ernate
adjacent band band band adjacent
band band
i . i _ i ‘ | . . i . Frequency
Jo =2/ Jo—Jes o Jo T es JoT 2
1541-03

/.. spacing between assigned frequencies
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Unwanted Emissions, Rec SM 1540

Adjacent allocated frequency band Radio frequency band allocated to the service  Adjacent allocated frequency bands
o - - ‘%
Channel separation
—- -
Outermost channel centre frequency L4 A Inner channels centre frequencies
’68 spectrum mask
o) g
1) (1)
), R (2) /
9 kHz 300 GHz
250% By | 250% By > /

(1) Actual OoB mask for the system under consideration
(2) Spurious limit defined by RR Appendix 3 or Recommendation ITU-R SM.329
(3) Unwanted emissions in the OoB domain falling in the adjacent allocated frequency band

1540-01
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Categories of spurious emissions limits

Category A | The attenuation values used to calculate maximum permitted spurious domain
emission power levels. RR Appendix 3 is derived from Category A limits.

Category B | Limits are defined and adopted in Europe (all Europe not only EU) and used by
some other countries.

Category C | Limits are defined and adopted in the US and Canada and used by some other
countries.

Category D | Limits are defined and adopted in Japan and used by some other countries.

Spurious Emissions Rec SM 329
PP4 TablesTXRX\REC-SM329-10Spurious.pdf
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== Comparative spurious emissions values (dBm)

7

Type of Category A: Category B: Category C: Category D:
equipment All Countries | Europe USA, Canada | Japan
Portable, 465

MHz, 1 W, 12.5 -13 -36 -20 -30
kHz channels

Fixed Service, ) ) ) )

325 MHz, 10 W = S 13 20
HF Broadcasting,

100 KW 17 17 0 17
FM Broadcast, 0 15 10 0

100 MHz, 10 kW
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Spectrum for 7 MHz DVB-T, Rec SM. 1541

0
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-10
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e}
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&
o

—100
—-105

-110
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CDMA 1895 1,932.55 MHz Ch. Spacing 1.25 MHz

Ref Lvl

—20 dBm
—20

—FXD —23.1 dB 24
30

50 I

V4

<= A

_80 MMA/J I./\%MI'L” "M \m\’\%
ool ™
P

[d

-100
-110 [V
Co
co
-120
Center 1.93255 GHz 400 kHz/ Span 4 MHz
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Integration Surtace

dS = 2nr?sin(0)do

rsin®
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Effective Capture Area

For n = Aperture efficiency; A = Physical aperture area, A, = Effective aperture area;
g= Ant Gain , G= Ant Gain (dBi), Gd =Gi-2.15; A= wavelength,

BW= Ant beamwidth, 6= BW_, ¢=BW,_,
n = I:)rad — Ae
P A

Input
B 47 _4ra,b, 4rA  ArpA
@O (radians) A A A5
2/2
L
A7
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Practical Formulas, for gain %%

4= pB(radians) -7 (")

Ar Ar (360 360) L, 41,253 . 41,253 28,800
27 2m pd(’) " po(°)  9o()

G=44.6 dBi -10Log0°-10Log?; for circular Ant, G=44.6 dBi -20Log 0

Dr. Haim Mazar (Madjar) mazar@ties.itu.int , mazarh@moc.gov.il Wireless Telecomms Seminar, Nepal Kathmandu 24-28 Nov. 08




D= Ant length or diameter; these formulas apply for circular reflectors

2
G(¢) = Gax ~25x107° (% (pj for 0° < @ < On
A

G(p) =G for om < ¢ < 100 =
D A

G(p)=52-10 Iogx—ZSIog(p for 100 B < @ < 48°
D

G(p)=10-10 Iogx for 48° < ¢ < 180°

20 log % ~ Gmax— 77 DIh ~ 70/0 Gay (dBi) ~ 445 — 201og 6
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Elements of Radiation Pattern (Struzak)

Gain
Main lobe Beam width
E max Nulls (positions)
: Side-lobe levels
ey 2 (envelope)
/ Nulls -
Front-to-back ratio
-180 0 180
Beamwidth
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Typical TV ant

FIGURE 18

180°

a) Typical Yagi antenna for b) Typical radiation pattern
full Band Il coverage

Pattern in the plane orthogonal

to dipoles

—--—-— Pattern in the plane of dipoles

. - D18
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10

TV elev. Pattern (BS 1195)

Vertical radiation pattern for an array of 5 vertical 0.5 spaced
radiating elements having equal current and phase

1.0

" [

Y |
04 I
02 [
01 AN /AN

VAN .

