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The purpose of these notes is to provide an overview of current
concepts of the radio frequency spectrum and geostationary satellite
orbit resources.

1. INTRODUCTION

When Jean-Baptiste Fourier (1763 - 1830) insroduced his transforms of
mathematical functions from time-domain into frequency-domain and back, this
was considered nothing more as a curious method of solving differential
equations. His approach was strongly criticized and generated lots of doubts.
Only after resolving the doubts by Dirichlet and Ricmann, the Fourier
Transforms and Fourier Spectrum became basic tools in many branches of
science. The term “radio-frequency spectrum" sppeared when it has been found
that the concept of Fourier spectrum allows for defining conditions of
interference-free operation of radio stations.

Today, the radio frequency spectrum is considered as a  physical,
measurable quantity, and not only as an sbstract mathematical concept, The
ability to carry energy and messages at & distance at no cost, and at the speed of
light, made the spectrum of radio waves Tecognized as & valuable resource of the
mankind. Free access to¢ if, from any place and at any time, added vo its
attractiveness and made it & common welfare from Which everyone can profit.
The geostationary satellite orbit as a whique place for radio stations has been
included later to the resource concept. The role of this resource is considered so
important that its use is regulated by an international treaty - the International
Telecommunication Convention. One of the articles of the treaty reads

"... radio frequencies and geosiationary satellite orbit are limited
natural resources [...}:  they must be used efficienily and economicaily f...J
50 that countries {...] may have equitable access to doth..." [LT.C., Art. 13-
154)

2. RESOURCE SHARING
Pasture model

Common resources have several advantages and one disadvantage. The
disadvantage has been explained best by Hardin taking as an example & pasture
open 10 all. We will follow his example. Because the pasture is free of charge, it
is 10 be expected that each herdsman try 10 maintain as many cattle on it as
possible. Such an arrangement works well until the number of beast reaches the
carrying capacity of the land. At this point, the inherent logic of the commons
proceeds as follows:
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“As o rational being, each herdsman seeks to maximize his gain.
Explicitly or implicitly, more or less consciously, he asks What is the utility
to me of adding one more animal to my herd?" This wtility has one negalive
and one positive component:

1) The positive component is a function of the increment of one
animal. Since the herdsman receives all the proceeds from the sale of the
additional animal, the positive utility is nearly +1.

2) The negative componeni is o function of the additional overgrazing
created by one more animal. Since. however, the effects of overgrazing are
shared by all herdsmen, the negative wiility for any particular decision-
making herdsman is only a fraction of -1.

Adding together the compenent partial wtilities, the rational herdsman
concludes that the only sensible course for him to pursue is to add another
animal to kis herd. And amother; and onother... But this is the conclusion
reached by each and every rational herdsman sharing a commons. Therein is
a tragedy. Each man is locked into a system that compels him lo increase
his herd withowt Iimit - in a world that is limited. Ruin is the destination
toward which all men rush, each pursuing his own best interest in a sociely
that believes in the freedom of the commons.” [Hardin, 1968)

Is this spplicable to the radio frequency spectrum?..The pasture and the
spectrum are quite different objects, but there are some analogies. Indeed, the
spectrum cannot be fenced. [1 goes un-priced at international conferences. It
has limited carrying capacity. A portion of spectrum space occupied by one
radio system is denied to other opes - like m in the case of cattle and pasture.
If, therefore, one replaces the word *animal* in Hardin's text by "radio station”
and the word “herdsman® by "Administration™, on¢ obtains & *pasture” model of
unrestricted use of the radio spectrum snd geostationary orbit resources on the
international scale.

Sharing problems

One conclusion from the free pasture model is that the complete freedom in
use of a limited common resource may wark satisfactorily it the competitive
interactions between the users of the resource are negligible. As the number of
users grows, competitive interactions develop, the resource becomes scarce, and
the concept of its free use has to be abandoned.

OQur past confirms that the approach to common resources changes, as does
our understanding of their social role and value. Firstly, the commons in food
gathering were abandoned. Farmland has been enclosed, and there is no free
farmland now. Later, open pastures and free hunting and fishing areas have
been restricted. Finally, using the commons as a place for waste disposal has
been abandoned and restrictions on the disposal of sewage are now widely
accepted throughout the world.  Finally, a concept of eavitonment and
environmental protection was developed, and restrictions were also imposed on
the pollution of land, water and air. Suddenly, we have discovered that many
common resources, considered long time as being inexhaustible, have become
scarce The issue of their rational use, conservation, and protection has become
an essential element, on national and world-wide scales. Not so long ago, the
radio spectrum and geostationary satellite orbit were added to the list of such
resources critical for further development of mankind.

When discussing the future of resource sharing one can indicate several
general approaches:

“We might sell them off as privaic properiy. We might keep them as
public property, but allocate the right to enter them. The allocation might be
on ihe basis of wealth, by the use of an auction system. It might be on the
basis of merit, as defined by some agreed-upon standards. It might be by
lottery. Or it might be on a first-come, first-served basis... " [Hardin,
op.cit.]

Any of the options listed sbove implies that an organizational framework
exists to allow for such activities, and to monitor il all commonly agreed rules
and restrictions imposed on the resource use are observed by all parties involved,
Negotiations, consultations, and coordination among all parties are necessary
elements here.

Preferences

Which of the approaches mbove is the best one? Each of them can be
questionable and objectionable, dependent on the criteria applied. The final
answer fesults from human preferences of goals and hierarchies of values.
Although discussion of non-technical issues is beyond the scope of this
contribution, one must reslize that, in practice, it is often impossible to separate
technical aspects of resource sharing from their economical, social and political
contexts, and from the interests affected by them. The sharing problem cannot
be solved by technical means only, without involving systems of human values
and ideas. Firey points out here a significant sole of the social tradition and
experience:

=Every adoptable set of resource process will be one which is valued by
some population in terms of that population’s own system of activities. ...
Where a resource process involves beliefs and techniques that are incongruous
with a people’s system of octivities, it will not be adopted by that people,
however superior it may be by other criteria.” (Firey, 1977]

However, in a pluralistic society the goals and hierarchies of values are often
inconsistent and conflicting. Brooks indicates that

= The hierorchies of values and preferences of each individual are
inconsistent among themselves, and different individuals and [..] groups
have different hierarchies of preferences which are partially in conflict with
those of other groups and individuals.  Furthermore. the capacities of
different groups to implement their preferences [...] are widely dif, ferent.”
[Brooks, 1972]

*Inconsistency” here means that progress toward realization of one value or
goal is destructive of another value or goal held by the same individual or group,
and the lack of consistency may be not obvious to the individual or group
concerned. "Conflicting” goals or values mean such goals or values of two groups
that cannot be served by the same policies; what enhances one will degrade the
ather. These remarks are of special significance in an international context of
the world-wide issues of radio spectrum sharing.



3. COMPETITION AND COOPERATION

Early years .

It was at the turn-out of the century that a national and then world-wide
competition in radio communication has been initiated and, consequently, mutual
interference begua to limit further developments. Soon, however, major parties
involved came to a conclusion that it would bo more beneficial to coordinate
their activities than to continue their rivalry. Such an activity started on a local
scale, the global nmture of the problem required, however, an international
cooperation.  Indeed, only two years after the Ffirst transatlantic wireless
communication had astonished the worid, the first international conference was
called to improve tho use of the radio frequency spectrum. This was the
preliminasy conference held in Berlin, in 1903. The first period of anarchy and
uncontrolled sivalry in radic ¢communication has been terminated.

The first radio conference held three years later, also in Berlin, agreed
upon the principles of radio spectrum use, A major siep at the conference was,
among others, the establishment of the International Bureaw in Bern. The
operating froquencies of radio stations have been notified and a register of the
use of the radio frequency spectrum, worldwide was maintained there. Today,
that function is being continued by the International Frequency Registration
Board {IFRB) of the International Telecommunication Union {(ITU).

International treaties are ail part of & world-wide game nalions agree (o
play following certain rules. Agreement is an inevimble ingredient here, and
there is nothing o force nations ta abide by thess rules. If competitive forces are
stronger than cooperative ones, na progress could be made. In Berlin, due to
competition and conflict of interests, it was not pessible 1o reach consensus on
issues related to inter-communications. Soon, & test of life showed in full light
tragic consequences of that fact. [t was the well-known disaster of Titanic in
April 1912. Only three months Inter, snd aot without the influence of public
opinion shocked by the disaster, the second radio conference was held in London,
It finally settled the problem of inter- communication between ships on the sea,

The World War 1 interrupted internationnal cooperation in the radio
spectrum use for several years. Scionce and technology was harnessed to military
applications.” Radio got an enormous impetus. When the war finished, all the
scientific progress, technical developments and operational experience gained
during the war time could be used again in peaceful sarvice for the mankind. In
Rew circumsiances, however, the old radio regulations were not appropriate, and
the next international radio conference was catled on in Washington in 1927. The
problem of frequency demand exceeding the gvailable spectrum  resource
Appeared sharply there, and the unending baitle of frequencies had started.

The spectrum shortage problem was sertled in Washington by two actions.
On the one hand more stringent technical standards, limiting the radiation out-of
the band necessary for transmission of information were imposed. (The demand
for a complete outlawing of specirally inefficient spark-type transmitters was
pressed stroagly, but not passed because of competition and conflict interests.) On
the other hand the resource limits defined in old radio regulations were moved to
embrace additional portions of spectrum, not yet reguilated. That approach was
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copied aiso at other conferences. The drawing up of the first Frequency
Allocation Table, regulating the use of the spectrum within these limits, was
considered as one of the most important results of the Washington conference.
Another one was to set up the International Radio Consultative Committee,
CCIR,

The first radio conferences established principles of: (a) the use of radio
specirum as a public resource, free of charge, (b) equitable access two it, (c)
negotiations and consensus, (d) allocation and administrative regulation of its
use, {¢) electromagnetic compatibility, however without using this term which
has been introduced later. It is interesting 10 note that these principles have been
maintained until the present time, with minor changes only.

International Telscommunication Union

The use of the radio frequency spectrum is now coordinated through the
International Telecommunication Union {ITU). The ITU, a Specialized Agency
of the United Nations since 1947, is the oldest of all exigting intergovernmenial
agencies, with a line-age dating back to 1865. The purpases and structure of ITU
are prescribed by the International Telecommunication Convention, with the
object *...of facilitaling peacejul relations, international cooperation. and economic
and social development... * This activity should not interfere with the principle
of sovereignty, and " ...he sovereign rights of each country to regulaie its
telecommunications,..* are (ully recognized [1.T.C., Preamble]

The ITU Members, towiling more than 160 countries, agreed that the
Uaion shall, in particular:

“a) effect allocation of the radio frequency spectrum and regisiration
of radio frequency assignments in order 1o aveid harmful interference
between radio siations of differens

b) coordinate efforts 10 eliminate harmful inierference between radio
stations of different couriries and o improve the use made of the radio
spectrum;...” [LT.C., Art.4-18, 19)

The agreed gensral rule of rational use of the resource is "... to limit
the number of frequencies and the specirum space used to the minimum .."
and ... to apply the lalest techmical advances as soon as possible.” [IT.C.,
Ar1.33}

In accordance with the Convention, the Members of the Union meet, at
intervals of normally about five years, at a Plenipotentiary Conference. This is
the supreme suthotity which lays down the general policy of the ITU, reviews
the Union’s work and revises the Convention itself, if i1 considers this necessary,
It also esiablishes the calendar of all ITU conferences, and sets a limit on
expenditure until the next plenipotentiary confarence. The last such s conference
was held in 1989.

anmannan mae- = - -



4. SHARING THE SPECTRUM RESQURCE
Radio conferences

Further to the tradition originated in Berlin, London, and Washington, the
use of the radio frequency spectrum is based on allocations of frequencies by
geographical regions and service categories a3 agreed by all Members of ITU at
Radio Conferences, called “Administrative®. These may be world-wide or
regional, general or specialized.  They may establith and revise Radio
Regulations, including frequency allocations, operational rules, standards, and
procedures relevant to the spectrum sharing.

Since 1947, when ITU joined the United Nations System, there were two
general world administrative radio conferences (WARC), one in 1959, and the
other in 1979, and 3eversl speciatized and/or regional conferences. The general
WARCs were authorized to deal with virtuaily all aspects of spectrum use. The
specialized WARCS deslt with particutar services and/or particular portions of the
spectrum, The regional conferences were held to solve specific spectrum use
problems within particular geographic regions. As known, there are three 1TU
regiont Region | which consists of Europe, Africa and part of Asia (USSR and
Mongolia), Region 2, containing both Americas, and Region 3, consisting of
Australia, Oceania, and the remainder of Asia.

Dual approach

As mentioned, the use of the radio frequency spectrum has been based on
frequency sllocation principles, which differentiate between geographical regions
and service categories. The basic rules sgreed upon by the ITU Members are
published in the Table of Frequency Allocations of the Radio Regulations.
*Allocation® means the distribution of a frequency band to a service, “allotment”
- 10 % country ot ares, and "assignment” - to an individual radio ststion.

Some allocations are world-wide, ie. identical throughout the world. In
other cases allocations are segional, i.e. uniform throughout a particular region.
In stitl other cases there are allocations specific for a single country, or & group
of countries, in addition to, or different from, allocations approved by a majority
of ITU Members (so-called "footnotes® to the Table of Frequency Allocations).
Frequencies allocated to a service are available for use by any country, subject
only to the limitations contsined in the Radio Regulations,

A country can make sn assignment to an individual station, or an
assignment plan to a whole network of its stations. [f that vse could cause
interference outside the territory of the country, or if it is intended for
international communication, or il the assigning country seeks an international
recognition for its assignment, it has to notify the IFRB and seek registration in
the internationa! list of frequency assignments and geostationary ocbit positions.
Each (requency and orbit assignment notified to IFRB is examined for its
conformity with the radio regulations (including the Table of Frequency
Allgcations) and for compatibility with other registered frequency assignments
and plans. If the result of examination is favourable, the assignment is registered,
if not - it is returned for modification as appropriate, An advice concerning
selection of proper frequency is given by IFRB, if needed.

This is so-called "sd hoc® frequency distribution method. There is one
exception to that rule: there are certain services which are subject 10 10 called ™2
priori" frequency plans. In "a priori® frequency plans specific bands allocated
to specific services are parcelled among individual countries well in advance of
their real use. Individual regions may have various allotment plans for specific
services ¢.g. broadcasting, within their respective areas. "A priori® plans make a2
one-time distribution of the spectrum resource on the basis of present needs and
predicted future requirements of all parties interested.

For services subject to *a priori® planning, s frequency sssignment in
accordance with the plan receives protection from any other sssignment. In the
case of "ad-hoc" managed services, the protection is given in accordance with
priority of registration dates - a system frequently described as “first- come,
first-served”. In addition to that, one differentiates between three service
categories: primary, permitted, and secondary. Primary and permiited services
have equal rights, except when planning, stations of & primary service have
priority in choice of frequencies. Sutions of 3 secondsry service should neither
cause interference to, nor claim protection against interference from, stations of
primary and permitted services,

Discussion

Advocates of the "a priori® approach indicate that the “ad hoc” method is
not fair because it transfer all the burden of coordination to the latecomers which
must accommodate their requirements to the existing uses of the resource. It also
excludes application of some optimization techniques that require full information
about the spectrum uses. Replacement of "sd hoc™ methods by systematic plans
aliows for fair sharing the spectrum resource and for its rational use, they say.
Opponents, on the other hand, poibt out that "a priori® planning approach
freezes technological progress.  Moreover, is impossible to predict future
requitements with a needed degree of accuracy, and plans based on un-realistic
data are of no practical value. In addition, as the radio spectrum is available at
no cost, there is no mechanism 1o limit the requirements. Although the
International Telecommunication Convention calls for minimizing the use of the
spectrum/orbit resource,

= .each couniry has an incentive 10 overstale ils requirements, and
there are few accepted or objective crileria for evalualing each country's
stated need. In fact, the individual couniry itself may have only the
dimmest perception of its needs over the time period for which the plan is to
be constructed ... Under these circumstances. it is easy to make a case that
allotment plans are not only difficult 1o consiruct, but when constructed will
lead to a waste of resources as frequencies and orbit positions are
‘warehoused’ 1o meet future, indeterminate needs..”[ Robinson, 1980}

One of the main advantages of the "ad-hoc* spectrum distribution is that it
eliminates the "warehousing” problem, according to its advocates. Although that
problem could be - at least in theory - alleviated also in the "a priori” planning
approach, either by allowing frequency allotments to be transferred to another
country or by imposing a condition of use within a specific period of time, or by
imposing a tax or price system, nothing has been done till now.



5. TECHNICAL ASPECTS

As nientioned, a "used” or “occupied” portion of the spectrum/orbit resource
means “denied to others”. In this connection we have to distinguish between the
physical and administrative denials [Berry, 1977). The space physically denied
depends on numerous processes and parameters which can be only roughly
estimated, aad is difficult to define with a ptecision. Thus, in order to simplify
spectrum management, the administrative deaial is usually used in organizational
processiag as a practical approximation to physical denial. Consequently, the
space is administratively denied by spectrum management rules even if it is really
not physically denied. Ons of the means to improve the use of the spectrum
resource consist, therefore, in making (1) more precise estimations for physical
denials, and (2) better approximations of adminisirative denials to them. To do
that, however, further progress in radio sciences seems to be nseded,

There are millions and millions of transmitters and receivers around the
world, mutually interacting by means of radic waves, They would dissolve into
chaos without a proper place assigaed 1o each of them. Spectrum managers have
1o determine their operating frequencies and times, powers, antenna locations,
heights, and patterns, a3 well as signal structures and signal processing methods,
At the same time they have 0 flt in with budget, technology and other
constraints. One can found here some similarity 10 the problems encountered in
other fields. Indeed, radio spectrum management problem is a special case of a
more general problem, which can be formulated as follows: given & collection of
consumers who place demands upon s set of resousces, find an assignment of
Coasumers to resousces that satisfiss various constraints and that minimizes (or in
Some cases mazimizes) s given objective function [Hale, 1980).

The usual question in optimization procedures is (in addition to the problem
of the selection of proper objective function and identifying relevant coastraints),
how much time or bow much work is required to find the solution. Sometimes,
the exhaustive inspection of sil pomsible solutions, their inter-comparison, and
selection the best ooe, is the only exact method available. In our case,
unfortuastely, due to the complex jnteractions and an enormous amount of
required data, any attempt to apply rigorous formal methods to real-life
situations leads 1o the “iwrinsically difficult® or “intractable” mathematical
problems which cannot be solved in practice [Stockmeyer and Chandra, 19791

As B0 exact solution method realizable is known, various informal,
approximate, and heuristic methods have to be applied instead {Hale, 1980,
Struzak, 1982). Despite all efforts made, frequency management is still not yet
based on siringent scientific and techaicai criteria {Sviridenko, 1977). Onec may
hope that some techniques and approaches doveloped in other areas, such as
operation rescarch, mathematical programming, graph theory, system theory,
game theory, and computer simulation techniques could find applications in
spectrum managemont problems, still waiting for efficient solutions.