: EEVANR e

90 60 30 0 30 60 90
Elevation angle, 6 (degrees)

D19
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Elev. Patterns of Tx HF Ant.BS. 80 /¥4
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International £ LAy 3
Telecommunication ? .
Union % - *_:'
Ministry of Information International Ministry of Ministry of Foreign Affairs
and Communications Telecommunication Communications MASHAV-Center for
Government of Nepal Union Government of Israel International Cooperation

Government of Israel

Satellite Communications,

Main Source, Rami Neudefer ramineu(@netvision.net.il
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mailto:ramineu@netvision.net.il

GEO (Rami)

Circular orbits above the equator

Angular separation about 1 degrees - allows 360 satellites
Orbital height above the earth, about 23,000 miles/35,000km
Round trip time to satellite about 0.24 seconds

GEO satellites require more power for communications

The signal to noise ratio for GEOs is worse due to distances

1 GEO covers about 40% of the world 7w nooin

Polar regions cannot be “seen” by GEOs

As they appear stationary, GEOs do not require dynamic tracking
GEOQOs are good for broadcasting to wide areas
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Fixed Satellite Service, Rami

SOLAR

PANELS
¥ TRANSMITTER AND

RECEIVER AND
RECEIVE ANTENN A

ORIGINATING DESTINATION
GROUND STATION GROUND STATION
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. Amos-3 Global changeable Ku & Ka footprmts Rami

2Ry Vﬂ}
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GEO Main Problems, Rami

Positioning in orbit: small rockets; fuel up to 10-15 Years
Stability: solar panels and antennas

Power: solar power is used to generate electricity;
Batteries are needed as about half the time the LEOs
are behind the earth

Communications: satellite to satellite communication
microwave or by optical laser

Harsh environment: components need to be specially
“*hardened”, not only for temperature
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a Polar
2 Equatorial Vi A s
aInclined

Orbits

. IncLihepI

\Dr"lol‘t

Circular Orbit

B Geosynchronous Orbit
I edium Earth Orbit
Low Earth Orbit

Equitorial
Orbit
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LEO and Orbits, Rami

Low earth orbit satellites - between 100 - 1500 miles
Signal to noise should be better with LEOs
Shorter delays, between 1 - 10 ms typical

LEOs move relative to the earth; they require
dynamic tracking or non directive antennas nsoin
Y

Circular orbits are simplest

Inclined orbits are useful for coverage of equatorial
regions

Elliptical orbits can be used to give guasi stationary
behaviour viewed from earth using 3 or 4 satellites

Orbit changes extend the life of satellites
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GPS: Global Positioning System, Struzak

6 inclined orbit planes
20.000km

21 satellites

>4 visible
O

X,Y,Z coordinates
(100m - 15m accuracy)

Time & frequency transfer

GPS receiver

strong signal
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Pseudo-ranges: R, =c(dT;).
¢ = lighy velocity C,=clock bias i1=1..4.
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Schematic Link, Rowi

L.N.A A '-l;_f_
TA Te Mixer .F Filter Mper
Antenna

cable

Gain = Gif
Moise = Tif
Receiver
Moise equivalent circuit
O
Tif
Gain Grf Gm Gain Gif
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Typical Frequencies

Band | Frequency Range | Total Bandwidth General Application

L 1102 GHz 1 GHz Mobile satellite service (MSS)

S 2104 GHz 2 GHz MSS, NASA, deep space research

C 4108 GHz 4 GHz Fixed satellite service (FSS)

X 810 12.5 GHz 4.5 GHz I'SS military, terrestrial carth exploration,
and meteorological satellites

Ku 12.5 10 18 GHz~ 5.5 GHz ISS. broadcast satellite service (BSS)

K 18 10 26.5 GHz 8.5 GHz BSS, FSS

Ka 26.5 10 40 GHz 13.5 GHz I:SS
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Link Budget

; F..G- Isotropic power ie
2 x 36,000 x 1000 094 Sec ﬁ BT ehs e
3x 108 / LE sphere.