6. CONCLUDING REMARKS

The disproportion between the demand for radio spectrum  and
geostationary orbit positions on one hand, and the available resource capacity on

IRFBCRSR.DOC - R.G. Strussk - 4398 - 19/13/00 - pags 9/13

the other hand, calls for reconsideration of the existing order in the
spectrum/orbit use. As mentioned, the current practice is based on the
administrative allotment concept and "service separation® philosophy, elaborated
at the times of the first radio conferences, In the meantime, the population of
radio stations increased enormously, new radio technologies have been
introduced, and the political situation over the world has changed dramatically.
Many new countries appeared in the ITU family, with new needs, Digital signal
processing, microelectronics, and computer technology opened new horizons for
integration of services and techaiques, and spread-spectrum techniques
revolutionized the concept of frequency channe] use. To follow these changes,
proposals are published from time 10 time that the existing administrative
regulation systern should be replaced by a competitive market economy
mechanism. Such a deregulation is urged as a means of allowing market forces 10
distribute spectrum/orbit equitably 10 the market seciors where demand is
greatest.  Advocates of this idea indicate that it maich the demand 10 the
available resource capacity. Moreover, relying upon administrative decision-
making is inferior to relying on market forces becauss decisians are arbitrary and
often mistaken in determining what is the best interest of users [Webbing, 1977,
Deregulation, 1987]. .

One expected that WARC 79, the largest general conference in the history
of the ITU, would be a major vehicle for debating a new order of the
spectrum/orbit use. In reality WARC'?9 did not established sny new principles,
and

"..it was rather to adjust existing regulations governing spectrum
allocations and use to accommodate new and future reguirements. The
debate  on general principles was left essentinlly untouched by the
WARC..."f{ Robinson 1980).

Haw radio communication activities can be developed to the advantage of
all nations, raises global implications. Although the necessity of international
coordination in the spectrum use is generally understood, i1 is Dot always clear
whether coordination is desired in order to resolve confligls where parties adhere
to their own individual objectives, or ja order to wohleve certsin common,
collectively sgreed objectives. Spectrum/orbit sharing, world-wide, requires
every nation to study the best ways of the use of these resources, as well as o
study the nations’ needs and elaborate sn adequate position and effective
interface for negotiations in the international framework. The technical elements
of that process remain very imporiant and deserving the most competent
artention, It seqms that many problems encouatered in the present use of the
radio spectrum and geostationary orbit are symptoms of Insdequacies in our
knowledge, and that further scientific efforts may offer practical solutions. The
specific role of scionce has been best described by Gvishianl:

"..By its very nature, science is well equipped for imternationally
coordinated efforts directed to the solution of common problems. Science is
universal, independemt of nationalily, ideological comvictions or political
orientation, which makes joint efforts much easier than in any other field.."
[Gvishiani, 1982]

As the time between scientific discovery and its application becomes shorter
and shorter, it is more and more difTicult 1o separate the pure and applied aspecis

i
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of disciplines, and the need for closer collaboration between scientist and
engineers becomes essential more then ever.

Note: The views expressed herein are those of the author and do not
necessarily reflect those of CCIR or ITU.
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3 - 30 KHZ: VERY LOW FREQUENCIES - VLF

* 98

COMBMUNICATION USES:

LONG DISTANCE NARROW-BAND COMMUNICATIONS.

RADIONAVIGATION (OMEGA SYSTEM).
STANDARD TIME & FREQUENCY BROADCAST.

NON-COMM. USES:
INDUCTION HEATING.
POWER INVERTERS.
MEDICAL & BIOLOGICAL APPLICATIONS.

PROPAGATION:

GUIDED WAVES BETWEEN THE EARTH SURFACE AND THE
LOWER IONOSPHERE, LITTLE AFFECTED BY IONOSPHERIC

DISTURBANCES. PENETRATES OCEAN WATERS.

RANGE:
SEVERAL THOUSAND km.

- - 1O
EVERGY quavTvM h-f) . 12.07 - 1.2. 0 vy

9

ety =1602-10 1 b= ec2. 153 1. Pawilomd?

30 - 300 KHZ: LOW FREQUENCIES - LF

.

COMMUNICATION USES:
LONG DISTANCE NARROW-BAND COMMUNICATIONS.
RADIONAVIGATION (LORANC & DECCA SYSTEMS).
STANDARD TIME & FREQUENCY BROADCAST.

NON-COMM. USES:
INDUCTION HEATING.
POWER INVERTERS.
ULTRASONIC PROCESSES
MEDICAL & BIOLOGICAL APPLICATIONS.

PROPAGATION:
SURFACE WAVE AND SKY WAVE REFLECTED IN THE

LOWER IONOSPHERE (REGIONS: UPPER D AND LOWER E).

LITTLE AFFECTED BY MONOSPHERIC DISTURBANCES.

RANGE:
SEVERAL THOUSAND km (MULTIPLE HOPS RANGE).

ENEREY quanTum: 12.6% - 1207 v



300 kHz - 3 MHZ: MEDIUM FREQUENCIES

* a0

COMMUNICATION USES:
BROADCASTING.
MARINE & LAND MOBLE SERVICES.
RADIONAVIGATION (LORANA SYSTEM).

NON-COMM. USES:
INDUCTION HEATING.
ULTRASONIC PROCESSES.
POWER INVERTERS.
MEDICAL & BIOLOGICAL APPLICATIONS.

PROPAGATION:
SURFACE WAVE FOR SHORT DISTANCES.
SKY WAVE REFLECTED IN THE IONOSPHERE
(E & LOWER F REGIONS) FOR LONG DISTANCES.
AFFECTED BY JONOSPHERIC DISTURBANCES.
WNTERFERENCE AND FADING AT NIGHT.

RANGE: I
FEW THOUSAND km FOR IONOSPHERIC VAWE.

ENEREY @QUANMIV M- 12062 — 12.00 v

3 - 30 MHZ: HIGH FREQUENCIES - HF

* & &

COMMUNICATION USES:
BROADCASTING {LONG RANGE).
MARINE & LAND MOBILE SERVICES.
POINT-TO-POINT COMMUNICATIONS.

NON-COMM. USES:
DIELECTRIC & INDUCTION HEATING.
ULTRASONIC PROCESSES.
RF PLASMA GENERATION.
POWER INVERTERS.
MEDICAL & BIOLOGICAL APPLICATIONS.

PROPAGATION:
IONOSPHERIC WAVE (E AND ESPECIALLY F REGIONS)
AFFECTED BY IONOSPHERIC DISTURBANCES.
INTERFERENCE AND FADING.

RANGE:
SEVERAL THOUSAND km.

Eversy quammn: 12457 12.457 oV



300 MHZ - 3 GHZ: ULTRA HIGH FREQUENCIES - UHF

- ® 3

30 - 300 MHZ: VERY HIGH FREQUENCIES - VHF COMMUNICATION USES:
s s s LINE-OF-SIGHT COMMUNICATIONS.
COMMUNICATION USES: TV BROADCASTING.
BROADCASTING FM & TV, RADAR.
LAND, AERONAUTICAL & MARINE MOBILE SERVICES. SURFACE POINT-TO-POINT COMMUNICATIONS.
POINT-TO-POINT COMMUNICATIONS. SATELLITE COMMUNICATIONS.

SHORT RANGE (CELLULAR) MOBILE SYSTEMS.

NON-COMM. USES: RURAL TELECOMMUNICATION SYSTEMS.

DIELECTRIC HEATING.

FOOD PROCESSING. NON-COMM. USES:
RF PLASMA GENERATION. DIELECTRIC HEATING.
MEDICAL & BIOLOGICAL APPLICATIONS. FOOD PROCESSING. INSECT DESINFESTATION.

RF PLASMA GENERATION.

PARTICLE SEPARATION.

CRUMBLING ROCK.

MEDICAL & BIOLOGICAL APPLICATIONS.

PROPAGATION:
LINE-OF-SIGHT PROPAGATION IN THE TROPOSPHERE.
TROPOSPHERIC & IONOSPHERIC SCATTERING.

MOUNTAIN & URBAN DIFFRACTION, SHIELDING,
REFLECTIONS. PROPAGATION:

LINE-OF-SIGHT PROPAGATION IN THE TROPOSPHERE.
TROPOSPHERIC & IONOSPHERIC SCATYERING.
DIFFRACTION, REFLECTIONS & SHIELDING N
MOUNTAINS AND IN URBAN AREAS.

RANGE:
HORIZON (SEVERAL TEN km) FOR L.0O.S. COMMUNICATIONS.
ABOUT 600 km FOR TROPOSCATTER COMMUNICATIONS.

-EMERGY QUAMTVH ! 1206 _ 1246 € ot/
RANGE:

HORIZON (SEVERAL TEN km) FOR L.0.S. COMMUNICATIONS.
ABOUT 600 km FOR TROPOSCATTER COMMUNICATIONS.

EVERSY auinium @ 1200 42457



3 - 30 GHZ: SUPER HIGH FREQUENCIES - SHF

s &

COMMUNICATION USES:

SATELLITE & SURFACE LINE-OF-SIGHT
COMMUNICATION SYSTEMS.

NON-COMM. USES:
INSECT DESINFESTATION.
RF PLASMA GENERATION.
PARTICLE SEPARATION.
MEDICAL & BIOLOGICAL APPUCATIONS.
MICROWAVE POWER TRANSMISSION (FUTURE).

PROPAGATION:

LINE-OF-SIGHT PROPAGATION IN THE TROPOSPHERE.

ATTENUATION BY HYDROMETEORS & ATMOSPHERIC
ABSORPTION (OXYGEN, WATER VAPOR)

RANGE:
HORIZON (SEVERAL TEN km).
ENERSY QuAnTUM! 1200 % r.z-:b'y

TABLEAU 1 1 Les ricepteurs de télévision dens le monde

Réglons Population Nombre da réceptaurs Nombre de récepteurs

(v981) {19} powr 1000 hablitants
{1981)
TOTAL MONDIAL 4,413, 000.000 527.000.00¢ 152

Afrique (sauf

las Etats arabes) 365.000.000 3.700. 000 10
Asle (souf

les Etats srabes) 2.576.000.000 95,000, 00O 17
Etats srabes 169.000.000 9.500.000 L
Europe {avec

1"URSS) 743.000.000 233.000.000 309
Amérigue du Nord 254,000.000 157.000Q.000 [11]
Amérigue Iatine 368.000.000 41,000,000 1
Océenie 23.000.000 &.700.000 il

Source i Annuaire scatistique ds 1'Unesco, 1943,

TABLEAU 2 1 Répartition comparatlve des Smetteurs de télévision
dans les différemes régions

Réglons Superficie Nombre dfématisurs de
Kkilomdtres carris) hlévision classiques

TOTAL MONDIAL 133.126.000 35.000

Afcigue (saufl les Etols srabes) 1. 91.000 160

Asie [ssuf les Etats arsbes) 23,843.000 +2.800

Etats arabes 12.652.000 30

Europe (avac 1'URSS) 27,275.000 21.800

Amérique du Nord 21.513.000 4,700

Amdrique latine 20.,555.000 1.000

Océanle ’ 8.495.000 00

Source : Anpuaire statistique de 1'Unesco, 1983,

41988 10.000 REQuIREMENTS FoR FREQ ASSIEVA,
IN BANDS I, I? & /v ¥For THE AFRICAN TRIES
PROADCASTING AREA O KEICHRIVRING COV

- st -



TABLEAU 3 : Les dix premiers pays sn nombee de tdléspeciateurs

1970 000 % du wial mondial
rial cumulé
1 Etats-Unis 84.500 30,8 30,8
2 URSS 34.800 12,7 43,%
3 Japon 12.883 8,3 51,8
4 Ripublique féchrale d*Allemagne 16750 .1 51,9
$  Roysume-unl .03 3,9 63,8
6 France 10.968 4,0 67,8
7 Italie 92.7117 35 .3
6 Brésil 7.100 1,6 73,9
9 Cansda 7.100 2,6 76,5
10 République Gémocratique allemand 8499 1.6 8,1
1980
1 Elata-Unis 14Z.000 29,5 29,5
2 umrss c. BS.000 17,7 47,2
3 lapen 28.439 5,9 53,1
4  Rbpublique Thosrale d'Allsmagne 20.762 4,3 57,4
5 Roysume-unl wsn 3.8 61,2
& France e 3,3 =5
7 Bréstt 15,000 3,1 61,6
& lmle 13.361 1,8 70,4
% Cesda 11.280 2,3 12,7
0 Espegw 9424 2,0 74,7

Source 1 Scresc Digesc, 1983,

RADICELLA & VERDILE

Table 1.5.2.-1 Radio/Optical spectrum

Frequency band and

Wave kength range

Propagation mode and

Distance covered without

denomination denomination medium relaying
J-30KHz 100-10Km Guided waves between the  Several  thousand  kilo-
(3-30 x 10*Hz) Very  (10-1 x 10°m) carth surface and the lower  meters. Penclrates ocean

Low Frequency (VLF) Miriametric wave

30-300KHz
(3-30 x 10*Hz)
Low Frequency
(LF)

300KHz-3MHz
(3-30 x 10° Hz)
Medium Fre-
quency (MF)

3-30MHz
(3-30 x 10* Hz)
High Frequency
(HF)

30-300 MHz
{3-30 x 107 Hz)
Very High Fre-
quency (VHF)

300MHz-3GHz
(3-30 x 10* Hz)
Ultra High Fre-
quency (UHF)

3-30GHz
(3-30 x 10* Hz)
Super High Fre-
quency (SHF)

30-300GH:z

{3-30 x 10'"°Ha)
Extremely High
Frequency (EHF)
300 GHz-3000 THz
3x1017-3
x10"°Hz) Opiical
Frequency (OF)

E‘ﬁn‘-‘t ﬁa": “Vunl‘oﬂl(ana&df::v

10-1Km
{10-1 x 10*m)
Kilometric wave

1 Km-100m
(10-1 x 10* m)
Hectometric wave.

100~10m
{10~1 x 10" m)
Decametric wave,

10-1m
(10-1 x 10°m)
Metric wave.

1m-10cm
(10-1 x 10~ *m)
Centimetric wave

10~-1cm
(10-1 x 10" 3m}
Centimetric wave

lcm-) mm
{101 % 10~ " m}
Millimeter wave

1 mm-lum
(11072~
x 10~*m) Micro-
metric wave

ORSY, 135}

ionosphere.

Surface wave and sky wave
reflected in the lower iono-
sphere (upper D region
and lower E region)

Surface wave for low dis-
lances and ionospheric
wave {E and lower F
region reflections) for long
distances.

lonospheric wave (E and

especially F region
reflections).

Line of sight (LOS) propa-
gation in the iroposphere.
Mountain khife-edge
diffraction. Tropospheric
and ionospheric scatiering.

Line of sight (LOS) propa-
gation in the trapo-sphere.
Mouniain knife-edge

diffraction. Tropospheric

scatiering.

Line of sight (LOS) propa-
gation in the troposphere.

Line of sight (LOS) propa-

walers.

Several thousand kilo-
meters  (muluple  hops
range)

Few thousand kilometers
for ionospheric wave.

Several thousand
kilometcrs.

Several ten kilometers for
LOS communications. Up
1o 60Km for uopo-
scalter communicalions.

Several ten kilometers for
LOS communications Up
1o 600Km for 1iropo-
scalier communications.

Scveral ten kilometers for
LOS communications.

Few kilomelers in free

gation in the troposp

Optic fiber propagation,

Few kilometers.

B-rn’sﬁh. frliopicot &Ll hupiot Cuushoss.

W
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SPECTRUM UTILISATION

Main Limitations

Main Advaniages -

Communication Users

Large and expensive transmil-
ting antennas. Very limited
band-width of transmission.

Large and expensive transmit-
ting antennas. Limited band-
width of transmission.

Severe interference and fading,
at night, Affected by ionospheric
disturbances.

Mutual interference  among
users. Fading. Highly aflected by
ionospheric  disturbances and
aperiodic variations.

Line of sight distance limitation.
Multiple reflections and shield-
ing in urban and mountaneous
areas.

Line of sight distance limiation.
Severe multiple reflections and
shiclding effects in urban and
mountaneous areas.

Line of sight distance limilation.
Severe rellection and shielding
effects in urban and mounta-
neous areas. Severe atienuation
by intense hydrometeors (> 10
GHz) Attenuation by oxygen
and water vapor absorption.

Same limitations as in the case of
centimetnc waves. Severe aften-
uation by atmospheric absorp-
tion or scattering.

Lack of accurale propagation
models. Lack of accurate math-
ematical models for optical
communications,

Little affected by ionospheric
disturbances. Reliable long dis-
tances low rate information flow
communications.
Little affccied by jonospheric
disturbances. Reliable Jong dis-
tances low rate information flow
communications.

Reliable short distance surface
wave dny time broadcasting.

Simplieity and low cost of
equipments,

High realibility of LQS com-
Mmunications, Normal rate
information flow communi-
cations.

High realibility of LOS com-
munications. High rate inform-
ation flow communications.

Very high realibility of LOS
communications. High capacity
miccowave radio for trans-
mission of voice, video and high
speed data channels. Low power
requircments

Communication channels with
greater bandwidth capabilities
Tor digital signal transmission.

Very high information rate and
transmitter power concentra-
tion,

Radionavigation (OMEGA-
System). Standard time and {requ-
ency broadcast

Radionavigation {(LORANC and
DECCA systems). Standard time
and frequency broadcast

Broadcasting. Radionavigation (in-
cluding LORANA system) Marine
and land mobile services.

Point to point communications.
Land and marint mobile systems.
Citizen Band (CB) systems. Long
range broadcasting.

Frequency modulation (FM} and
Television broadeasting  (short
range broad-casting) Land, acro-
nautical and marine mobile ser-
vices, Point to point
communications.

Surface microwave paint Lo point
communications. Television broad-
casting. Cellular radio systems (mo-
bile telephone). Rural tclecom-
munication systems.

Satellite and surface microwave
communication with increasing use
of terrestrial digitai microwave
tadio systems.

Communication between widely
spaced satcllites in geosynchronous
orbit. Short haul systems [or trans-
mission of voice, data and video.

Urban and sub-urban communica-
tione service including voices, video
and data signals of high information
flow.

105

e e - o

226

Table 2a. ESTIMATED TOTAL NUMBER OF 1SN EQUIPMENTS INSTALLED

Country Number of equipments installed Source
per capita per 1 kn2 total
Denmark 0.0008 0.1 . 4 00O 11}
Finland 0.002 0.03 10 000 [2)
Germany F.R. 0.004 1 250 000 [3]
Japan 0.1 30 12 000 000 (4]
United Kingdom 0.01 2 580 000 {5]
U.5.A. 0.07 2 15 000 00O [6)
* * ® *x *
World total 0.02 0.9 120 000 000 (71

Adapted from the following sources:

{1] Doc.CCIR TWP
{2} Doc.CCIR IWP
[3] Doe.CCIR IWP
[4] Doc.CCIR IWP
[5] Doc.CCIR IWP
[6] Doc.CCIR IWP
[7) Doc.CCIR IWP

Note: The diztribution of
uniform.