Gt \ \ Rx
TX \I Effective area = Aeff
|

Cwe )

PT —/IJ'I,I
ji

}‘ R
Received Power

l

BG4
47R*

P, =
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Basic Elements

General antenna relationship: G = 7 &
) 2

P=PG G |—

R T T R\47R

G, is the Ry, antenna gain

PG, is the Effective Isotropic Radiated Power (EIRP).

It gives a measure of the power flux. For each satellite
contours of constant EIRP can be plotted on the earth's
surface. A minimum value of EIRP i1s required for each
type of receiver (eg DBS). Usually the EIRP 1s given in

units of dBW - EIRP[dBW] = 10log,, (PG ).
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Free Space Propagation

The link attenuation ¢ in dB 1s given by

J‘

47R :
a=1010a{£}=1010g — [ ! J
P; A GrGr

=20 105[ 4ER} i [dB]‘ Gr [dB]

The first term 1s called the firee space loss - due to the
spreading of the radiation, not absorption.
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Antenna Noise Temperature T A due to other source noises

=+ ncludine oalactic and other satts
b

satellite
¢« & A
% e
Antenna Nolse Power k_\—' 4 ’
Na =KTa.B ?!‘,r‘ JF," G

Other RF sources eg
satellites.galactic
4  sourcesefc

Radiation into the
Back lobes from the
surface reflections

Earth surface
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Ministry of Foreign Affairs
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Government of Israel

Propagation
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Far-Field, Near-Field (Struzak)

Near-field region:

o Angular distribution of energy depends on
distance from the antenna;

o Reactive field components dominate (L, C)
Far-field region:

o Angular distribution of energy is independent on
distance;

o Radiating field component dominates (R)
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Free space Loss

PL=PropagationLoss; P,=T,Power, P,=R,Power; d=distance, A=wavelength; E,,=field strength

\ SRR
* Arx P {(Pt+4ﬂd2)-l} A

A

2
PL(dB)=10e Iog(?) =200 Iog(%j

. 2 J30-P
PoyntingVector = Ptz = Pf'f'”: 1 (ExB) = Eo E.= t
47d A 7y 1207z d
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Power Transter in Free Space (Struzak) E@

L. wavelength [m]

Pr: power available at the
receiving antenna

PFD- Ae P;: power delivered to the

transmitting antenna

U
1

GT PT ﬂZGR Gg: gain of the transmitting
= > antenna in the direction of
it A7 the receiving antenna
G;: gain of the receiving
Z 2 antenna in the direction of
. P G G the transmitting antenna
- TETER Matched polarizati
47ZT polarizations
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Transmission loss due to free-space E@ |

L, =32.44+ 20log f (MHz)+ 20log d (km) dB

Free space field strength calculation for broadcasting signals

E =769 +P —20logd + H + V

where:
E field strength (dB(uV/m)) of the broadcasting signal
P maximum e.r.p. (dBW) of broadcasting station
d: slant path distance (km) (see definition in Annex 4)
H: h.r.p. correction (dB)
V V.r.p. correction (dB).
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Radar frees basic transmission loss

G P
Prareer= PFD - A :(ﬁj'a

G P G A
PRADAR:(4;dT2)°G[4ﬂdF;]:PTransmith°G'(4ﬂd2j

PL = 1034 + 20logf + 40logd — 10logo dB

o: radar target cross-section (m?) d: distance from the radar to the target (km)
f: frequency of the system (MHZz)
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line-of-sight

diffraction (embracing smooth-Earth,
irregular terrain and sub-path cases)
tropospheric scatter

anomalous propagation (ducting and layer
reflection/refraction)

neight-gain variation in clutter
ocation variability

ouilding entry losses.