1/4-20 (Larsen/DK) August 1981
1/4-8 (Nikkila/SF) April 1981
1/4-16 (Lehning/FRGC) June 1981
1/4-13 (Arail/J) May 1981

1/4-17 (Whitehouse/UK) June 1981
1/6-11 (Wall/USA) May 1981
1/4-18 (Spash/UIE) June 1981

ISM equipment iz highly nen-

Table 2b. ESTIMATED NUMBER AND POVER OF ISM PQUIPMENT

Application Percentage of total
number pover
Domestic 78 % 12 s
Industrial & Scientific 20 » 87 %
Medical 28 1
* k Kk & *
Total number 100 &
{580 000 units)
Total power 100 %
(2.5 GW)

Rote: Data for a developed country with the
C.N.P. of ca 9000 US$ per capita (U.K.)

Adapted from Doc.CCIR IWP 1/4-17 (Vhitehouse /UK)

June 1981

couree : Monlinear & Enwr‘c_:?menfal ?"‘-""’W

netres
P tr A mackevaiam

7995 w—



Table 1. ISM APPLICATIONS (Sample)

INDUSTRIAL
BUILDING OPERATIONS (CONCRETE DRYING & CRUSHING)
CHEMICAL INDUSTRY
CERAMIC AND GLASS INDUSTRIES
ELECTRONIC INDUSTRY
FOOD INDUSTRY
METALLURGICAL INDUSTRY
MINING INDUSTRY (CRUSHING ROCK)
PAPER INDUSTRY
PLASMA TECHNOLOGY APPLICATIONS
RUBBER INDUSTRY
TEXTILE INDUSTRY
WooD INDUSTRY

" SCIENTIFIC
ENERCY TRANSFER EXPERIMENTS
PARTICLE ACCELERATORS AND SEPARATORS
THERMONUCLEAR FUSION EXPERIMENTS

MEDICAL
MEDICAL TREATMENT (BONE FRACTURES TREATMENT,
CANCER TREATMENT BY RF-INDUCED HYPERTHERMIA,
MEDICAL DIATHERMY)
RF SURGICAL APPARATA
NUCLEAR RESONANCE IMAGING

OTHERS
DOMESTIC INDUCTION AND MICROWAVE OVENS
ROAD MAINTENANCE (ASPHALT MELTING)

dovrce: Monlinecar @ Epvivonmental & lechomagnetrcs
ed. 3, W Eikvehs, Elsevier Seiena Rul. Anisicsdam /905

Y4

Table 3. TYPICAL FREQUENCIES AND POWERS
USED CURRENTLY FOR ISM APPLICATIONS

Nominal frequency,

frequency variations,

nominal power

Typical uses

Below 9 kHz
10 »
up to 20 MW

5 MHz - 20 MHz
2,5 %
100 W - 300 k¥

20 MHz - 100 MHz
ls
100 W - 300 kW

R R R R R LR

100 MHz - 500 MHz

500 MHz - 3 GHz
100 W - 100 kW

Above 3 GHz
up to 15 GW

Metallurgical industry: induction hearing
hardening, soldering, melting, refining.
Medical applications.

Ultrasonic cleaning and welding.
Electro-erosion treatment.

Induction heating and melting of metals.
Power inverters,

Medical applications.

Induction heating,

RF excited arc welders

Sealing for packaging.

Production of semiconductor materials,
Medical applications.

Dielectric heacing.
Wood drying and glusing.
Plasna heating.

Medical applications.

Dielectric heating,
Plastic welding

Food processing.
Plasma heating.
Particle separation.
Medical applications.

Food processing.
Medical applications.
Particle accelerators,

Food processing.
Insect desinfestation
Medical applications.
Materials manufacture.
Plasma heating.
Parcicle acceleracion.

.................. s e ML ap et r e st e,

Particle acceleration/separation.

Plasma heating.

Thermonuclear fusion &Xperiments.
Microwave-powsrsd vehicles (project).
Free-space power transaission

by microwave baam (project).

Satellite Solar Power Stacion (project)

SOvru: Monhnear &&y,',pnmen'f‘d/ E/ec.l‘m.ma Cctics
ed by H.ECEuehy Elcevier Yeunce Reb! Amperdan [9F5
4



ANNEX 1 - Frequency bands designated for 15M applications
in_the ITU Radlo Regulations

Fraquency band Centrs frequency
6 763 - 6 795 Iz 6 780 Kz
13 553 - 13 567 khz 13 560 kHz*
26 957 - 27 283 Wiz 27 120 khz¥
40.66 - #0.70 Mz 40,68 MHz*
433,05 - 434,79 Mz 431,92 MHz**
902 - 928 MHz 915 MHiz*
2.4 -25 GHz 2.45 CGHz*
S$. 12 - 5.873 Mz 5.8 CHz*
24,0 - 26,05 Gz 24.125 GHz*
61.0 - 61,5 Gz 61,25 GHzt+
122 - 123 GHz 122.5 GHzhr
244 - 246 CHz 243 GHz™*

*  Radiocommmication services cperating within this band
must accept heraful {nterfersnce which may be caused by ISM
spplications. Adainistrations shall take all necessary steps
to ensure that radiation from ISM equipment Ls minimal and
that, outside rhe bands designated for use by this equipment,
is at a level that does not csuse harmful interference to a
radio navigation, or sny other safety service, operating in
accordance with the provisions of the Radio Regulations
(RR 53, 546, 548, 707, 752, BO6, 881, 1815).

+*  The use of this Erequancy band for ISN applications shall
be subject to special suthorization by the administration
concermed— in agreememt with other adsinistrations vhose
radioccomunications might be affected (RR 524, 661, 911, 916,
922).

Source: Monhwear Y, Ema‘ronmenta! Elechumagnehics

¥
*

1
[
wyrami
3
TN

L
13

o
*
|

1. *
10%u
100MM
10CAM
OM

|

10°M

it

i

1Gestls

Wi AR

10¢KH:

1000Mt:

10 H:
10°H:

LRl TS
-

10 1 wicrons

1000MaunMeTen

100C T Menn
1 Marex

10'M

SIO

10*H:
10°KH:
100 MH:

e——

1H:

¥

T
-

A

LR
10M
TELEVI

BUNM e

ML
R

10'™M

INFRA SONIC
JH:
e
10°H.
10“KH:
TOMH:

[LTCTIN MECATA WL BRINE WA
-

10'°M
100M

T

OH:
I."“il

Pt

Ly g ?

10" Mo

—

3

it
480 wow ) §
[ e
e —

o -t

OOTH:(Hemt )
10* H:
100K H:

FREQUENCY

SPECTRUM ENGINEERING —THE KEY TO PROGRESS

ELECTROMAGNETIC
WAVE LENGTH

10N L] b ¢

10°'M

QLI LT m AL
Muim

ULTRA SONIC

somad
————

ed ‘l',”..fr'kur_h;‘, Efserser Science Pudd Amslercaw CIP5

g

AT
yigin et

T AW

10 H:
10KH:

10'M

-
el
1

V1KnoH:

1000 H.;

IR
L}

WM TIILIY el
oI T

10°M
AUDIO

SONIC

10GH:




by O 0 o YV Ty v o - . T i -
RTINS Y ey o
” “ $103443 3QIS
AMNDNI 30 L0 W
AMINI WD O wOILAKSIY 1008 <ZMEOZWI&

CHDAT HAYE Wi M 1008 X3 4y TP LonLov) NQILY¥INIOD I—(Z :--(Z
.“.__..n. NN LMD T TH SN0 T LIS [ SL93443

e ma | NOWLYOV4O¥4
Enintiane 74m o1 .III«I!I'I'-III’-.G’I&—'

w3 e—%

B3
WENIHOPAY DHivi08 Tdai HSAUY

SNOINVITIDSIW

» N - .. L]
100400 1004 DN I LS

- L -
VIR 20 TN — LIOVORE  Mhe -8 O

VHRIT e acodw S SAONINDIYS mwz W-Z<_>_
i wtiver aINOISSY
Y e - -
i_.-e:n( .—tal-!i
cigva DKIYE
.le |M...o_=u.x._..:q_m- «.a.so_l..ig
] OHE sl JOWE- gl
w 1 1 1 1 1 ]
S —— .— A [v) \. (=1 - _...:1 t:1||¢ﬂ
THWOL AININOINS
HALOL
g b 9
* L T [
4
wooL JUINOYWOULIIZ
HO,01 HO, 01 HO, 0L HO,0L H9,01 THO 01 TH¢
H..0l H,.01 TH 01 H,,01 tH,,01 H,,01 '+
11T T 11} REEE] _:_____ I _:_:_“ | _:_:__ |} WETTT T T HITTET TT
"B oe 7 I ) LR R ] i U LN N B & LR N B ] L] 1Ml 40 ¢ ] iFhd v 2 » 1 LY LI B T I § 4
[T 11" _-_.uuu..' LT E-l&- . ﬂ.-i -
"uu” ILIIII - I ) —— a0 vt -«-,_c:.h”cl.
T Y ) j-.-ﬂ-m.u-‘u.nﬁi MH-.-N». ..n-c-ll-..‘-! Ilcoﬂ.!ﬂnll
AVH JINSOD - AVH VANV “ |= imsomn, XVH-X Wi LATOIA VUL
h“gog. - LLLEE X 1) -.u!i -.u.llc-”oa .la-o-.h_“-e L TEY RN ]
H n- - el - il ﬂd-!.!l o .“u..-..ca A - -
_-g_- -_.- "q_--“mn i M—mmmm .".-H.HM. “-_"m ._.-mmmm -"u .o“ “_ .~ — __."u"um.-umum m.nm._ﬂm—_uuu"m.-um”_. m‘_-m:- .uuu.m.. -“n«m ._...mmwm _whi.lulmﬂa
_...a*_ w4001 w0001 W2,.0L WO, 00 (,-WD.0) WD,-0L 1,
WW,, 0L WW,, .0t ww,._0L WW,_0L WwW,.0L WW,_0lL WW, .01
",_0t .0l -0t .0l n,.0l 100" mo
Y.-0l Yoo 40 Yt Yl yolL yoot
N

 HO0L
W01

THO 01 -
H,0l

THTT T T HLIARE | ] , .
L} LI I BRI | t U LEER .‘...r.l....l- E-L_k .n . Ly i o e -l --l“.uli " A
u._._“m.. .ﬁi—um.ﬂmg T I - A F.J..l-.l.i.. |l|— -th...umm._m )i T es e s e it : smpemaise
esithaln ¥ s U e Senden. NibilWE ﬂ —oul B o4 ' .
LTTOIA VUITIA | = F1EISIA g, T QEE VHANT TYININIHAIXE | ofne UV AV e
Ry T i S e mm O wee BR . T o e
i = it v aant el - &’ - e TP O R oy iy, R s AR Ao & anewue i
(1-W0400 WO, 0T 1w, 00 WO, 0T\ W0-00 WD, -OF T Wo0500 WOLOD'( | W00\ W10 W100 IO WE |
EWWLOL W, 0L WW100° WW L0 Ao smen/ gy WL WalL Wa0LT  un
i 4 A ny L moL Isn3n 1 50 | wWwi WWOL wWwOoL t
; yool - Y0001 Y0l V.0l ooy 0} T0001 .01 ano—._ fire




z
2

s Sinat
I | | 1 I i | | | L 1 | I ! . i
2 1Y 9 8 7 6 5 4 3 2 1Y 9 8 7 5 3 L2
l P BAND I & BAND , “ .
1: 10°KH: 1000 MH
\H, 100MH: 1GH: }
\ U
[———— 2 3 4 5 6 7 8 9 . ‘ 2 3 - _— 4 - “5_._._. 6.._.,..7._.. ’ ] e
e dmne-gunink e Aot Syl
1 | | | ] | | ] ] ] | (il | [ | |
SHIP SHORE SHIP- SHORE SPACE TRACKIN SPACE TRACKING SPACL TRACH
COMMUNICATIONS COMMUNICATION N mmnmG & TELEMETRY & bt
— - - . » - RADAOL DCATION RADIO ASTRONUMY
AADIO AADIO RADKINAVIGAT (ON METEQROLOGICAL AIDS e \m_“___ .
n musrmom ASTRONGATY INDUSTIIAL, SCICNTIFIC, RADIG ASTRONOMY A (RADIDSONDE) THOUSTRIAL, SCIENTIFIC, LINE |
X . MEDICAL EQUIPMEN . MEDICAL EQUIPMENT
QUENCY . STANDARD FREQUENCY ] LpHCAL 2% VHF TELEVISION RADIONAYIGATION e “ o
Al WY L YHF TELEWISION CMANNEL 270§ woRLD-wiDe CHANNEL 7 70 13 UHF TELEVISION CHANMEL 34 T0 B COMPI
- 4 » SEEEm  m— AIR TRAFFIC CONTROL Sa— URARSIT)  com——— 1. .S 8
S— WMCLUDES EDUCATIONAL T¥ RADM!
FM BROADCASTING WORLD-WIDE ]
mxuﬂ ANATEUR AMATEUR AMATEUR — AMATEUR AMATEUR ual:&rou;n AMATEUR NUITUR ™
’ - - S AERONAUTICAL - - s — - o
WORLD.WIDE FOREST FIRE - WORLD-WIDE i3t ROUTE
) CIviL AIR PATROL RADIONAVIGATION
RADIOKAYIGAY CITIZENS BAND ACROHAIVICAL  SURvE [t AN
n Lm GROUND COMMUNICATION - TURRKER, GEACONY {LOCALITER) PROTECTION R GROUND, VEHICULAR AND POINT.TOPONT = mnmvmuu“up&u @
) T TN BAND . e CIVIL IR PATROL ———U | AN MOBILE SERVICES— CDISTANCE MEASURING) Szieb
L POLICE, FIRE, INDUSTRIAL, AZIMULE FLIGHT TESTIN
YOICE OF-AMERICA, $8C. LTC. — WORLD-WIDE AROADCASTING LAWD MOBILE SERVICES— LAND MODBILE SERVICES— COMMON CARRIER ETC. TELEMETRY
- - = - ™ POLICE, FIRE, INDUSTRIAL. POLICE, FIRE, INDUSTRIAL, EXPERINENTAL® [l
COMMON CARNIER ETC. COMMON CARRIER ETC. HIGH SPEED TRAIN
- ) NTERMATIONAL POINT.TO: POy SPACECRAFT BEACON - (PUBLIC PHONE STRVICE)
S - S W - mmsmnm\. - _
. T ALLOCAVED TRIAL REATER FIAST DETEC PERIODIC HIGHEST ALLOCATED ’
INDUSTRIAL HEATER HIGHE S INDUS st TED [l OSON|
(TUNNEL FURNACE) FATQUINCY BY 1TU CONF. (PUASTIC SEMLER) GOSMIC SOURCE (1967) s /von mmcgi%m;m RADIOZONDE e MYDROGEN MASEN
Wt MEDICAL WASHINGION  WADRID MEDICAL A RO fuig  SURYIVAL cun ARECIBG, PUERTD RICO TROPOSPHERE SCAVIER MEQUENCY STANDA!
OMIHCRMY w B DIATHY MY ¢ FIRST RADAR = SPAGE RADAR ANT, DiA. 1000 FT. COMMUNICATIONS -
Ghe INDUSTRIAL mm DIELECTRIC HEAIING 0 “:;‘:00" ' - - (e » ‘ n:'u:
WwOOD GLuE — INTERFERENCE SOURCE — IROS CAME! JODRELL BANK, ENGLAND CTRON SURVEY LANE RADIONAY|
FIRST RADAR ECHOS DAY YO0 § WIGH VOLTAGE FuWER LINE DISCHARGES = . AKT. DIA. 350 1. COOKING RADA ALY
LMH2 FROM SUM APRIL 1958 ——— 0. ¢ 7S M
- P AURORA CAUSLS DEEP FADING - ot s
L HERTE
ll. JORQSPHIRT 10 20 MW T0 COMMUNICATIONS HELICOPTER RADIO ALTIMETER
. ———REFLECTS EM WAVE § DOES WOT WEFLECT [M WAVE —- RLFLECILO BY AURORA FULSED RADID SOUNDINGS RADAR PENETRATES FOLIAGE
10 3 Mz —— LONG DISTANCE TRANSMISSION § (MAJOR TRANSMISSION WINDOW INTQ SPACE) <weme- T0 20 GH2 THRU 1500 FT OF iCL.
TRANSITION FREQUENCY 1S TROPIOSPRERIC SCATHER \ocH (3300 FT OF ICE AT 30 Mia
R e
o 0 s4 FUNCTION OF SUN ACTIVITY =" JOMOSPHERIC SCATTER (s ROM O LAYLR) IONOSPHERIC SCINTHUATIONS AT ELEVATIONS LTSS THAN THREE OCEREES o o0 ity 10 1sum SUNSPOT DISTURBANCE INTFRSERES WiYH RADIO COMMUNICATION
[ ] W—b T
2o - - e Rt L —.
— —— SUN'S CORONA
ATMOSPHERIC WOISL GALACTIC NOISE oist t‘rrtgm;)t nm"sc N TroRO
NA PREDOMINATE GALAXY TEMP. OF SU 5
- AUPTTER RADIATION PREDOMINATES s FIRST OCIECTED MERIOOK: {SAGITTARIUS) 1.000.000°K - DEUTENWM LINE RADIO BAGHINESS
PR xS Rl " oo e ocnoon M
RIPITER NOISE SURST werton punsts  (OFIGIN UNRNOWN) EFFECTIVE SOLAN RADIO EMISSION REACH ING THE EARTH — om
#—7 M = -
LETHAL TO SOME MOST ENERGY ABSORBED WITH POSSIBLE DAMACE TO INTERNAL ORGANS )
BACTORIA CELLS ) BY INTERNAL MEATING DUE T LACK OF HEAT SENSATION - " lﬁ'gﬁ"’:%
L) HYPERTHERMIA PRODUCED N MAN AR 2, n
R
PULSE MODIT ATFO T EHERGY
TISSUE PENETRATION IRRADIATION INCREASES PEARL CHAIN REACTION COLLODIAL COMPONENTS (VGEED POTUREEALS
T ENERLY THRESHOLD FOR PAIN Lot bl ' BACTE R OF LIVING CELLS RESUNATE 115 BRAINSTE M Of CATS
01-2 MEYER PEARL CHAIN REACTION . 15 15 CH - v
TMGET SHE 2-20M (1N BACTERIA) FARGET SHZE 15 CM-1.5M HUMAH BRAIM SENSES EM ENCRGY
: HUMAN : : :
WORATIOTH AU et connn it oG D T orvea
1Al
ED 200% b - SOUND HEARD E—
.Mﬁ& AL il
§
w 2 1 & 5 6 7 8 9 | 2 3 4 5 6 7809 31 ;
. ' ] ] 1 1



MA SURROUNDING
SIGHAL ATTENUATION DUE 7O 1,0 AND 0, omxn ABSORPTION YEHICLE
HIAGE ! RADIO WAVES EFFICIENTLY (MOLECULAR ROTATIONAL ABSRPTIVE PROCEESH rms&uu R S

) REFLECTED FROM RAINDROPS WAILR VAPOR ABSORPTION
INECATION ; — RESOMANT PEAR TAANSHISSION WINDOWS 10 SPACE
LI - e,

-— EFFECTIVE MOISE JEMPERATURE OF SXY (EXCLUOING SUN) ® ~— CESWM-133 HADIC EMISSION FROM SUNSPOT FLARE
“K HTOROIYL COMFLER — WUMIDAIM S5 —q 6K ey 70 20 GHz
MAIGR CONTRISUT) NS CHROMOSPHERE. EFFECTIVE NOISE TEMP. . "
RADIO. BRIGHTMSS '\ ﬂﬂ.ﬁlﬂw - o oL 16.000°K  sun %ﬂm e ltmn;mnt o [w".‘s"'%
- TEMP, OF M00N AIuOSHERIC 208K MARS IVE NDISE MEASURED BY MADIG BRIGHINESS -
Frd e S — o e B TEMP. OF SUN MICROWAYE SADIOME TERS TEMP. OF MOOR
1=—eT0 20GH: g 1020 Mue < WOISE §  NOISE - 0100GHE  (40.000°K) = e g
EVE DANAGE FAOM STRONG
EM ENERGY

* LESKNS PRODUCED £ RADIATION ABSORBED Y SKIN

. IR I BRAN OF RAT ANL SKIN NERYE FNDINGS
L sooy Pm'?gll WITH SENSATION OF HEAT ONLY SKNE AND OUTER
PULSE MODULATED L COMGULA SURFACE ORGANS
':mnsl;g:‘zalw‘ THSSUE PENETRATION TISSUE PENETRATION TISSUE PENETRATION ARL HEATES
¥ £ ENCREY Y Eu ShEaor WHEN IRRADIATED 0¥ bl Caragy

i - - . LL-E MM

10 SENSES EM ENERGY TARGET $IE 130 CM VARGET SIZE 033 CK WING AND LEG ARGET SUZE 1 WM-10 MM

: OTICAL Fl.ﬂ!l'l'li CHANGED W GLYCOGEN SOLUTION

IR ANTENNAE
. b %0 PARALLEL 10 EM FiELD ‘ . l
{Jl j 2 3 B .
-f | 1 s

R —

e ————

OF 106
-

_ ' | I | I i
: ) 3 sand el 1 janp o T
1000 MH ; % C BAND 10°MH;
1GH; 10GH;
"‘* 1 t sl 2“-“'-.-.&'4_43-—-_;-‘ N 5 5.‘6 fraaiin 7"-;8 . 9 - l-= e
i ——r
~y _“."““‘ - ] L ] ] ] | | l H | | _§
o v SPACE TRACKING SPACE TRACKING COMMUMICATION SATELLITE.
- , & l!l!lﬂl'f & TELENETRY SATELLITE 10 EARTH EARTH 10 SATELLITE COMMON CARRIER
10LOCATION - —— — POINT-FO POINT
‘. %_7 ""'m"o“"" RADIO RADIO RADID RADID RADIO RADID
1N, SCRNTIFIC, i ASTRONOMY ASTRONOMY RN stRoNOMY ASTRONOMY ASTRONOMY ASTRonOMY
o ENeuEn] : [ s I5M — 4 - . . -
, a3 } ARPORY TIMETERS HIDUSTRIAL. SCIENII”C.
. i Couniy S IAnce MINEIERS  cnip-80mnE MICROWAVE ARONAUTICAL MEDICAL EQUIPMENT CHOUD DETECTION
OISONDE ne MO WAVIGATIONAL RADAR  POINT- 10 POINT RADIGHAYIGATION RapAs
' [ ] —— B
ANATIN more AMATEUR AMATEUR m TEUR ANATEUR AMATEUR RADIONAYIGAT oM AMATEUR 1
NUALD-WiDE s AL - - rowLis T - . L) - o AN
Jmm% HLANGE -mcnomw: STORM DETECTION ARBORNE WEATHER AIRBORNE ARBORNE DOPPLER per PORY SURFACE
onAYI DAY ) RADAX WEATHER RADAR NAVIGATION RADAR ECTION EQUIPMENT
(DISIANCE MEASURG) e #CIATTO-FOINT wAsAn - A o
FLCHT TESTING COMMON CARRIER MON CARRIC nmoaomc BROAOCAS] EXPERIMENTAL
' HAEMETAY SPEED METER RADAR POINT-TO-POINT wrglnno mmr. sumn: RADAK ALULIARY SPACE RESEARCH L W e
. [ SHIPBORNE — — bl a '
: MAVIGATION PRIVATE MICROWAVE PRIVATE MICROWAYE MICROWAVE MICROWAYVE B
. bl POINT-TO-POINT POINT-10 PDINT POINT. 10 ant POINT-TO-PONT s
i N T — A .
SYNCOM OOPPLER RADAR ELSAT BUBIOWIM §7VAPOR  STHCOM  RADIOWEILR HIGHE ST ALLOCATED THALLIUM BEAM HIGHEST ALLOCATLD
DMEETACAN . n SATELLIS AIOHI:'BLOCI DETECTION ERCQUENCY BY ITU CONF. -~ FREQ. STANDARD NCY BY JJU PEAR BLACH S00Y
R SCATIER FEQRNCY STANDARD SPACE RADAR _ TROPOSPHERE SCATIEN JNTELSAT | SPACE OF Ichens AHANTC I BARIUM OXIDE BEAM HLYA TEMPCAATugg
wanows - SOLDSION LAKE 13, COMMUNICATIONS  SATELLITES vtk bs. /uﬁ%mmm Y 7 R STANDARD . AsMs0NiA MASER 'y Toroe e e B
4 . B - M
CIONIC  SURYENLANGE cean ain JURBLENCE % PRECIPITATION gty iym apsenioe MARINER 1) VENUSGASEQUS AMMONIA  WEATHER RAGAR Qg T o :
-og (ALTIMETER) ELECTRONIC COOKING DETECTION (CAT) non RADAR oscuumn nwmumn SCANS Alnmc_cmcu {CLoun n.us & Tom L]
L]

|
OXYGEN ABSORPTION

_—_I_ L
[T | SICHALS CAN PENE IRATC )

ANTS ALIGH
THE

oF Cillﬁl[.li EXTENDS




! MM
J ! |
4 2 i
10*MH;
100GH:
7 8 9 }1 ' 2 3
[ ! | |

AMATEUR

EXPERIMENTAL

PLAK BUACK BODY 0-1YPE
TEMPERATYRE CARCINUTRON
uRe 1" KELMIN OCUJATOR
o .
e THERMAL i ) EM WAVE ENERGY

B01 ELECTRON VOLTS
[X]] IO"' EnGS.

OF 106
=

€M SIGHALS CAX PENETRAIL .

—

FLASMA SURROUNDING

THOM ELECTRIC-RESONANCE

W M el WATER VAPOR  WOUECULAR BEAM

1 OAYGEN ARSORPTION ABSORPTHON INYESTIGATIONS
L ] -—

RANSMISSION WIHDOWS 1O SPACE
——————

- ]

—
OMNIDIRE CTIDNAL £M
ki in
EMISSIONS FrOM
HYDROGEN CPANIDE (SOURCE UNNNOWN|
BRIGHTRESS -
. OF MODON APPROX. UPPER LiMiT
ZJ:'I OF KLYSTROM CPERATION
L A

ONLY SKIN AND QUTER
SURTACE ORGANS
ARE WCATED TISSUE PENETRATION
BY EM ENERGY
0.01-0.1 MM
TARGEY SIZE 0.1- 1 MM

7 89 ) 2 3

FREQUENCY SPECTRUM CHARY

THE FREQUENCY SPECTRUM CHART ILLUSTRATES MAN’S AND
NATURE'S ACTIVITY IN THE USE OF ELECTROMAGNETIC ENERGY
AS A FUNCTION OF FREQUENCY. THE MOST USED TELECOMMUNI-
CATION FREQUENCY RANGE HAS BEEN EXPANDED AND SHOWN IN
TWO SECTIONS: (1) MAN'S USE OF ELECTROMAGNETIC ENERGY,
AND {2} NATURAL PHENOMENA, WITH A SUBSECTION TITLED SIDE
EFFECTS, SHOWING THE INTERACTION BETWEEN THE TWO.

THE PRESENTATION OF THE SPECTRUM IN THESE TwWO
CATEGORIES IS AN ATTEMPT TO SUGGEST A SIMPLE MEANS FOR
SHOWING MAN'S USE AND NATURAL PHENOMENA IN SIMPLE
TERMS OF A COMMON DENOMINATOR: FREQUENCY, ALTHOUGH
EXTREME CARE HAS BEEN TAKEN TO PLACE ACTIVITIES IN THEIR
PROPER FREQUENCY RELATIONSHIP, THIS CHART SHOULD NOT
BE USED AS A BASIS FOR TECHNICAL REFERENCE,

THE FIRST SECTION, MAN'S USE, IS MADE UP OF {1} FRE-
QUENCY ALLOCATIONS, AND (2) A LISTING OF MISCELLANEQUS
ITEMS OF GENERAL APPLICATIONS. IN {1) THE OFFICE OF TELE-
COMMUNICATIONS MANAGEMENT ALLOCATES THESE FREQUEN-
CIES FOR FEDERAL GOVERNMENT USE, AND THE FEDERAL
COMMUNICATIONS COMMISSION FOR ALL OTHER USES, THESE
ARE CURRENT ALLOCATIONS FOR USAGE {N THE UNITED STATES.

MANS UNINTENDED USE, BROADBAND INTERFERENCE, IS
ALSQ PLACED IN THE MISCELLANEQUS SECTION. THIS NOTATION
INDICATES THE FREQUENCY RANGES AT WHICH THERE IS GEN-
ERATION OFf SPURIOUS OR UNWANTED EM ENERGY RESULTING
FROM MAN'S USE OF ELECTRIC AND ELECTRONIC PRODUCTS.
THESE FREQUENCIES WOULD INCLUDE THE RADIATED AND CON-
DUCTED SIGNALS,

THE SECOND SECTION, NATURAL PHENOMENA, PRESENTS
INFORMATION ON (1] PROPAGATION EFFECTS, INCLUDING THE
ATMOSPHERIC WINDOWS, (2) THE GENERATION OF KNOWN NAT-
URAL ATMOSPHERIC AND GALACTIC RADIATIONS, AND (3} SIDE
EFFECTS OF ELECTROMAGNETIC ENERGY ORSERVED IN DISCt
PLINES OTHER THAN ELECTRICAL AND ELECTRONIC.

THE INCIDENCES OF SUCH SIDE EFFECTS WHICH HAVE BEEN
ENTERED ON THE CHART INDICATE FREQUENCIES AT WHICH
EXPERIMENTS HAVE BEEN PERFORMED AND DO NOT IMPLY
EVIDENCE OF A UNIQUE FREQUENCY EFFECT OR THE INTENSITY
AND DURATION OF EXPOSURE NECESSARY TO INDUCE THE
EFFECT.

Expanded by Luther Manell. member of ITAC R1 1 4 fram hie Framimman cmamie— oo«







International Atomic Enesgy Agency
United Nations Educational, Scientific and Cultural Organization
The purpose of these notes is to provide an overview of current

International Centre for Theoretical Physics problems of the radio frequency spectrum engineering.
34100 Trieste (Italy) . P.O.B. 536 . Miramare . Strada Costiera 1] Source: [6]
Introduction
The term Spectrum Engineering has received wide scceptance aftet an JEEE
Second College on Theorstical & Experimental Radiopropagation Physics, report on radio frequency spectrum usage was published under the same title
7 January - | February, 1991 about twenty years ago [1]. At that time, scientists and engineers in the US.A.

were concerned with the problem of electromagnetic compatibility (EMC) and
potential disruptions of vital radiocommunication services due to interference.
They concluded that, 1o svoid such situations, & new engineering discipline,
spectrum engineering, must be de_veloped and a system approach applied.

After s short discussion of current problems of the use of spectrum

RADIO FREQUENCY SPECTRUM MANAGEMENT resources, basic spectrum engineering concepts are presented —as they are
understood today. Then follows an overview of relevant computer techniques
Part 3 and microcomputer tools. -

RADIO FREQUENCY SPECTRUM ENGINEERING

Eroblems
R.G. Struzmk . I .
L sonal Tal scation Uniow, Intsrnations! Radio Conaultstive C s i SI!ICO the p!:blncmon of the IEEE report, new technologies lnd‘ new
Geneve, Switsrtiand - applications of radio waves have been developed. Today, the number of artificial

satellites launched has reached 3600 or so. Roughly 5.5 million subscribers use
cellular mobile radio [2). About 120 million domestic, industrial, scientilic and
medical (ISM) appliances act as unintentional transmitters, generating radio
frequency energy to produce heat and other physical, chemical and biological
effects [3] The number of users of the spectrum grows continuously. The
estimated yearly growth rate is 20% for private mobile radio, 26% for paging
systems and 80% for cellular radio [¢]. With liberatization, deregulation and
privatization of the communication sector, one may expect that the demand for
the spectrum will continue. Spectrum congestion and the threat of interference
have became critical problems in many frequency bands and geographic areas [5].

In parallel to these developments, the sconomic, social, political, and
military significance of the radio frequency spectrum and geostationary satellite
orbit hat been better understood. Now, they are recognized as common and
limited resources necessary to support vital functions of soclety. The concepts of
syse® and *management” of these resources have been widely accepted. The
spectrum, or orbit, is occupied or used if it it made wnavailable for other
potential uses (note that this concept applies equally fo radiating and to receiving

mmmmummnmmﬂx equipment). This usage involves economic, political, legal, administrative and

techmical issues, and spectrum engineering concentrates on the latter ones.

International competition for the access to the spectrum and orbit resources
have been negotiated among al! countries, Equitable access 10 the spectrum and
orbit, their rational use and fair sharing have been accepted as basic rights and

obligations of every country, and inscribed in the constitution of the International
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Union of Telecommuaication (ITU), a Specialized Agency of the United Nations.
In order 1o coordinate the competitive use of the resources, many
intergovernmental conferences, world-wide and regional, were held during the
last decades. A special ITU Voluntary Group of Experts was created in 1989 to
explore possible future improvements in their shared use. The discipline of
spectrum engineering has been advanced. The International Radio Consultative
Committee (CCIR), a permanent organ of ITU, devotes about 80% of its potential
to spectrum engineering issues. The International Union of Radio Science (URSI)
deals with its scieatific aspects. Major scientific symposia have introduced the
topic into their programmes. In spite of these development, however, the radio
frequency spectrum shortage continues to increase.

Solutions

The continuing demand for the spectrum can be met by increasing the
usable resousces, but there are some limitations. The geostationary satellite orbit
cannot be expanded and the usable spectrum can only be expanded 10 higher
frequencies. Due 2o the laws of nature, however, the highest frequency bands
are inappropriate for many applications. The curvature of the Earth's surface
and the frequency-dependent absorption of radio waves in the atmosphere impose
basic limitations,

Limiting 1 ber of

Non-communication use. Man-made radio noise, radiation from microwave
ovens and other ISM equipment and radiation from receiver oscillators are
examples of this type of use of the frequency spectrum. It is not refated to
transmission of intelligence and usually is unintended (except for the transmission
of energy at distance by means of radio waves). This use can poliure the
resource and make it unavailable for some communication applications. Limiting
such non-communication uss can free s part of the resource. The price to be
paid for this is an extra investment in the relevant industries for the attenuation
of the radiation.

Communication usg. There are some spplications which do not necessarily
require radio, and can be served equally well, or even beter, by wire, cable, or
fiber optics technology. Fixed point-to-point communication links are examples,
However, applieation of these techmologies involve costs, whereas the radio
frequency as a transmission medium is essentially free.

Limiti

Unnecessary emissions. Many systems use the radio [ requency speciruin in
excess of the amount really required 10 achieve the intended effect. For instance,
double side band amplitude modulation systems use twice as much spectrum as
BOCESSAry. Excess Iiransmitter power does not improve the intended
communication, but iacreases potential interference to other users, Limiting
frequency bands used, geostationary sateliite orbit slots occupied, and powet
radiated to the minmimum necessary for the intended function, require special

JRPSENGG.DOC - R.G. Strussk - $300words - page §/10 - 17/13/90 1057

efforts and expenses. [In time-varying environments dysamic control of the
power radiated and its spectral distribution might be Decessary.

offer no useful effects and
waste the spectrum. This apply to ow-of-band and spurious emissions and/or
receptions and unintended ontenna side-lobes. Their elimination usually involves
considerable costs,

Hybrid modulation methods can increase the information transmission
capacity per bandwidth unit. The same frequency band may be used (o convey
more information or offer improved services. Adding stereo in FM sound- and
colour in TV-broadcasting are examples of transmitting additional information
without increasing the frequency band allocated. This solution also needs
substantial expenses.

Sepacation

Utilization of the radio frequency spectrum is usually described in terms of
frequency, geographical space and time, bus other factors, such as polarization,
can alsp be imporunt. To extract the desired information with an acceptable
error probability, the desired signal must undergo special processing. The process
involves the discrimination of power, time, frequency, eic. All parameters, by
which one radiocommunication signal differs from another, form a
multidimensional space, and each use made of the spectrum can be mapped as an
area in that space. The areas representing individusl spectrum uses must be
separated one from another. The greater the separation distance, the better is
isolation between individual uses, the lower is the interference probability, and
the lower is the total number of specirum users. It should be noted that the
separation distance is 8 complex function of sll parameters involved, in contrast
to the "classic® distance which is known from elementary geomatry.

The scparation distance must correspond 1o the diserimination abilities of
the victim system, and 10 radiation characteristics of interfering sources. Many
variable parameters can contribute 1o the separation distance god it is not a trivial
task to seloct their "best”, or even “acceptable® combination, In order to avoid
harmiul interference, & large separation distance is required. With a heavy
demand, the necessity to accommodate as many users ag possible implies the
opposite.

Di .

The frequency-distance s¢paration rules were the lirs (gchnical regulations
introduced to prevent interference. They were in the form of tables of minimum
distance between transmitting stations as a function of the frequency difference
and power radiated, They were elaborsted in the USA sopie forty years ago.
After some modifications, they were used at the basig for cluboration of
broadcasting frequency plans by interoational conferences, for Europe in the
sixties and for Africa i 1989. These conferences assigned the power, frequency
and geographic position for each transmitting station over the relevan) area.
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In some applications and frequency bands, local terrain features can
increase transmission loss of undesired signals. Thus, the separation between
interfering and victim systems can be improved by selection of an appropriate
location for the radio stations with no extrs costs involved. However, a suitable
propagation model and detailed terrain data aré necessary to make use of this
possibility during the planning stage. Although many countries have digital
terrain maps, and satellite techniques make it possible to produce such maps in a
few weeks for any region of the globe, the world-wide terrain data for spectrum
engineering purposes are unavailable, Appropriate propagation models,
universally accepted, are also not available, The international planning
conferences were using simplified propagation models, neglecting local terrain
effects. Due to this fact, the demand for frequency assignments could not be
fully satisfied,

Direstion & polarizati .