Earth Radius =6371-k50
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4 ['resnel zone & the radio horizon for a smooth Earth, as a function of antenna height

m

F, is the radius of the first Fresnel ellipsoid E =173 dl dz
f: frequency (GHz); d : path length (km) 1 '
d, and d, :distances (km) from the terminals to the path obstruction.

W I Straight path,
Wl
| distance dp;

L\

To Earth's center
(radius a = kr,= 4r,/3)
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Diffraction loss relative to free space (dB)

10

20

30

40

N
N\
ANEAN

AN
AN

AN

-1.5

=
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N EATw

-0.5 0

Normalized clearance h/F,

0.5 1

theoretical knife-edge loss curve

theoretical smooth spherical Earth loss curve, at 6.5 GHz and &, = 4/3
empirical diffraction loss based on equation (2) for intermediate terrain
amount by which the radio path clears the Earth’s surface

radius of the first Fresnel zone

0530-01
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Example of trans-horizon path profile, P. 1812

i-th terrain point

Interfering station (T)

A\ 0
o’

Interfered-with
station (R)

Mean sea level
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Horizon

Interfered-with
station (R)

hre
hS‘I"

1812-04
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Propagation; Abuja-Geneva, IONCAP

JUN 1594 55N = 100.

ABUJTA GENEVR (GENEVE])
9.17 N 7.18 B 46.20 N 65.15 E

MIN ANG 3.0 DEG

¥MTE 2-30 2-D Table [DEFAULTYCOMSTLT?.VOR ]
[DEFAULTY SWWHIFE . VoA
5/N 90% of Days @

RCWVE 2-30 Z2-D Tahle
NOISE -145 dBW

Fath
ARTIMUTHS <Short> N. MI. EM
358.82 178.31 2z224.1 4118.7

Az= (0.0 OFFaz=358.8 500.000kwW
] Az= 0.0 COFFaz=178.3 )
73 dB  1n 1 Hz E¥ Bandwidth

Version 01.0619W

RECO33

Radiation Angle

[degrees]

[ 1> ko
BO>[C"] »>= 40
10> »>= 30
30- = 20
20 »>= 10
10>
LUF MUF

Minimum Maximum

5.00 55.00

Frequency (MHzZ)

[ CCIR coefficients

LUF dashed means

o1z
Time

(UT)
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Profile Maccabim-Jerusalem

MaccabimBait322 ® v Jerualemknesset [ &
e F3E by e ; 2 F3E
PaointzZPaink PaintZPoint
039 e
e % S

101 dBu

/ /\/,M - 56 dew

- 72 dBu

NV - 57 dBu

- 43 dBu

- 29 dBu

- 14 dBu

! r r 0 dBu
am 11206 m 22412 m

Alkitude - Txr 271 meters, R 760 mekers

Antennas - Tx: 200,00 meters, R 200,00 meters, H1: -139,04(G) -89, 310W) -70.42 {Oku)

F9R: 18.2 dByWfm, -117.7 dBm (gain—=17.00) - F5: 61 dBu¥jm, Model att: 3.8 dB - Rx ant: 10.53 dB - IRFHPD: 0 dB
EIRP (maec): 20.04749 \Watts | 13.02 dBW 43.021 dEm free space
FREQUEMNCY: 1800.00000 Mhz - Radiated power: 1.77499 Watts - Losses: 152.9 dB

Devwgout - Attenuation: 28,3 dB - Ground reflections: 0.0 dE - Clutter: 0.0 dB

Distance: 22416 meters - Atmospheric Fade margin (0.1 %) 1,87 dB [ 52=25.000*)