Both, the transmitting and receiving antenna radiation pattern can
contribute significantly to separation distance. Especially promising are adaptive
sntenna systems, able to follow sutomatically the direction towards the radiation
sources even il they are moving. -

Ersguency separation

Frequency assignment and frequency planning are the oldest techniques of
interference prevention, and still they determine the efficiency of the coordinated
use of the spectrum/orbit resources. Frequency division permits the transmission
of two or more signals over a common path by using different frequency bands
for the transmission of the intelligence of each message signat. In sateliite
communications, for instance, multiple access to a satellite is provided by
assigning a different frequency band to each respective earth station and satellite
resources are used by all stations at the same time. In the satellite, the signals are
simultaneously amplified, transposed and retransmitted. The earth station
identifies its recsiving channel according to its assigned frequency band in the
satellite signal. It is known as frequency division multiple access (FDMA)., These
are static techniques. In some applications, significant gains can be achieved
through dymamic real-time frequency assignment which can adapt the operating
frequencies to the changing environment.

i .

Time division permits the transmission of two or more signals over a
common path by using different time intervals for the transmission of the
intelligence of each message signal. [In satellite communications, for instance,
individual earth terminals can communicate with each other on the basis of non-
overlapping time seq d bursts of transmissions through a common satellite
repeater using the same frequency band. This is known as time division multiple
access {(TDMA),

In conventional modulation systems such as AM, FM and PSK, information
is conveyed by varying one of three parameters of the carrier wave (amplitude,
frequency and phase). This feature can be used to increase the separation
distance. For example, an amplitude limiter in FM systems can increase system
immunity against AM interference, and a Doppler modulation detector can allow

anDemLA A AA T A . 8 e . e dem emdemdnm e, -

for the discrimination of signals from moving and fixed objects in radar
applications.

Code scparation

In code division multiple access (CDMA), each signal transmitied over 3
common path is assigned a characteristic code and spread-spectrum techniques
are used. At the veception station, the code is used to recoghize the signal
addressed to it and to extract information. To identily one signal among several
ones sharing the same band at the same time, correlation techmiques are generally
employed. Spread spectrum is a modulation technique for multiple access or for
increasing the immumity to noise and interference. Spread spectrum systems
make use of = sequential noise-like signal structure, for example pseudo-noise
{PN) codes, to spread the normeally narrowband information signal over a
relatively wide band of frequencies. The receiver correlates these signals to
retrieve the original information signal. The signal occupies a bandwidth in
excess of the minimum necessary to convey the information. The band spread is
accomplished by means of a code which is independent of the information data,
and a synchronized reception with the code at the receiver is used for
despreading and subsequent data recovery.

Constraints

New technology makes it possible to accomplish the intended purpose using
a smaller amount of the resources. A possible solution to the spectrum shortage
would be, therefore, to replace the existing systems by new ones, less
"consuming”. This is probably the most radical and effective approach, but
requires enormous investments in new equipment and in development of new
technologies and needs time. It is, therefore, inaccessible for countries lacking
the necessary funds and industrial infrastructure. The history of spectrum-
efficient single-side band (SSB) HF broadcasting is & good iltustration. The 5SB
technique has been known for 60 years or 3o, but the grester cost of SSB
receivers and the investment in the existing equipment have made it impossible,
up to the present time, to introduce it. The new technology might, however, be
practical when it is paralleled by s new application or servics,

In many cases, more efficient coordination and harmonization of competing
requirements results in the accommodation of a greater humber of users sharing
the spectrum resources. Such a coordination does not require changes in the
spectrum use policy, also investments in new radio communication technologies
are not necessary, Instead it needs more advanced spectrum engineering.

Computer tools

Spectrum engineering problems are characterized by a large aumber of
variables, complex interactions, and the huge collections of datas which implies
the application of computer techniques. Since the emergence of personal
computers, declining prices of hardware and software and increasing computing
power have resulted in a phenomenal growth in their use, with 40% increase
yearly [4]. Easy access to computess and user-friendly software allows more and
more people, even with modest budget 2nd programming skills, to use them
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successfully in daily work. Analyses that, twenty years ago, might have required
weeks, can now be completed in hours with laplop computers. Spectrum
engineering has became computer-aided. This section gives a short overview of
current trends in this field.

Simulati

Engineering decisions are usually based on experimental data and, when
such data are unavailable or incomplete, special measuring campaigns are needed.
Usually, such campaigns are too expensive and/or require too much time. In
many cases, computer simulation may offer a more practical solution. Numerical
simulation has become a powerful tool in various applications, supplementing
traditional mathematical analyses and “"real-world® experiments. A simulated
experiment is less expensive and avoids the risks of the ‘real-world”. It is easier
1o prepare, to perform, to control and 1o repeat. 1U can also modify the time
scale, if the “real® experiment ruas too quickly or too slowly. Processes which
normally require months or years 1o develop can be accelerated to run in minutes.

Another important characteristic of numerical simulstion is its ability to
examine systems which are intractable to experimental manipulation or too
complex for exact mathematical treatment. Examining new systems which exist
only in conceptual forms, testing hypotheses, or examining postulated
modifications to existing systems, are examples. The first simulations were
limited 10 large computers. Now, microcomputers have as much computing
capability as mainframes of only 8 few years ago, and the technique is becoming
more and more popular.

In the future, simulstion modsls of radiocommunication system might serve
as working tools for efficient spectrum management oo 8 national and world-
wide scale. Such models would simulste unintended interactions between the
systoms and with the environment, and would use dynamic, real-time monitoring
daia bases on the actual use of the spectrum/orbit resources. Simulation
techniques might also be applied to improve the mechanism of future spectrum
allocation conferences.

Visualizati

Visualization is vital in man-computer communication. Colour grapkics in
the form of diagrams and maps are in widespread use today. In the future, one
may expect a wider spplication of amimation lechniquss wnd three-dimensional
visualization. Hardware for three-dimensionsl computer graphics has been
available for 10 years or so, but only recently lower-priced systems have pushed
the technology toward more widespread use. The left- and right-perspeciive are
computed for each image from the samo data set, and displayed consecutively. A
pair of liquid-crystal eyeglasses, switched synchromously, routes the images
accordingly to the viewer's right and left eyes, a3 required for stereo vision. The
synchronization signal is fed 10 the glasses through a miniature infra-red link. It
is expected that the greatest benefit will be obtained with the really complex dats
sots and many variables, as encountered in simulation of EMC problems.

User interface increases productivity. Early software took the form of
separate programs or subroutines. Libraries of subroutines are still 3 common
and useful form of software packaging. However, this form requires that special
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driver programs be written. More receatly, microprocessor software has become
available in the form of command- or menu-driven packages not requiring any
drivers. As the command set becomes richer, more control over data
manipulation is offered, and the end product resembles a new programming
language (macro). Another approach is to provide s protolype program that is
designed to be easily modified by the user. It is the teaching-aid approach, not
widely used commercially, as it discloses the source code. Special “wtor®
programs are frequently offered to help learn new software.

. ication.

Interference-free exploitation of the common spectrum/orbit resources
requires large amounts of data, technical and administrative, 10 be interchanged
between all parties. The data are exchanged within and among the countries in
bilateral and multilateral relations. The CCIR has elaborated detailed
specifications which allow for such sn exchange in computer-readable form.
Although waditional paper-forms are still in use, more and more data related to
the multilateral spectrum management are submitted to the [TU Headquarters an
tapes and disketies. Al information gathered is published by ITU in the
traditional form, and also on CD-ROM compact disks, The ITU Telecom
Information Services (TIES), just commencing, has offered world-wide
interactive electronic mail and computer conferencing, basically free of charge.
Access to ITU sofiware libraries and data bases with flexible query and
extraction facilities, including updating where applicable, is being made available.

Software portability & transoortability. A program is poriable over a given
range of machines and compilers if it can run to specified performance criteria
on that range withow! any alteration. A program is tranaportable over 2 given
range of machines and compilers if it can run on that rangs after changes which
can be implemented mechanically by w processor and are limited in number,
extent, and complexity. Lack of portability and trangportability can create
problems in program exchange and direct accoss 10 CCIR woftware.

The CCIR software is of two types. Software of 1he first type has been
developed through the CCIR Study Groups snd complements the relevant CCIR
Recommendations. It has been reviewed, verifind aod approved for
dissemination by groups of esperts from various countries. Software of the
second type has been submitted under CCIR Resolution 83 by individual
participants in CCIR work, It has been crested independently of CCIR studies
and may be unrelated to CCIR Recommendations. Soms programs of this
category have been, however, reviewed by CCIR Inserim Working Party 1/2
(now Working Group 1A).

This software is available, basically free of charge, directly from the
originators, and if it has been supplied, also from the CCIR Headquarters and
through the ITU TIES network, On request, the CCIR Secretariat can copy and
distribute it with the reimbursement of the costs of materisl, postage and
processing. ‘The distribution, however, does not imply any form of endorsement.
CCIR software is provided on an “as is” basis, without any warranty, and some
modification may be required before it can be utilized with a specific type of
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compuler hardware. The proprietary and suthos’s rights are reserved by the
submitters/originators.

Concluding remarks

Today, many countries and interest groups compete for the access to the
common resources of the radio frequency spectrum and geostationary orbit. Most
of the usable parts of them are already in use and the current demand cannot be
fully satisfied. Conflict ol interest and competition involve strong non-technical
issues. It is easy to see, however, that this situation is not new. The same
problems have plagued radio communications since the very beginning, modified
only by the specific technology of the day. Every twenty years of 5o, the same
questions are formulated concerning the lack of radio frequency spectrum and
inadequacy of spectrum management rules, Current practices are then reviewed
and adjusted to the new situation as minimally as necessary.

As use of the resources and demand for them increase, automated

engineering tools are increasingly needed for spectrum management. Adequate ~

criteria and measures are also necessary to encourage the teplacement of systems
that use excessively the spectrum resource with spectrum conserving ones,
Circuit theory offers direct synthesis algorithms to design circuits in accordance
with given requirements and criteria.  This is not the case in spectrum
engineering. Not only explicit synthesis methods are missing, but also generally
accepted measures of rgoodness” are lacking. Thus, partial solutions, heuristic
methods, intuitive engineeting practices and "do-it-yourself* techniques are often
applied.

The spectrum engineering discipline needs to be developed further and
peacked by scientific support. Improved spectrum engineering is nteded to
coordinate and harmonize compeling requircments of ever increasing number of
the spectrum users in & cost-effective way. Howdver, spectrum engineering
remains not very popular and without a change of this situation it will be
difficult to reach any significant progress.

Note: The views expressed in this paper are those of the auther and do not
necessarily represent those of the ITU or CCIR.
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FREFACE

Resolution No, 7 of the World Adsinistrative Radlo Conference, Geneva,
1979 (referred to hareafter as WARC-79), made provision for meetings to be
organized bstwesn representatives of the Ifnternationsl Frequancy Reglstration
Board (IFRB) and of the International Radio Consultative Commicres {CCIR) and
personnel involved in fraquency management wmatters from adninistrations of
developing and developad countries to discuss questions relating to the
astablishment and operation of fraquency management units, taking 1into account
the particular needs of the developing countries, to design possible standard
etructures for such units, and to identify the mesns required to satisfy those
needs .

The First meeting on the davelopment of national radio frequency
managewent vas held in Genava from 24 to 28 Octobar 1983, end 140 participants
from 75 administrations attended, The rsport of this meating was published by
the Sscretsry-Ceneral of the ITU in his Cireular-letter No. 13 of 22 March
1984,

In the time available the masting could not deal with the question of
standard structures of the fraquency management units or with the meams required
to permit developing countries to st up these units. Need for a second meeting
was {dentified with a viev to completing the tasks outlined in Resolution Ne. 7.
in this respect the wmeating defined the work to he carried out by the
sdninistrations, tha IFRM and the CCIR in che period preceding thiz second
maating.

One of the main goals tidentified in Resolution No. 7 is to dafine
standard structuras or models of nactional frequency management units for
developlng tountries, and the first meeting sdopted the principle of preparing a
questionnaite to be sent to all administrations in order to assenble information
on the current practices of sdsinistrations in this egntext. The questionnaire
was distributad to adeinistrations under IFRB Clircular-letter No. 585 dated
30 July 1984. A consolidated report on the replies received was used as a basis
for discusaion at the second mesting. The report regarding standard structures
for frequency msanagement units was distributed through ITFRB Circular-letter
No. 677 of l&é November 1986. The second mesting tock placs in Geneva from 8 to
11 September 1987 snd 76 participancs from 34 sdministrations attended.

The first mseting concluded that it would ba useful to the developing
countries 1f tha IFREB and the CCIR prepared a booklet desaribing the most basic
functions, tasks and daily operations proper to a frequency msnagesment unit.

Following the recosmendations made at the second meating, the IFRBE and
the CCIR have collaborated in this revised version of the booklet. which 1t 1is
hopad will ba of assistance to administrations when sstablighing or daveloping
their national fraquancy sanagésent units.

1v

The booklet includes an annex which iz s glossary of terms used in the
text that have a particular seaning in the context of frequency sanagement: when
such & term appears for the first time In the text it 1s set in ftalics. The
glossary alsc includes a selection of terms which, although not appearing im the
booklet, are fzrsquently encountered in the same context.
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CHAPTER 1

FREQUENCY MANACEMENT IN GCENERAL

1.1 BACKGROUWD

Frequency management can be defined as the administrative and technical
procedures necessary to snsure the opsration of radio stations of different
radlocomsunication services at sny glven tise without causing or receiving
harmful interfsrence.

Oving to the axtensive use being mads of the radio frequency spectrus
1t is now very difficult to asllocate bands of interference-fres frequencies to
individual radio servigces: ths requiresents can ba mat only on & basis of
sharing tims, space and frequency.

This means that simple aszignment procedures applied in the past and
simple network plans for ths uss of fraqusncies may not always be satisfactory
in the short or in the long term and are ilnadsquats in congested areas. It is
necassary to make slactromagnetic compatidillity (ENC) analyses before
frequancies ara assigned. The bulk of teachnicasl snd administrative work
involved raquires datailed knowledge not only of the equipment characteristics
used but also of the physical characteristics of propagation over the whole
radio frequency spectrul. Thess activities need to bes set within an
organizational framework,

The administrative and regulatory procedures relevant in the
international -context sre ¢describad in detail in the IFRD Randbook on Radio
Segulatory Procedures. CCIR Recoumendations, Reports and Handbooks provide =
basis for the technical aspeets.

The regulatory procedurss adopted for tnternal application within a
country Are & martsr to ba decidad by the country concerned, but they should
embody ths provisions contained 1n the International Talecommunication
Convantion and the Radico Regulations Dbscsuse the telecommunication
administration of a country, &s a Membar of the ITU, has undertaken to apply
them within the national territory as well as in ita relations with other Mewber
countries.

The principles of tha teschnical procedures relevant in varying degress
to both national and international spectrum managemenc, and general guldance
based on thess principles, ars explained in general terms in the CCIR Handbook
on Spectrum Management and Computer-Aided Techniques, and the CCIR Handbook for
Monitoring Stations, and ars documsnted in the relevant texts of CCIR
Recommendacions and Reports.

The pressnt bookler aets forth the prinsiples underlying the
estsblishment and operation of a nstional spectrum sunagement unit. 1t is based
on official texts of the 1FRB and the CCIR.

34

1.2 USE OF TERMS

In all documentation of the ITU ralating to tha use of the radio
frequency spesctrum ths Ctarms definad in RR17-19 ara spplied strictly in
accordance with their definitions, These definicions ars listed in the glossary
in the annex to this beoklat but Im view of thefr lwportance in frequency
managesent they are reproduced below,

RR17: Allocation (of a fraquancy band): Entry in che Table of Fraquency
Allocations of s given frequancy band for the purposs of its use
by one or more terrestrial or space radiocommunicarion services
or the radlo sstronowy service under specified conditions. This
tarm shall also be applied to the fraquency band concerned.

RR18: Allotment (of & vadio fraguency OF radio-fraquency channel}:
Entry of a designated frequency ¢harnel In an agread plan,
adopted by & compatent conference, for use by one or more
sdoinistrations for a terrastrial or space radiocommunication
ssrvice in ons or more idantified countries or geographical areas
and under specified condiciona.

BR19: Assignment (of a radio frequency er radio-fraquency channel):
Authorization given by an adainiscration for a radie station to
use & radio fraquency or radic-fraquancy channsl under spacified
conditions.

It follows from theze three definitions that allocations (of frequency
bands to services) srs mads by appropriastely authorized world adsiniatrative
radic confersnces of the 1TU. Allotments (of fraquencies to geographical aresas)
are mads by appropriatsly authorized world administrative radlo confersnces
which may also adopt a procedure for updating such allotments, The assigraent of
a frequency (to & station) is normally made by sn sdminlstration, through the
licensing procass, but a world-wide, regional of sub-regional planning
confarance may adopt a frequancy assignment plan indicating frequencies that an
administration may assign to specific stations and cthe assoclated
characteristics.



CHAFTER 2

THE OBLIGATIONS OF AN ADMINISTRATION IN THE CONTEXT
OF FREQUENCY MANACEMENT

2.1 PURPOSE OF AND NEED FOR INTERNATIONAL RECULATIONS

The radio frequancy spectrum and the gesostationary-satellite orbit are
two limited natural resources aveilsble to all mankind, Each of these resources
has cthe unique propsrty of being conserved 1f it is used properly, and vasted if
it is not used properly.

Radio waves propagate in space with no regard for political frontiers:
thus, of thres users who may be in the same country or two or chres different
countries, user A comsunicating with ussr B on s particular frequency may very
wvall csuss faterference to the services of user ¢. There must therefors be soms
regulation in the use of ths (frequency spectrum. Moreover, since ssveral
countriss may be involved in ensuring the interference-fres use of s frequency
by any station, that regulation must taks the form of an international
agtesment, dafining all the conditions of such use,

The  first sssential requiresent for the orderly use of the frequency
spectrus fs the division of that spectTus into sepsrate parts (referred to as
bands), each of which can bs ucilized by ona or wore radiocomaunication
services.

The second essentisl step is the division of the world inta thres
discinct Reglons called Region 1, Reglon 2 and Reglon 3. Thess divisions find
expression in tha Table of Frequency Allocations in Article & of the Radio
Regulations.