Txi 35,01469 31,53580 271 4DM3

Rt 3513442 31.47024 760 4DM3

W-angle: 1.17%, H-angle: 122,93¢ - loss: 10,53 d& - F3L: 125 dBi

1st 1/Z ellips.: 30,56 m - Earth radius: 3500 km {land) 8500 km {sea) - Rain att,; 0 dE, Gaz, att,: 0,0000 dE
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Coverage of an FM transmitter
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Human Hazards
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Ripple effects amplitying the Risk, Mazar Thesis

http://www.moc.gov.il/new/documents/frequences/MazarThesisOct08.pdf

ocietal and Risk Concerpg

Dr. Haim Mazar (Madjar) mazar@ties.itu.int , mazarh@moc.gov.il Wireless Telecomms Seminar, Nepal Kathmandu 24-28 Nov. 08




http:

www.moc.gov.il/new/documents/frequences/MazarThesisOct08.pdf

Physical Quantities and Units, Mazar Thesis

Quantity Symbol Unit Symbol
Frequency f Hertz Hz
Electric field strength E Volt per metre V/m
Magnetic field strength H Ampere per metre A/m
) ) Tesla T

Magnetic flux density B

Gauss G
Power P Watts W
Specific Absorption Rate SAR Z\r/:rtrg 2507 Ll @l DT 6t W/kg or mW/g

. . Watt per square metre W/im2

Power density or power flux density S

mWatt per square cm mW/cm?

Dr. Haim Mazar (Madjar) mazar@ties.itu.int , mazarh@maoc.gov.il
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Magnetic flux density is commonly measured in units of microtesla (UT) or milligauss (mG); 1 uT = 10 mG.




<3~ ICNIRP/EC, FCC, IEEE reference levels for exposure,

Mazar Thesis http://www.moc.gov.il/new/documents/frequences/MazarThesisOct08.pdf

ICNIRP http://www.icnirp.de/documents/emfgdl.pdf and EC reference levels for exposure

Frer(;LrJ](;r;cy Electric field strength (V/m) Magneuig\'ﬁg S EqUIvg(la(;r;titslgr:f(\\;\lva;\r;ez)p ower Magnetic Flux Density (UT), B
25-800 Hz 250/f 4/f - 5,000/f

400-2000 MHz 1.375f 12 0.0037f 12 /200 0.0046 f 2
2-300 GHz 61 0.16 10 0.2

FCC exposure limits (FCC 2001:67)

Frequency Range MHz EIectr(i\c//Fnisld (E) Magm(e'toi\/cnl]:)ield H Povv(?Tr]\I/Dv?Qrs;%/ (S)
30-300 275 0.073 0.2
300-1500 -- -- /1500

1500-100,000 -- — 1

The new IEEE permissible exposure (IEEE Std C95.1-2005:25, table 9)

Frequency Range MHz Electric Field (E) (V/m) | Magnetic Field H (A/m) RMS poz\v/s;rgg)nsny (S)
100-400 27.5 0.073 2
400-2000 - - /200
2000-5000 - - 10

Dr. Haim Mazar (Madjar) mazar@ties.itu.int , mazarh@maoc.gov.il
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Comparing Of eXposure, Mazar Thesis

http://www.moc.gov.il/new/documents/frequences/MazarThesisOct08.pdf

Derived levels, power density (W/m?2): WHO (International), UK, USA

Frequency range ICNIRP Old NRPB (UK) ANSI (USA)
General Public | Adults and Children | General Public

400-1,550 MHz | /200 41 x107°f2 f /150

1,550 - 2,000 MHz | f /200 100 f /150

Maximal power from handsets: Specific Absorption Rate, SAR (W/kg)
ICNIRP European Community FCC- USA

Portable Devices; General
Population/ Uncontrolled

10 MHz-10 GHz; Localised SAR (Head and Trunk)

2.0; averaged over 10 g tissue 1.6; averaged over 1g tissue
Countries less tolerant of magnetic risk, with more stringent magnetic thresholds
Country Magnetic Flux Density relative to
ICNIRP
Switzerland 0.01
Italy 0.03 (daily mean, for more than 4
hours); 0.1 (for designed lines)
Slovenia 0.1 (for new installations)
Israel 0.1 (proposed in occupational)
Russia 0.1 (Indoor); 0.5 (Outdoor)
Poland 0.75
Greece 0.8
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Je<r ICNIRP- ESTABLISHED EFFECTS OF EMF %‘J

Paolo_Vecchia_i

All effects of EMF that have been established so far
are acute in nature

ELF

Stimulation of electrically excitable tissues

RF

Increase of body temperature (general or local)

Such acute effects occur above given exposure thresholds
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Biologically Eftective Quantities

Frequency
A Power density
(W/m?2)
300 GHz -
SAR (W/k
10 GHz |- { 9
300 MHz — .
SA (J/kg)
110 MHz — Pulsed fields

Current density

(A/m?)
10 MHz -
100 kHz |-
1Hz
Magnetic flux density (T
Static . 2 v (T}
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=
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L

—
.
T

E-field limits C_K_Chou_i

1.E+04
—— ICNIRP (public)
e e e e e e — e = = "ICNIRP (occupational)
N —— IEEE C95.1 (public)
LERO3 T ’ — - - IEEE C95.1 (occupational)

E[V/ ni
|—\
m
&
N
1
|
I
h
1
AN
\:\
‘\
I\
|
v
1
) |
II
.
\\E

1.E+01 |

1.E4+00 1 1 1 1 1 1 1 1
1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08 1.E+09 1.E+10 1.E+11 1.E+12

Frequency [Hz]
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portable wireless devices.

o The SAR is determined from
measurements of the E-field (E) in an
anatomically-correct phantom model
(liguid-filled dielectric shell) of the

human head using a robotically-scanned
miniature E-field probe.

o The SAR Is determined from the

relationship between E and the tissue
properties, i.e.,

SAR = o|E?|/p

where o Is the liquid conductivity and p Is
the density
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The Human Eye, Moshe Netzer
THE HUMAN EYE

SUSCEPTIBILITY CHRACTERISTICS -
@ POOR BLOOD CIRCULATION PIGMENT LAYER |

@ LENSE OPACITY | -
@ CORNEA DAMAGE
@ RETINA RAPTURE

CHOROID

RETINA

FOVEA

CORNEA

IRIS VIRTEOUS HUMOR
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and Communications Telecommunication Communications MASHAV-Center for
Government of Nepal Union Government of Israel International Cooperation

Government of Israel

RE Regulation (exclusive views of the author)
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Items which need to be regulated

. RF allocations to radio services

. Assignment of licence and RF to Tx Stations

. Type approval of equipment; not in CE countries
. Fee collection

. Notifying ITU to the Main International Frequency
Register (MIFR)

. Coordination with neighbour countries (no borders to
the electromagnetic waves)

/. External relations: toward regional commissions
(CEPT) for European Countries) and International
(ITU)

a &~ W DN P

o
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ims of the national Spectrum Managementt

= Protect the licensed channels

= Solve & avoid interference

= Design long and short range RF spectrum

= Support Engineering: Propagation, DTM

= Assist in solving Near-field, Co-site, Co-ship, Co-a/c
= Exercise and simulate for dense RF environment

= Advance new RF technologies; Participate in R&D
of new RF systems

= Coordinate with other Administrations
= Consult all stake holders and interest orgs
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RF Spectrum Management in Developed Countries

Wealthy countries are similar A/ happy families are alike (so begins Leo
Tolstoy's Anna Karenina)

‘Government of the people, by the people, for the people’ 4
Lincoln ‘ Gettysburg Address (19.11.1863)

Optimal use of RF

Fair, Objective, Transparent, Nondiscriminatory, Proportionate
Flexible, Dynamic

Privatisation, Liberalisation, Competition

Deregulation; Minimum Intervention (learn from Internet);
Light Touch

Neutral Technology

More RF Spectrum and more RF power for Unlicensed
(unprotected devices)