The next essential requirement is the application of pre-established
regulatory procedures for che use of frequencias by stacions in the same service
or in different services in such a way that Interference between different
countries Lis avolded: appropriate procadures have been developed, and these too
are preascribed in the Radlo Regulations, -

2.2 INTERNATIONAL. RECULATIONS

The firsc internationsl rsgulacions in the field of telecommunications
ware adopted at & conference in 1865 in Paris, thereby creating the
International Telegraph Union.

Oving to rapid davelopments In the flsld of telecommunications,
revision and updating of che first regularicns ware continuously mnesded. This
nead has bsen met by successive conferances held under the aegis of the
Internacional Tslegraph Union, subssquently renamed cthe International
Telecommunication Union. With the advent of space technology and the ueed to
regulate tha use of space radiocomsunications, and particularly the
gesostacionary-satellite orbit, nev provisions have besn adopted in the Radio
Regulations,

-4 -

Today cthess regulations are contained 1n the Internacional
Telecommunication Convantion (Nairobl, 1982), and the Adminiztracive Regulations
annexed thersetc. The Radic Regulations are part of the Adminiscrative
Regulations which are snnexed toe the Conventica. The Convention snd the
Regulations are binding upon thoss geverrnwents which have signed and racified or
have acceded to them. The underlying principle upon which the effactivenass of
the Convention and the Regulations is based is ths voluntary undertaking by each
signatory to cosply and ensure internsticnal coopsration.

2.3 THE RADIO REGULATIONS

2.3.1 Genarally aspeaking, the Radio Regulations define the rules to be
applied in using cthe spectrum and the orbit, as well as the rights and
obligatfions resulting from this use. Successive radio confarences have rafined
these rules to adapt thes to technological advances. Ths principles davsloped
by the radio confersnces can be catagorized under five general headings:

s)  the allocation of frequency bands to spacific services;

b} the requirements to obeain prier sgresment in cases whers
allocations ars made to mwest the specific requiresents of a
country or a group of countries;

¢) the adoption of plans wvhers practicable;

d)  the prior coordination in some cases of the proposed utilization
of frequencies in shared bands; and

e) the adoption of procedurss for novification and vegletration of
frequency assignments in the pPlanned and unplanned frequancy
bands.

2.3.2 Chapter III of the Redio Regulations, Censva, 1979, edition of 1982,
revised 1988, conscitutes a shd comprises

- genarsl rules for the Assignment and use of frequancies, Article 6
- Provisions for spscial egrassents, Article 7

- allocation of frequency bands swang defined radio services,
Article &

- specisl rules for the assignment and use of fraquencies,
Articls 9

The special rules relating to particular radio ssrvices ars to be found
in Part B of the Radio Regulaticns, Chapters VIII, X, XI and XII. Many of these
special rules concern tha use of fraquanciss snd are ghligatory in character.

2.3.3 The Radic Regulations ars completed by 44 Appendices, most of thea
containing Jdetailad provisions, some in tabular form, vhich cannot be included
convenlsntly in the body of the Rsgulations. ‘The Appendices have the same
status as the octher provisions of the Radio Regulations.

7
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in addition to proviaions of the Radic Regulations, a world
adainistrative radio conferencs may adopt rasclutions and recommsendations. In
its application of the Radio Regulatlons, tha Board considers that when
referances to these rasolutions or recommendations are made in a provision of
the Radio Regulations (for example Resolution Ko. 500 in RR458 and
Recommendation No. 504 in RR480), they becoms cbligstory undet that provision.

2.4 THE PROCEDURES IM THE RADIO REGULATIONS

2.4.1 In sccordance wich the provisions of ths Radic Regulations, any
frequency assignment, with certsin spacified exceptions, shall be notified to
the 1FRB:

a) 1Lf the use of the frequancy 1s capable of causing harmful
interfersnce to any servics of snother administration;

b) 1f the freguancy 1s to be used for internationsl
radiocommunication; or

¢) 1f it is dasired to obtsin international recognition of the use of
the frequency.

2.4.2 The procedurss governing notification and registrscion of frequency
assigneents in the Haster International Frequency Reglster (MIFR) way be broadly
subdivided into the acts of coordination, notification, axamination and
registration,

Prior to 1947, ths procedures for the selection snd publication of
fraquencies, togather with the procedurss for tha rasolution of haraful
tntarfersnce problems, wers not of a detailed mnature and all negotiations
concerning the use of the spectrua, tncluding the rasolutlon of harmful
intarference, wers carried out entirsly batween the adainistrations concerned.

In 1947, with the rapidly expanding use of radiocommunication, the
administrations found it necessary to develop more sophisticated, mandatory
procedures governing the use of tha apectrum. The intant of theas procadures was
in effact to psrmit & mors coordinatad use of the spsctrum prier to tha actual
use of frequencies by administrations, thus reducing the probability of harmful
interfarence. In the late 1950s and 19608, with ths widespread use ef more
advanced tarrestrial aystems (radioc relay links) and with the advent of space
rediocommunications, thers vas a nead to develop procedures for increased prior
coordination of tha use of fraquenciss and even more complex technical
exiterias.

2.4.3 So far ss ths problem of harmful interferencs is concerned, each
sdainistration wishing to put into ssrvice a new starion, 1likely to cause
interference outside the territory of the country in which it is located, 12
under gbligation to send a notica of its intentions to tha IFRB, giving the
technical characteristics of the statlon concernad. The Board examines the
notice for {ts conformity with the Table of Frequency Allocations and the other
provisions of the Radio Regulations end then assesses the extent to which the
use of the frequsncy, under the notified conditions, could cause interference to
stations of any other administration recorded 1in the Haster Internaticnal
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Frequency Reglster. If the Board finds that thers is a probablilicy of such
{nterference, the notice {s returned to the notifying administration which then,
normally, searches for an alcernative frequency or modifies the charactsristics
of the atation in such a way as to obviate the probable haraful interference. If
the Board finds that thers is lictle or no probability of harnful interference
with existing sntries of other adminlstrations fn the Master Reglster, the

notices will normally raceive a favourable filoding. The particulars of the

assignmenc are entered in the Haster Reglater, accompanied by all relevant
remarks, which establishes the legal status of the assignment yig-d-vis other
axisting and future sssignments.

2.5 THE INTERRATIONAL FREQUENCY RECISTRATION BOARD ——

The IFRR was crested at the Atlantic City Plenipotentiary Conference,
1947. Although its compesition, duties snd working mathods have undetrgona Eoma
changes sinca then, it remains a collegiate body possessing through its members
a thorough knowledge of radiocomsunfcations and the problame of thelr use in
various regions Cthroughout the world. The Convention specifiss that members of
the Board shall serve, mnot as reprasanting their respectiva countries, or a
regfon, but as custodians of an international public trust, and requires Members
of the ITU to respect ths internatlional character of the Bosrd snd the duties of
the Board membars, and to refrain froma any sttempt to i{nfluence them in the
exerclse of these duties.

The Board at present comprises five Menbers slected at the
Plenipotentiary Confersnce of the ITU, and 1 assisted by a specialized
secratariat of about 150 persons vorking under the dirsction of the Board.

The composition and essential duties of the IFRB are defined in
Arcicles 10 and 57 of the Convention, Thesas may be sumnarized as follows:

- to effect an orderly recording of frequancy assignsents made by
the different countries;

- to effect an orderly recording of the orbital positions ssaigned
by countries to geostationary satellites;

- to advise countries on efficient utilisstion of the spectrum and
the geolcnttonary-lltslltt- orbit;

- to follow tha procedurss laid down in the Radio Ragulations or by
Administrative Conferences;

- to provide technical assistance in organizing and preparing for
radic conferences in consultatlon with the other parmanent organs
of the Union, and to assist developing countries in thelr
preparaticns for such confarencas; and

- to masintain the records essential for the perforsance of 1its
dutles.

c¥d



Article 10 of the Radio Regulations (Geneva, 1979, editlon of 1982,
revised 1988) glves a dactailed dascription of che Board's duties and working
methods, which may be susmarized as follows:

- the processing of frequancy assignment notices, including
information about orbital locations of geostaticnary satellites,
Tacelved from adainistratfons for recording in the Master
International Frequency Register (MIFR);

- the processing of information recsived 1in application of the
procedures of the Radio Regulaticns (advance publication,
coordination, notification, ste.);

. the processing and coordination of seasonal HF broadcasting
schadules;

- the perlodic compilation of the International Frequency Lisc
(IFL) reflecting the dats recordad in the KIFR;

»  the review and updating of the MIFR;

. the atudy, on & long-term basis, of spectrum utilization wich a
view to snsuring msaiwam efficiency;

. the investigation of casss of haraful interferencs;

. the provision of assistsnce to adminiscrations in ths fleld of
radio spectrum utilizacion and the training of senior staff;

- the collection of the results of monitoring observations;

- tha devalopment of technical standards and rules of procedurs for
internsl use by the Boaxd.

The Board examines all freaquency assigrment notices subaltted to {¢ by
adainistracions, —snd formulates in respect of sach notics whet che Radlo
Regulations term s "finding*. Esch finding is a statement of a Juridical nature
based on yegulstory and technical grounds: 1t results in a decision efther to
record the sasignment in che MIFR in accordance with the Radio Regulacions or to
return tha notice to the notifying adainistrstion beceuse of its nonconformicy
vith ona or more relevant provisions. '

The procedures to be followad by the administractions snd by the Board
in the processing of nottfications and the recording of assignments ars
prescribed in Chapter 1V of che Radio Regulations and are described in detafl in
the IFRB Handbook on Radio Regulatory Procedures. The Board snsures uniformicy
in spplication of thess procedurss by sstablishing ocbjective technicel standards
and rules of procedure, which sre published in looss-leaf form as they appear
(ses IFRB Circular-lecter No, 692 of 18 May 1987).

2.6 THE INTERNATIONAL RADIO CONSULTATIVE COMMITIRE

The Internatiocnal Radio Consultative Committss (CCIR) 13 the parmanent
organ of ths Internacional Telecommunication Union whose duties undsr tha
International Telecommunication Convention ars “to study tachnical and
opsrating quastions relating specifically to radiocomsunication without limit of

" frequency range, and to fssus Tecommendstions on cthea® ({Internaticnal

Telecomaunication Convention, Nairebi, 1982, First Part, Chaptar I, Articls 11,
No. 83).

The objectives of the CCIR are in particular:

a) to provide ths technical bases for use by adeinistracive radio
confarances and radioccomsunicetion services for efficlent
utilization of the radio-frequency spectrum and the geostationary-
satellite orbit, bearing in mind the needs of the various radic
sexvices;

b}  to recomsend performance standards for radio systems and technlcal
arrangemants vhich assurs their effective and compatible
incervorking in intarnacional telecommanications;

€) to colleet, exchange, analyse and disseminate technical
information resulcing from studies by the CCIR, end other
information avsilable, for the davelopasnt, planning and operacion
of radic asystems, including any necessary special measuras
required to facilitate the uss of such informatfon in davaloping
countriee.

The CCIR works through the medium of & nusber of Study Croups, each
desling with a perticular sspect of rediocommunicacion (ses Table 2.1). The
Study Groups prepars draft Reports and Recossendations which are considered by
the Plsnary Assesbly (which meets usually every four years), snd many of thoss
adopted form the basis for zevision of the Radio Regulations at world
adainistrative radio conferences. The approved Reporcs and Recommendations of
the CCIR are not of themselves cbligatory in the same cONCext as the Radle
Regulations, but serva as standards for use by the world‘s telecomsunicatfon
community. They may bs incorporated on & national basis within national
legislation and through spscial procedures asdopted by ITU Kember countries as
obligatory in cerctain cases, e.g. spacs services coordinstion.

An Interim Working Party (IWP) may bs set up by a Study Group (or
Jointly by more than one Study Group) if it is nNacessary o expsdite work on a
particular study: for example, IWP 1/2 (set up by Study Group 1) ia responsible
for study of computer-aided rtechnlques in frequency management, and IWP 1/5
{also ser up by Study Group 1) {s responsible for updating the CCIR Handbook for
Monitoring Statfons,
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TABLE 2.1
The Recommendations and Reports adopted by the Plenary Assemblies are
published on a four-year cycls, In a set of volumes covering the subject matter CCIR Study Groups
of each Study Group (ses Bibliegraphy).

The CCIK say also be invited to participate in the preparatory work

prior to an adainistrative radico conference, with the nain objectiva of Basic technical

preparing a report on the technical snd operaticnal toplcs relevant to the

agenda of the conferance concerned. 1 - Spectrum utflization and monitoring
In 1978 the CCIR Plenary Assembly recognized thst with the incressing 5 - Propagation in non-ionized media

complexity of sxpectrum management it may bes practicable to employ computer-

assisted techniquas to achiave more efficient spectrum utilization. 6 - lonospheric propagation

Consequently, 1t decided to create an Interim Working Party (IWP 1/2) to prepare

a spacial Handbook., Ascording to Raccamendation No. 31 of the World Radiccommunication services

Administrative Radio Conference (WARC-79) the Handbook describes various aspects

of radioc frequency management as wall as providing guidelines for various levels 2 - Space research and radio astronemy

of practical application of computer techniquas to this goal. This Handbook was

published in 1983 and revized in 1986 (ses section 5.3 and the Bibliography). 3 - Fixed service at fraquancies bslov about 30 MHz
The CCIR Handbook for MHonitoring Statfons contains the essentlal 4 - Fixed-zatellite service

information for the establishment, staffing end operation of a monitoring

system. This Handbook was firet published in 1968 and its updated version is in 7 + Standard frequancies end time signals

preparation.

8 - Mobile services

9 - Fixed service using radioc relay systems

10 - Broadcasting ssrvice - sound

11 - Broadcesting service - talevision
Jeoint CCIR/CCITY Study Groups administersd by CCIR

CHV - Vocabulary

CNIT - Transmission of sound broadcasting and telsvision signals over
long distances



CHAPTER 3

THE OBJECTIVES AND FUNCTIONS OF AN ADMINISTRATION IN THE
CONTEXT OF NATIOHAL FREQUENCY MANAGEMENT

3.1 CENERAL OBJECTIVES OF MATIONAL FREQUENCY MANAGEMENT

31 ¥he fsct that the Intarnational Telscommunication Convention and the
Radic Ragulations annexed to that Convention sre intergovernmsntal treaties,
which have to be ratified and sccepted by the governments of the countries
Mewbars of the ITU, weans that tha governments undartaks to apply the provisicus
of the International Telecommunication Convantion and the Radio Regulactions in
thelr countries as vwell as in the other geographical areas under their
jurisdiccion.

This also means that the governsents of the Membar countriss of the ITU
have to adopt national legislations that include, as the basic miniaum, the
essentiasl provisions of the Convention and ths Radio Regulations, which must
apply to the radiccommunication services including those relating to national
defence and national security {military, pelice, intalligence services, etc.).

3.1.2 The prims objectives of national frequancy management are to permit a
country to Tegulata the use of the rtadic frequency spectrua and Cthe
geostationary-satellite orbic, to snsute the availability of radio frequencles
and orbit locations for the orderly use snd development of radio services of the
country, and to psymit the country to fulfil ics iotarnstionsl obligations, To
this effect, & country has to adopt national leglslacion (including =means of
snforcemsent) enabling its frsquency Ransgement orgsnization:

- to davelop nationsl policy snd national regulations for the
offective use of the spectrum .on the basis of cths internal
priorities of tha gountry;

- to 1identify the spectrum requirsments to satisfy the nessds of the
country; -

- to record and process users’ Tequasts, to coordinate them with
other users nationally and with sdministrations of other countries
and te authorizs the uss of radiocomsunications by issuing
licences in appropriate cases;

. to develop technical standards and enginesring analysis models;

- to monitor and detect any oparstional or technical irregularities
and takey corrective action;

- to reselve casss of haraful interference;

- to prosets and safeguard national  interests relating to
radiocomsunications in international confersnces snd meetings.
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3.1.3 To carry out thess sssential tasks and to implement ths provisions of
the Convention, the Radio Regulations, and hilatersl or multilateral treatlies as
sppropriate with neighbouring countries, thers is & need for an identifiable
frequency management suthority Ln each country having the nacessary povers and
an appropriate supporting unit, It will be responsible for tha planning and
coordination of the uss of radio frequenciss by individuals, organizations and
services in the country with particular regard to national security, safery of
human 1life, public telecommunication, mass media (such as broadcasting and
talevision), services for the public (such as transportation, supplies, heslth
services, indusctries), sclentific and technical research and dJdevelopment, and
aven the application of radioccommunication to psrsonal hobbies of individuals.
Contributing as it doss to the social and econoaic development and well-being of
the country, the planned and coordinated use of radic frequancies through a
nationsl frequency management authority deserves & high priority in each
nation's considerstions.

J.1.4 Each country should therefors estsblish a frequency wmanagessnt
authority according to its particular requirsmsnts and available resources and
adopt for it the organizational structurs bast suited for carrying out ics
tasks. The structurs may differ from one ceuntry to enother, but ic is lts
essential duty to mest the objectives listed in ssction 3.1.2 and thus ensure
that the radic frequsncy spectrus and geostationary-satellite orbit are
rationally and properly used.

Recognizing that ths international snd national functions of frequency
mansgement are very closely interlinked, wost countrias have found 1t
sppropriate to set up a single suthority whose responsibilicies cover both
aspects. This authority is the "sadainistration® (defined in RR}) for the country
concerned.

3.2 THE BASIC FINICTIONS TO BE PERFORMED BY & MATIONAL FEEQUENCY MANACEMENT
UNIT

The basic functions of & frequency management unit in suppert of the
national suthority can bs fidentified as:

- long-term spectrum managemsnt policy and planning;

- sstablishment of & table of national frsquency allocations and
national regulacions;

- assignaent of frequancies;
- licensing snd authorization of the use of gadiocommunications;
- internationsl relations in the context of ypectium management;

- establishment of technical astandards and snglnesring support
facilicles;

. record keeping;
. inspection of inscallations;

. monitoring the use of che spsctrum.
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These functions are discussed Individually in sectlons 3.2.1 - 3,2.9
below. More detalled informatlion can be obtained from the CCIR Handbook on
Spectrus Management and Computer-Alded Techniques.

3.2 Long-tars spectius manageasent pelicy and planning

On the basis of social, sconomic and political requitements a national
policy for mansgement of the spectrum and leng-term plans reflecting that policy
have to ba developed and kept under review. Such plans will be reflected in the
national table of frequency sllocations and supported by appropriate national
regulations.

The prisary gosls of this function are to determine and periodically
update the existing and futures requiraments for the various radlocommunication
services on the bagis of vhich a long-tezrm natlonal policy can be established,
bearing in mind the national priorities, and to conduct necessary studles in
this fileld.