Exempt Receivers from any licensing
Take reasonable risks
All RF operators may pay fees for the RF spectrum
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FCC and N'TTA differences; Bill Luther

FCC is an independent regulatory agency, but the U.S. Congress
has oversight and controls the FCC budget

The U.S. president delegates government spectrum
management (SM) responsibilities to NTIA, which acts as
telecom advisor to the president

FCC and NTIA serve different interests

o Federal laws such as the Communications Act and Administrative
Procedure Act (APA) govern the FCC interaction with the public
and the management of public resources (RF Spectrum)

o NTIA only governs federal government operations and is not held
to the same laws as the FCC

o Changes to SM policy in government are not subject to rule
making (APA); no notice to private industry is required

o Private industry can meet with NTIA without filing Ex Parte
notices
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S National Spectrum Management, Bill Luther B

fa

NATIONAL SPECTRUM MANAGEMENT
COMMUNICATIONS ACT OF 1934

THE CONGRESS

THE PRESIDENT

2 NTIA

Federal Government

THE JUDICIARY

Non-Federal

Users COORDINATION Government Users

National Defense
Law Enforcement & Security Business
Transportation State & Local Government
Resource Mgt Control Entertainment
Emergencies Commercial
Other Service Private

ADVISORY T 1 LIAISON

INTERDEPARTMENT RADIO ADVISORY COMMITTEE
19 Federal Agencies RepresentediChaired by NTIA
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Key ot Abbreviations

CPG: Conference Preparatory Group (preparations for ITU Conferences); CRAF:
Committee on Radio Astronomy Frequencies; EBU: European Broadcasting Union;
EC: European Commission; ECC: Electronic Communications Committee (formerly
European Radiocommunications Committee ERC); EICTA: European Information
and Communications Technology Industry Association; ERG: European Regulators
Group (EC body); ERO: European Radiocommunications Office; ESA: European
Space Agency; ESOA: European Satellite Operators Association; ETNO: European
Telecommunications Network Operators; EUMETNET: European National
Meteorological Services; FLO Forward Link Only; FM: Frequency Management;
IARU: International Amateur Radio Union; IMO International Maritime
Organisation; IRG: Independent Regulators Group (pan-European body); NRA:
National Regulatory Authority; NNA: Numbering, Naming and Addressing (non
RF); Project Teams PT PT;: IMT2000, PT,: TRIS Technical Regulation and
Interconnection Standards, PTg: Maritime issues; Task Groups TG: UWB (TG3) and
Digital Dividend (TG4). RA: Radio Affairs (Radio and e-Communications); RRC:
Regional Commonwealth in Communications; R&TTE CA: The Radio and
Telecommunications Terminal Equipment Compliance Association; RSPG: Radio
Spectrum Policy Group (EC body); RSC: Radio Spectrum Committee (EC body); SE:
Spectrum Engineering. Industry Stakeholders, namely companies, consultants,
industry groups and international agencies, contribute to the ECC Working Groups.
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B, A

Standard TV Cellular Main Power [Spurious Human Hazards
. ) standardised and TV Emissions )

Analog Digital Bandwidth frames/s Base Stations |Handsets

Europe PAL-SECAM |DVB-T 7-8 MHz UMTS/ TETRA 50 Hz Stringent Flexible

North America [NTSC ATSC 6 MHz CDMA2000 60 Hz Flexible Stringent

PP10Tables/Standards%20and%20thresholdsEU US.doc
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Strategies

belonging)  and

US and EU suspend geography
and national cultural attributes
(language, tradition, sense of
regional
organisations to influence the
regulation and standards

Instincts
Follow countries that
you feel belonging to.
Vagueness? Sympathy
vs. distrust. Decision
making itself is a
source of controversy.
EU and US: to sell
wireless  equipment
and networked services,
e.g. UMTS, SECAM,
PAL, DVB-T, or
CDMA2000, NTSC
and ATSC. Distrust to
US leads to EU
standards. US $ vs EU
Francophone countries
follow  France; left
driving countries follow
UK. 110V/60 Hz mains,
01 country code,
transfer of power to the
US and US Dollar as
official currency reveal
the US influence.
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Requlation and Standards

EU versus US:

nd follow EU [

| Goal: Affect a
0

r

—>| Goal: Affect and follow US |

Classifications

Geography

ITU Region 2:

Region 3: part of

Americas

Asia, Oceania. EU or US?

Region 1: Europe,
Africa, part of Asia

Culture and Geopolitical Influence

: Values 1
i Independent solutions |
tor ‘climb atop the
¢ shoulders of giants’. |
i dependence vs. sovereignty, 3

: national RF allocation
! & standards. To belong;

|
y common understanding and |
! knowledge, collective !

i unconscious and constructs; |
I

language, legal origin |
i and colonial heritage; !

_________________________________

Values EU

* Central planning.
i Harmonisation; civil
i law. Solidarity. Stringent :

US, Canada

APT; Oceania;
China/Japan

EU; ARB, RUS

i limits  for  spurious |

i emissions; worst-case |

Means
{ﬁr—#

Regulation and Standards

FCC and CFR47

|

CEPT and ETSI

Regional Membership ﬂ

CITEL, NAFTA

ATU, ARBleague,
CAPTEF, CTO,
EFTA, ECOWAS,
FRATEL, RCC,

CANTO,

REGULATEL _TRASA

APT, CAATEL, IIRSA,
MERCOSUR, REGULATEL

i scenarios, precaution. |
! Self  Conformity by |
i_manufacturers. |

Values US }
arket-based solutions.
Ego-oriented; individual !
entrepreneurs. English
speaking, Protestantism,
common law. More power :

and bandwidth to |
unlicensed RF  bands. |
Neutral technology;

flexibility; property; trust. !
Competition and Efficiency




Furope vs the US:  Values

1. Independent solutions or ‘climb atop the shoulders
of giants’

2. Dependence vs. Sovereignty

3. National RF allocation & standards

4. To belong; common understanding and knowledge,
collective unconscious and constructs

5. Language

6. Legal origin and colonial heritage

/. State politics

8. Subregion and neighbours
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Values EU and the US

1. EU: Central planning. Harmonisation; civil

law. Solidarity. Stringent limits for spurious
emissions; worst-case scenarios, precaution.
Self Conformity by manufacturers.

. USA: Market-based solutions. Ego-oriented;
Individual entrepreneurs. English speaking,
Protestantism, common law.  More power
and bandwidth to unlicensed RF bands.
Neutral technology; flexibility; property;
trust. Competition and Efficiency.
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Strategles

1. US and EU suspend geography and national cultural

attributes
2. language, tradition, sense of belonging, clothes,

food,;
3. regional organisations to influence the regulation

and standards
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Instincts E’i

Follow countries that you feel belonging to.
Vagueness? Sympathy vs. distrust.

Decision making itself Is a source of controversy.
EU and US: to sell wireless equipment and
networked services, e.g. UMTS, SECAM, PAL,
DVB-T, or CDMA2000, NTSC and ATSC.

Distrust to US leads to EU standards.

US$vsEU

Francophone countries follow France; left driving
countries follow UK. 110V/60 Hz mains, 01
country code, transfer of power to the US and US
Dollar as official currency reveal the US influence.

B~ wn e

~ O O
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Spectrum Control (see ITU-R HB)

* Predicted Data

» Reference data base: Users, Sites, Equipment

» Tasks & Priorities according to importance (safety of
life), decision makers policy & Interference Complaints
* Measurements

» Eyes & Ears : Frequency, Occupancy, Power,
Bandwidth, Direction, Polarization, Modulation.

* Infringements : Discrepancies, lllegal stations,
Comparison to licenses.

« Common Display : Visualisation of Monitoring results
‘ and Licence Data

* Records, Reports, Statistical data & Analysis

4ZmmMmO>Z2>
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* Broadcasting — Video,Audio & data, Fixed, Mobile...
» Coverage & Quality
* Interference : Complaints, Investigation, Identification,

 Enforcement and Clearance
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