3.2.2 Establisheant of a tebls of naticnal frequancy sllocetions snd national
kegulations

A table of national frequency allocations has to be established in
accordance with the national priorities: this table has to be in conformity with
the internationally adoptad allocations prescribed in Article 8 of the Radio
Regulations (ses RR342Z), but may bs wors detsiled - for example, a frequency
band allocated {internationally to the fixed and wmoblle services might be
subdivided and allocated in accordance with the national prioricies partly to
the fixed service and partly to the wobile service, each on an exclusive basls,
Further subdivision is possible: a band allocatad nationally to the land mobile
setvica might be splir so that defined portions are allocated to particular
categories of user such as the fire or embulance services, services used by the
public, or government services.

Figure 3.1 shows an extract from the International Frequency Allocation
Tablae, taken from Articla 8 of tha Radic Regulations.

Figurs 3.2 shows as an example tha corresponding extract from a
national allocation tabls which might be adopted by a country in Reglon 2. This
exsmple doas not repfessnt any particular or recomaended national allocations ot
presentatfon.

Once the national frsquency allocation tabla has besn established, 1t
must be kept under review to ensurs that all national requiremsnts can be met,
and wmust bs supported by approprists nstionsl legislation and regulations
prescribing the operating conditlions spplicable to the various services and
frequency bands - for exsmple power limitations, or prescribad areas of use -
which will be reflected in the terms of the licance.
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3.2.3 Asalgnment of freguencies

The frequency assignment function is responsible for ansuring the
electromagnetic compacibility of all proposed or requested assignments with
regard to existing assignments on a national or internationsl basis, as
appropriate. It will include the analysis of requirements for propossd radio
services together with any velavant studies, and tha assigrment of the
frequencies to he used in accordance with the national plan, and it may be
responsible for the coordination and notificatlon to the IFRB of assignmants
requiring to ba so coordinated and notifled in accordance with the Radio
Regulations. It may slso be responsible for ralated actions necessary to
protect the country's rsdiocommunication systesa from potantial interferencs
from another country's assigrments published in the latest adition of the
International Fraquency List (IFL), List I, and in the weskly Circulars
published thersafter by the IFRB.

Once a fraquency has besn assigned to & transsitting or a receiving
station, all the technical and oparsting data indicating the spectrum space
occupled by this assignment should be entered in the nacionsl frequency
register. This register not only wserves as a reference when subsequently
selecting other usable frequencies but also provides the basic material for
taking sffective massures required to adspt nacional planning to the real
requiremants of the various users. The greatest caras should be taken in
compiling the national register and keeping it up to date; it must have room for
recording a sufficient nusber of assigrments and for all the information needed
for the clear and cowplete description of sach of them. 1f the size of the
register and its use so require, {t may be very useful to smploy modern computer
processing and recording techniques.

3.2.4 Licensing and suthorization of the use of radiccomsunications

Licensing is the process of conferring the legal authority to oparate a
radio station under conditions specified in the nacionsl regulations.

Tha Radio Regulations stipulate that no transmitting station may be
established wichout a licence {ssued by the government of the adainistration to
which the station belongs (RR2020). In some countries ths right to use a radio
receiving installation is also subjected to licensing under the rules adoptad
nationally.

Adainistrations may charge users of the apectrum a fee for thelr
licences and the licensing function may be responsible for collaction of thess
fess. The fee may reflect the degree to vhich the spectrum is used and cthe
economic benefit derived by the user, as well as the administrative costs
incurred by the administration,

Licensing thus plays a major rols in any well-structursd spactrum
sanagsment systsam. This fmsplies application of the national lagislation and the
regulations govarning radiocomsunications. Licensing activities oay include:

- serving as the main {nterface betwesen the frequency managesent
authority and the genaral public;

- conducting an examination of licence applications and related
docunents to determine:
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. the licensing eligibtlicty of the applicant from a legal and
regulatory point of view

. the technical acceptability of the radio squipment to be used

. whether other typss of communicatlon sarvices would better sult
tha nesd of the applicant

. whather the frequsncies Yequested are in a band allocated to
the typa of service inveived asnd would be in keeping with
national policy and planning requiremants

« that the propossd system has besn well designed, would nat use
axcessive pover, and would use the minimum nusber of
frequenciss nacessary te provida & reliables service

- whether antenna mast of site clearance action is necessary (for
sxample in connection with sircraft varning lights, or amenity
considerations)

- forwarding spproved subaissions for the assignment of &
frequency;

- ensuring that ths information required for the production of
1icencea is sccurately recordsd nationally;

- ensuring that relevant international ssrvice documents ars
updated;

- issuing licences to stations and, as relsvant, te opsratora (see
Articles 4& and 55 of the Radio Regulstions) and collecting fees;
and .

- renewing and cancelling licences as appropriste.

3.2.5  Interpational rslationships in the cootext gf Sgectrul mansgeacnt

In order to promots and preserve the natlonal incerssts, particlpation
in wvorld and regional adsiniatrative radic confarences of the ITU and other
mestings (such as chose of the CCIR) dealing with redic matters is important:
such mestings vequire s great deal of preparatory work. To particlpate
sffectively, each country should set up national Working Croups (in which the
views of differsnt users may be considared) in order te develop proposals and
positions on the key fssues of national isportance snd present thess views in
dus courss at the international confersnces and mastings, Following s parcicular
confersnce or mescing, the declslions taken nead to bs aenalysed and, if
approprists, ths concluded Final Acts nsed to be racified. Subssquently ths
decisions Telsvant to the country nesd to  be japlemanted. The same
considerations apply in the context of bilatersl sgreemsnts with neighbouring
countriss to settls policy or eoperational issuss, for the purposs of
coordinating cha establishment of rediccommunication systems, and for other
{tems of mutual inctersst in the uss of the radic frequancy spactrum.
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3.2.6 mmmmwmmnmw
Technical standards have to be dsveloped and applisd nationally:

- to ensure that radic systems will mest the raquired national and
{nternational overall performance requiresents (planning
standards};

- to ensure thac radio equipment will functicn satisfactorily under
the relevent conditfons (psrformsnce standards): these performance
standards will ba applicsble to equipsent used in the country
concerned whether manufactured locally or imported from abroad.
Testing is commonly carried out on vepresentative samples of the
aquipment concerned (type spproval);

- to ensure that squipment that genarates RF energy (.5
industrial, scientiffc snd medical squipment) which might cause
interference to radiocomsunicetion systems performs satisfactorily
in that respsct (sss RR181l4, RR1815): the relevant atandards may
bs thoss established by the ITU/CCIR, IEC and CISPR.

The technical standards concernad should take into account the latest
developmentas in radio technology, and should bs aimed at providing solutions to
problems of radic interfersnce snd supporting timely policy formulation for the
establishment of naticnal fraquency plans.

tThe provision of enginsering support feoilitlies, e.g. & radlo
laboratory or workshop, and expertiss in the technical snalysis of radlo
enginesring and slectromagnetic compatibility problems will greatly facflitate
the developwsnt and application of tachnicsl standayds, snd will be a source of
advica to sub-units carrying out other functions ef the frequency managsment
unit on technicsal matters.

3.2.7  Besord keeping

Record-keeping activities sre invelved {n glmost sll funceions of a
frequency managesant unit.

Accurate and up-to-date records are of utmosy lmportance for affective
national and international coordinstion, llcensing and snforcsment activitiss,
policy formulaction, fncerfersnce investigations and resclution, and financial
consideracions. bepsnding on the smount of the date to be handled and the
svailsbls resources, thass racords msy be maintained sithsr manually or by
computer. Whichever method is used, the information is stored or filed in a
datea base in such & way that it can be consulted, extracted or asendsd in a
sanner which should reflacc the importance of the data, how frequently it is to
be consulted or modifiad, snd the economice of collscting and storing ict. In the
development of a data base it {1s important to use compatible definitions,
formats and codes for the data elements cosmonly used by mors than one
organization (for exampls, notified data should conform to the IFRB praccice).
It is also necessary to waks gensrous allovance for expsnsion and provision for
reliable and frequent updating of the inforsation the data base contains.

L
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To the sxtant practicable, it 1is helpful to centralize and integrate
the data basss to slininate duplication of records, as well as to facilitatre the
updating of the information. Extended considerations on data acquisition,
maintenanca and retrieval can ba found In Chapter & of the CCIR HMandbook on
Spectrum Management and Computar-Aided Tachniques.

To carry out the essential functions of national frequency management a
number of manual er ¢omputerized data files may be astablished and maintained,
covering, for exampls:

- frequency allocation data;

- fraquency assignmant and notificstion data;

- licence holder data;

- additional aquipment characteriscics data;

. monitoring dats;

- other (o.5. adminiscrative and financf{al) datas,

Most of thesa data files are sssentially interrelated, and therefors
updating of them needs to bs synchronized.

Frequengy allecation data

In its aimplest form the frequency allocation data file iz derived from
the Table of Fraqusncy Allocations in Article 8 of the Radio Regulstions, after
adaptacion to the mnational environmant, and thus serves as the national
frequency allocation table.

Exequency assignmant snd notification daty

In general, the frequancy assignment and notification data base
containe sll the information necessary to undartake a frequency assignment, and
notify it to the IFRB if appropriste. Typical data slements contained in this
data base would includa:

- assigned fragquency;

- transmitting and receiving station particulars;

- pover;

. sulssion designation (coaprises nacessary bandwidth and class of
emission);

- certain squipment and antenna characteristics;

- nature of service.
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This data base serves as the national frequency register, and would
contain Informaticn recorded in the same format as the IFL (see IFRB Circular-
letter No. 583 of 6 July 1984) on sll national assignments made, whethsr or not
they have been notified to the IFRB, It will serve as the basic reference for
other filles such as tha licensing data and sonitoring data files, and should ba
correlated to these files.

Licence holder data

The licence holder data file contains all cthe data relevant to the
licence holder (name, address, tsleph Jtelex number, atc.), and could usefully
contain Information on licence application and renawal dates, and fees.

Ad¢itional equipment characteristics

The fragq y assigr data fils will contain certain items of
information which are relevant to the squipment in the particular context of a
glven assignaent: other, moxe general characteristics of the eguipment, such as
transaitter emission spsctrum and racsiver sslectivity, may bs recorded iIn the
equipment characteristics file. Such data may include rsference to relavant CCIR
Recomnendations and Raports.

Monitoring dats

As & rasult of the functions outlined {n section 3.2.9, monitoring snd
spactrum occupancy information will be generated, and may be wstored in a
dedicated data base.

Qthey data

Further filas may bs set up containing {nformatfon on a wide rangs of
subjects, such as planning standacds, propagation, and topographical dacta. Such
information will be useful in the planning of nev radio stations and natworks,
and {n EMC studies, Other subjects which might be covered include terrain
roughness, ground conductivity, coastlines, building density in metropoliten
areas atc., and the administrative and financisl records necessary for spactrum
management purposes.

Ssction 2.6.6 and Chapter & of the CCIR Handbook on Spectrum Nanagement
and Computer-Aided Techniques addresa ths subject of record keeping/data storage
in detail: although thess texts may be particularly relevant in the context of
computer assistance and sutomated datsa bases, they sre perfectly wvalid in the
context of manual data bases, or information files, and deserve careful study
and consideration.
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3.2.8 Inspection of lastallations

In connection with its rasponsibilicies for fssuing licences on behalf
of the government, ths national frequency mansgement authoricy must be able to
confirm that stations comply with che relevant provisions of ths Radlo
Regulations, specifically RR312, and those of the natlonal legislation which are
indicatsd 1in the terms of the licence. For that purpose it must have the staff
and equipment necessary for conducting inspsctions of stacions and checking
their operation oo the spot; it {s assumsd that the asuthority is able to check
enlssions from & distance with the monitoring facilities at its disposal.

These varfous checks spply not only to non-mobile stations but also to
wobile statlons, that is to say to ship stacions, sirxcraft stations and land
mobile stations. In the case of mobile stations, the Radio Regulations stipulate
that, when they are in ths territory undsr the jurisdiction of sn sdministration
other than that by which the 11 wvas 1 4, the statlons may be inspected
for the purposs of examining Cthe licence, obaserving any irregulsricies in the
squipment or its opsration, snd reporting them to the coapetant authorities of
the 1llcensing administration (ses arcicles 46 and 57 of the Radio Regulstions).
In the case of aircraft and ship staclons, inspection also covers examination of
the operator’s certificates,

3.2.9  Monitoring the use of the spscting

The frequency =sanagsasnt unit should have access to monitoring
facilitias to check the eaisaions of radio statlions and thelir ctechnical
charscteristics, and to ensure that they are operated in conforsity with the
standards and varicus conditions on ctha basls of which their licences wvere
fssued. This would include ensuring compliance by stacions with RR312 in the
event that national prioritiss have supported sufficient monitoring caspabilicy.

An adequats monitoring service usin;'fl:-d and/or mobile monltoring
stations can bs of great assiscance in solving probless of harmful interfersnce
and in finding suitable frequencias mot subject to such interference.

The monitoring service should be primarily designsd to mest domestic
nesds. MHowever, the stations of the monltoring service of an adainiacracion
should be prapared to cocperats with other adainistrations as well as with the
IFEE and the international monitoring system (ses Articls 20 of the Radio
Regulations). They should then conform with ths standards of performance
prsscribed by the CCIR. The CCIR Handbook for Monitering Stacions provides the
guidance needed for administrations te sstablish prioricies for monitoring
yYessources; to site, construct and adequately squip momitoring facilities; and to
appropriately carry out menitoring responsibilities of both a national and an
international naturse. It {s noted that & wonitoring systes may have a great
ranga of capabilicies while still participating in che intarnational monitoring
system estsablished under Arcicle 20 of the Radioc Regulations, depending upon the
tesources asvailsble. In practice, svery administrstion may participate in the
international monitoring system and contribute to the monitoring programees
orgsnized by the IFRS, even with the most rudimantary system. An effective
monitoring metwork, of whatevsr scals used, nesds an accessible data base of
natlonally licensed stations, as well as the International Frequency List.
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In essence, monitoring provides information needed for regulatory and
enforcement purposes on the operation of radio stations, and may also provide
statistical informstion on spectium occupancy or propagation, which may be
useful for:

- investigation of interference complaints;

- jdantification of usable frequencies;

- dacermination of the service area of & transmitting station;

- investigation of illegal opsrations and opsrations not in keeplog
with the terms of radio station licesnces;

- collection of information for prosscution cases and assistance to
lav esnforcemant agencies In carvying out the proceases of the
lav;

- ensurances of compliance by radlo station oparators with national

and international statutory and regulacory requirsments.

3.3 THE POSITION OF THE FREQUENCY MANACEMENT AUTHORITY VITHIN THE MATIONAL
ADMINISTRATIVE STRUCTURE

The position cccupled by the fraquency mansgement authority and ics
supporting unit within the nationsl government depends on the nature of cthe
administrative structurs in the country concerned, Extended lisison between the
frequency management authoricy and pelicy-making bodies 1is esssential. The
working relatlionships hatween the authority and other organizations inside or
outside the country concerned will in @ majority of csses ba thoss shown in
simplified form im Figuve 3.3.

In detarmining ths position of the sutherity within ths natiomal
adainistrative structure the following conaiderationa asre relevant:

- the dsvelopment of telacommunications is recognized to be closely
linked to the economic dsvelopment of a country, so the fraquancy
managemsnt  authority dessrves & prominent posiction 1in the
sdainistrative structurs becsauss of ite responsibility in the use
of the radic frequency apsctrum and the geostationary-satellite
orbic;

- the frequency mansgemsnt authoricy maintains rTegular contact
with:

- ths naticnal legislaturs;

- all ussrs and potential users of the radio spectrum in the
country, whather they are government, public or private
orgsnizations, or fndividuals;

+« the IFRB; and



.22 .

-2 -

or through

its own counterparts {n other countries directly,

the IFRB or by other means;
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the satwed services, or civil authorities such
given

should be

managesant authoritcy

whether any element(s) of the authority’s responsibilicies should
spectrum, e.g.

be delegated to particular groups of users or potential users

the

on allisd matters not directly concerned with frequency management

rasponsibility for coordinating snd conveying the country's views
as such, for exsmple by partiecipacing im CCIR sctivities.

vhether it is appropriate for the frequency management authorit
itself to bs & user or potential user of the radio spectrum;

as the firs and asbulance services;

whether the frequancy
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CHAPTER &

ESSENTIAL ELEMENTS OF A FHATIOHAL
FREQUENCY MANAGEMENT UNIT

4.1 TASKS TO AR PERFORMED

The basic functions of a national frequency management unit in cerrying
out Its mandate &ra described in section 3.2, The specific tasks arising
thersfrom are:

a) planning, coordinating, regulating and adainistering the use of
radio frequancles within the country;

b) establishing regulations, technical parsssters and standards
govarning the use of esach frequency band or specific frequency by
stations of differsnt services, having regard to current
intarnational regulstions and agresmants;

c) optimizing the use of the radio spectrum and the geostationary-
satsllite orbit, ensuring the harmonious operation of the
different services which use them;

d) sllocating frequancy bands in asccordance with internacional
regulations and the nationsl priorities and aasigning specific
frequencies as appropriate;

e} suthorizing the instsllation and operation of radio stations,
assigning call sfgns, and granting appropriate licences;

£f) updating all Information on authorized radiccommsunication systems
such as {requencies, the location of stacions, powars, call aigns,
etc,, and their notification to the IFRS 1if necessary;

g) appropriate notificacion of information required for inclusion {n
ths publicstions and service documents of the ITU;

h) representing, establishing relations, coordinating and ILssuing
technical opinions concerning the wuse of frequencies in
international forums;

{) seasuring the tachnical parameters of the emisstons of
radiocommmication stations as appropriate;

}) conducting systematic inspections of radiccommunication stacions
to check that they meet the technical standards and parameters for
which their equipment and opsration wers authorized;
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k) participating, so far as the use of frequencies Ia concerned, 1in
the developaent plans and projects of all radiccomwunicacion
services, ensuring that those plans ars in accordance with current
international and national regulations;

1) preparing for participation in international confersncas convened
by the ITU, participating in such confersnces and implementing any
declsions adopted;

m) conducting negotiations in connsction with frequancy spectrum
wansgement and ralated problems with octher ecountries snd
international organizations;

n) providing a natlional technicel forum for work relating to tha
Study Groups and Working Croups of the CCIR, preparing for the
participation of apecislists iIn mestings of the CCIR and
participating therein;

o) constituting the natfionsl body for relations with international
organizations other than the ITU on technicsl, regulatory and
administracive wmatters, technical cooperation and other subjects
related to utilizstion of the radio fraquency spectrum and the
geostationary-satellite orbic.

4.2 ORCANIZATION

4.2.1 A national fraquancy management unit capsble of carrying out the tasks
listed in section 4.1 may be organized in many differant ways sccording to the
requirements and resocurces of the country concarned: there f{s therefore no
single ideal arrangement. However, Figura 4.1 {llustrates the asub-units
essential in & fully devaloped national fraquancy management unit. The roles of
each sub-unit {s discussed in sections 4,2.2 - 4.2.7 belov.

4.2.2 Policy and Reguylations

The Policy snd Regulations sub-unit is ctypically responsible for the
ongoing development of national r-gulatlon- rnlatln' to the use of the radiec
frequency spectrum, taking into a in tachnology as well as
social, economic and politicsl r-tlitl.s Ninisterial regulations and
regulations requiring approval at a highar level are drafced by this sub-unic,

In addition this sub-unit may bs responaible for developing and
updating manuals for procedures and practices to be followed by other sub-
units.

National telecommunication policy aspects are commonly associated with
regulation development because of their close relacienship. Accordingly it
might alse be & primsry function of this sub-unit to conduct studies to
determine existing and future telecomaunication naeds of ths country and to
develop policles to ensura that the best combination of radio, wire line and
cable systems {s employed in meeting the identified needs.
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Such policies must take into account the needs for telecommunicaclons
established by the authorities responsible for natlonal securirty, natlional
defence, industry and commerce, In addressing thess metters, the sub-unit glves
consideration to the type of agency and operation vhich would best suit the
communication needs of the country.

The resulting national radio regulatory policies and regulatlons must
be fully docussnted and must be in lins with the Radic Regulations of the 1TU
and particularly the Tabls of Frequency Allocations,

This - sub-unit could also function as the secreCariat for any
interdepartmental policy comalttes set up in response to particular nceds, such
as the dsvalopment of long-term national policies and the preparation for
incarnational confarsnces.

Coordinarion of International Conferences and Meetings

VWorld and regional adainistrative radio conferences of the ITU and
other types of conferences and mestings can require s great deal of advance
preparation depsnding on the level of parcicipation desired by the
adainistration and the issuss under consideracion. In order to participate
sffectivaly at such gatherings an administration may set up working groups to
develop nationsl positions on the key Llssues of intersst, and this may ba done
under a coordinating sub-unit, which would work closely with the Policy and
Regulations sub-unic, the Englnssring Support sub-unit and users as necessary.

4.2.3

This sub-unit could alsa be Tesponsible for the development of
bilatersl sgresmants with naighbouring countries te setcle policy or operacional
{ssues for ths purpose of coordinating the establishasnt of comaunication
systems and other icems of mutusl interest in the radio field.

4.2.4 Ceordination, Assignaent. Licsnsing and Notificacion
The Coordination, Assighment, Licensing and Notification sub-unit could
ba orgsnized as two interrslated ssctlons:

Frequency assignment section
The frequency sssignment section 13 responsible for conducting
slectromagnetic cospatibllity analysas, and for aszigning appropriare

fraquancies to radiocossunication systems, Ic may slse initiate requests to the
Inspeccion and Monitoring sub-unit for the monitoring of specific frequencies or
frequency bands to facilitate the enginesring analysis of required assignments.

This section Ls also responsible for coordinacing all proposed
assignments with regsard to existing asssignments on a natfonal, vreglonal or
international basis. 1t notifies frequency assignments to the IFRB as required
under che BHRadlo Regulations. It also <carrises out coordlnacion and related
actions on request to protect the country's radiocommunication systems from
interference or vhen information on assignsents notified by other
sduinistrations appears in the weekly Circular published by che IFRB.

/<
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Licensjug gection

The licensing saction plays a major vole in any well-structured
spectrum aanagement unit. This section sppliss the national lagislacion,
regulations, policies and procedures governing radiocomaunications. It also

exercises control over the opsracion of statlons and the usa of frequencies by:

- examination of 1licence applications snd related documents to
dateralne the licensing eligibility of the applicant from & legal
snd regulatery point of view and the tschnical acceptablility of
the radic equipment proposed;

. granting asuthorization to entities which may not raquire a
licence, such as governmsnt agencies;

- assigning call aigns to imdividual stations;
- issuing licences and collecting fees, Lf appropriate;
- reneving and cancelling licences as appropriate;

- conducting exsaainatfions of operator compstencs
oparator certificates; and

and 1ssuing

- sscving as the main informacion buresu to the gensral public.

Engineering Support

The tols of the Enginesring Support sub-unit is vitsl and centrsl to
the full development of a mnational frasquency managemsent unit becauss the
managsment of the radic fraquency spectrum is becoming increasingly depsndsnt on
technical support. These demands come about not only from the need o find
technical solutions te the problems of radio incterference and congestion buc
also from the rapid _changes in comsunication techniquss end technology and the
consequent need for effective, timely and appropriste spsctrum planning. Hence
the Englnesring Support sub-unit must not only keep abreast of the latesat
technical developments but should, as far se possible, actively parcicipace in
the formulation of technical recommsndstions and standards for perfermance and
compatibility by internationally recognized bodias such as the CCIR.
Effsctivensss in these tasks msy be dependent on expertiss in other areas auch
as radio system dasign, technical perforsance ocbjectives, techniques for ths
development of enginesring models (propagstfion, power, antennss, statistical
analysis of performance, optiafzation technlques, etc. ).

4.2.5

The functions of ths Englneering Support sub-unic can be cerried out by
threa ssctions, as follows.

Spectrun planning sectisn

The spectrum planning ssction develops standard radio system plans
using current sngineering and radio systss plsnning practices. The purposs is ©o
ensure the most sffective use of the spsctrus by radiocoamunication ssxvices,
taking into account the Cechnical and operational factors appiicable to sach
service.

s



.29 .

Stendards and specificetions section

The standards and specifications section (s responsible for the
development of procedurss for the approval of radio equipment, and radie
standards specifications (documents which set forth ths msinimum performance
standards required for tha type approval of radio transmitters and racefivers and
othar squipment).

Spectrun snginesting section

The spectrum enginssring section {is an engineering support facilicy
which typically provides ths followving services to frequency management
cparations as a whols:

- laboratory testing of transmitting and vrecelving equipment in
kasping vith prescribed type-approval procadures;

- maintenance and calibration of lsboratory test equipment and other
squipwent used by the Inspection and Monitoring sub-unit;

- acceptsnes svaluation of squipmant being purchasad for inspaction
and monitoring purposes; and

- outfitting of special.purposs vehiclas and calibration of
squipment to ba fitted in such wehiclas.

4.2.6  Inapection and Monitoring

Ths Inspection and Monitoring sub-unit may bs organized in twe
sactions, which according to tha size and requirements of the country concerned
may be centralized or dispersed, Propagstion.conditions, particularly i{n the
VHF  and higher fraquancy bands, ars such that inspsctlion and monitoring cannot
be carried out satizfactorily from a single =site unleas the country is very
small: the use of multiple sitea or appropriately equipped vshicles for these
purposes then becomas essentiasl.

Inspection section

The inspection ssction s provided with the inspection equipment and
mobility needed to aenforce the natfonal and international statutory and
regulatory requiremsnts of frequency management. It works clossly with the
monitoring section and the Assignment and Licensing sub-unit in caollecting
information.

The functions of this section may include the tollowing:

. to invastigats intarfarencs complaints;

- to investigate radiacion from industrial, sclentific and medical
appliances;

- to investigats {llegal operations, and operations not Iin keeping

with the terms of radic station licences;
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- to collect Iinformatfion for prosecution cases and to aseist law
enforcement agencles in carrying out the processes of the law; and

- to ensure that radio station operators comply with natfonal and
internat{onal statutory and regulatory requiramants.

Honltoring section

In the management of the frequency spectrums, the monitoring section has
two basic responsibilitieas. One is to provide statistical information of a
technical and opsrational naturs on spectrum occupancy. The sscond is to obtaln
informstion for regulatory and enforcement purposes on the opsration of
individual radio stations.

The wmonitoring section also perforss an 1important function In
establishing the locations and identities of stations causing interferancs.
Honitoring station capabilities may bs employsd in certain circumstancas for
basic research of a 1limited naturs. If fixed, mobile or_ portable monitoring
stations are advantsgeously located, propagation echaracteristics over specific
paths can be measured and corvelated te known influsncing factors to snable
synthesis of propagation prediccion tables. Nonltoring centves way also
contribute to the developmsnt of new measursmsnt tachniques.

According to {its resources a country say wish to participats 1in the
international wonitoring system which exists to asalst, to the extent
practicable, in the implementation of the Radio Regulations, in particular te
ensure sfficient and economical use of the spectrua, and to help in the proap:
elimination of harmful interference (sea Articls 20 of the Radio Regulations,
and the CCIR Handbook for Monitoring Stationa).

4.2.7  Computer Support

The extent to which computer support facilitles ars availsbls to and
used by the frequency management authority depends on tha resources, priorities,
and particular requirements of ths country concerned, In the early stages of Lts
introduction, computsr support may be limited to, say, licensing records or the
more complex enginesring calculations; ultimately the Computer Support sub-unit
may assume responaibility for the developmsent, provision and maintenance of
support facilities for nearly all spsctrus management activities, including
record keeping, forecasting, and ffnanclal mansgement ralated to licensing.

The CCIR Handbook on Spectrum Management and Computer-Aided Techniques
addresses the use of computers in this context in considetabls depth.
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4.3 TRAINING OF PERSONNEL

In considering the nesds and the possibilities for providing training
of personnel for frsquency munagsment, the conditions of training have to be
seen in rstation to the structure of the fraquancy management unit in the
country.

Whatever the size of the frequency managesent unit, it 1is considered
necessary to have at least one person with suitable technical professional
qualifications who, in addition, has knowledges of the relevant national
legislacion and of the Radic Regulaticna.

In the case of small units junior staff will mainly be trained on the
Job, and such training may be supplamented by various other wmethods, for
sxample:

- {nternational and regional seaimars organized by cthe IFRB or by
adainistrations;

- sxchangs of staff with othar countriss;

- bilateral contacts with other countries in which probleas are
analysed and mutually scceptable solutions are sought;

- *hands-on® opesrational experisnce in user dspartaments withim the
adainistration;

- handbooks, manuals or sisilar texts providad by the adainiscration
or by another adainiscrstion or by internstional organizations or
cthair organs (s.g. IFRB, CCIR);

. individual training in snother country;
- individual trsianing in the IFRB,

Several —years of experisnce may bs necessary bafore a national
fraquancy manager can deal with all aspects of national and internationsl
regulactions, It is thersfore vitsl that such expsrience should not be losc
through frequant changes of staff: to the asxtent possibls, adalnistrations
should cake the necessary steps to recruit and retsin persennsl having the
required qualifications and sxperience.

Although conaldersble efforts are necessary for initial trailning of
persormel for frequency sansgesment, it must bs borns in =mind that the
development of both radiec techniques and administrative procedures necessitates
constant updating of knowledge, and training will thezefors bs an ongolng
PIOoCass.

The CCIR, through the work of IWP 1/5, 1s developing the uss of audio-
visual caszettes ss s companion training tool Co che Handbook for Monitoring
Statlons. Thess cassetfes will bs obtainable ssparstsly from the ITU to provide
detailed tralning in such specialized subjects as visual tdencification of
situations (esissions) and how to use & spectrum anslyser for complex
neasursmants.

"o

44

-key subjects
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Inforastion on further tralning possibilities in intarnational and
national training centres may be obtained from the Technical Cooperation
Department of cthe ITU.

4.4 SPECTRUM MANACEMENT INPLEMENTATION STRATECY

During the davelopmsnt of & spectTum management capabilicy a nusber of
need to bs addressed. By addressing these subjects, an
adainistration can follow & step-by-step process thar will help it in its
planning activities. The set of steps described balov is fairly comprehensive
but not neceasarily sxhaustives.

- Take action to get spsctrum management recognized as sn essantial
element in the devslopmsnt of an adminiscration’s
telacomsunication policy. This will help to ensura cthat requasts
for resources ars givenm sppropriste prioricy and that the spsctrum
managesent unit ia represented in Che policy desvelopment
activicies of an administracion.

- Ident{fy and prioritize tha functions that the spectrua managsment
unit will carry out. Considerstion should be given to both
naticnal and internationsl nesds resulting from national
legislations or obligations under the Radic Regulations.

- Size the process, taking into sccount the spacified functions and
the time phasing of this introduccion. This will ald in
identifying the resources nacesssry for implemesntation.

- Devalop a tims-phesed functional iwplementacion plan that
recognizes both national and internacional obligstions. The plen
would identify short-term as well as long-term goals towards which
the spectrum management unit is direcced.

- Upon completion of sizing of tha planning process, consideration
should ba given to the subject of automation support and & Cime
frame for its introduction. This should encompass both dacta base
and records, kesping technical end enginssring support of
appropriate monitoring capabilities,

. Establish datailad plens lesding to ghe spscification of softvare
needa and support hardvare. It is faportant that data bass
management softwars nesds and specific design capabilicies be
established prior to the spacificacion end purchase of hardvare.

- Docusent & comprshensive tims-phassd {mplementation process that
will involve both functional and automacion aspects of the
spectrum mansgement planning sctivitiss. This can be used as &
master plan, as a seans o secule NCESEATY [esourcss, and as a
weans to pericdically update and rtevise sn sdainistration’s
plans.
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By following thase basic steps, an sdministracion can proceed towards

the devalopment of a spsctrum management unic

be compatible with {ts availabla resources,
future growth towards mors comprehensive and sophisticated capabilities.

needs,




CHAPTER 5

POTENTIAL SOURCES OF ASSISTANCE IN
FREQUENCY MANAGEMENT MATTERS

As wmentioned in section 4.3, persommel in a national frequency
management unit need special training and experisnce sulted to the prevailing
conditions in the country. Since such training can only be provided in an active
frequency managessnt unit, sdainistrations should encourage the staff concerned
to approach thelir work with an innovative spirit, and seek external ussistance
only in cases vhich need an urgent solution.

The sources of assistance which an sdministration may find useful when
such & need arises are described in the present Chaptsr.

The Chaptar is divided into five ssctiona, as followa:
5.1 - Assistance available from other adainistrations;
5.2 - Assistance availabls from the IFRB;
5.3 -~ Assistance available from the CCIR;

S.4 - Assistance available from the Technical Cooperation Department
of the Gansral Secratariat of the ITU;

5.5 - Assistance avallable from sourcss other than the ITU.
5.1 ASSISTANCE AVAILABLE FROM OTIER ADMINISTRATIONS

Discussions batween adsiniatrations are helpful elther ln connectlon
with the establishment and development of a8 frequency management unit, or in
resolving parciculsr problems aof a technical or procedural nature in the
opsration of such » unig. Such discussions with nelghbouring adalnistrations
might lsad to bilateral or multilaceral agresmants which could simplify the
treatmant of any similar difficultles arising in the future (ses also Arcicle 7
of the Radic Regulations snd RR1233). A shorc-ters exchange of parsonnel between
aduinistrations can reguit in a sutual broadening of expsrience beneficial to
both parcies,

Several administrstions have recently aestablished formal tralning
programnss in tha flelds of telecomsunications and spectrum management. Othars
ars undsr consideration in view of the demonstrated need for improved spectrum
managenent on s global basis, and may ba obtained directly from those
sdainistrations or via the Technicsl Cooperacion Department of the ITU.

5.2 ASSISTANCE AVAILABLE FROM THE 1FRB

5.2.1  gGeneral
RR99Y specifies that che functions of the IFRB shall include

*the provision of assistance to adsinistrations in the field of radio
spectrum utflizacion, in particulsr to thoss administrations in need of special
assistance, and the recomsendation to administrations, whers appropriate, of
adjustsents in their frequancy assignments in order to obtain a better use of
the radio spsctrums.”
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5.2.2 m;mﬂﬂmﬂuu&mmm

In response to Resolution No. & of WARC-79 the IFRB has prapared the
IFRB Handbook on Radio Regulatory FProcedures. It is aimed at assisting
adminiscrations in the application of the procedures of rhe Radloe Regulations.
It contains many flowcharts which are to ba inserced in the Radioc Regulations as
an aild to the understanding of the procedurss.

5.2.3  application of procedures of cthe Radlp Regulacions

The IFEB's Tachnical Stsndards and the Rules of Procedurs are developed
in accordancs with RR1001 and distributed to edministrations in sccordance with
RR1001.1.

Many provisions of the Radio Regulations specify that (f difficulcies
srise in connection with a particular procedurs the Board may be requested to
provide assistance in applying the procsdure concerned or assistance of &
technical nature,

In particular RR1218 provides for the Bosrd to assist in the sselsccion
of a frequancy assignment to & station in the {ixed service betwaen 3 and
27.5 MHz.

5.2.4 Applicacion of regional agCecmsntd

Certain reglional agrssments, such as the Reglonsl LF/MF Broadcascing
Agresment {Reglons 1 and 3), Ceneva, 1975, indicacs assistance which may ba
provided by the IFRS in specifisd clrcumstances.

5.2.5 Ere- and post-gonferepge activicies

RR1003 prescribea that the IFRB shall provide technical assistance In
the prepsration for and orgsnization of radio conferences in consultation, as
appropriace, with the other permanent organs of the Unfon.

To fulfil this obligation the Board prepares appropriate documentaticn.
In order to sssist adainistrations in implemsnting conference decisions, or 1in
order to provids clarification and advice on ths interpretation snd application
of the Radio Regulatiocns, the Board issuss IFRD Circular-letters when
appropriate: thess are distributed to sll adainistracions.

5.2.6 International monitering

In sccordance with RR1000 and RR1885 the IFRP Tecords the results
supplied by the monitoring stations particlpating in che incsrnational
monitoring syates, and periodically prepares sumssriea of Che data it Teceives:
the summaries are published by the Secretary-General and may be useful to a
national frequency sanagement unit in identifying less congested portions of the
spsctrum and/or sources of haraful interference. Spacial monitoring campaigns
are iniclated from time to time.

-4

o
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$.2.7 Cazes of harmful intarfsrence

RR998 prescribas that at the requast of one or more of the interestsd
sdministrations the Board shall invastigate cases of harmful interference and
formulate recommendations with respact thareto: see Article 22 of the Radio
Regulations, in particular RR1962-1966. The cases referred to the IFRB
frequently include thoss in which communication between the administracions
concernad {s difficult: the 1FRB acts as an intersediary in such cases, and
tries to reach a satisfactory solutien,

5.2.8 Icaining of psrsonnal

RR1005 prescribes that at the request of an administratfon the Board
shall provide assistance in the trsining of senior staff in the flelds of
spectrus management sand utilization, particularly for those countries in special
nesd: ses section 4.3 in Chaptar & of this bookler.

5.2.9 hublication of informstion of gensral intereat

In compliance with the wishes of the first mssting on the development
of nationsl radio frequency sanagsment, from time to time the IFRB will arrange
for publication in the ITU Ielscommunication Journsl of a short newsletter
dealing with matters of intarest tc national fraquency mansagement suthorities or
units.

5.3 ASSISTANCE AVAILABLE FROM THR CCIR
5.3.1 Iechnical informstion

The main functions of the CCIR are 1listed in asection 2.6,
Administrations interested may find the information they need in axisting CCIR
taxts (Recommendations, Reports, Handbocks and Documents).

The CCIR texts ara published in che working languages of the ITU
(English, French and Spanish), Relevant rexts are contained in Volume I covering
the activity of Study Croup I, the CCIR Handbook on Spectrus Management and
Computer-Aided Techniques and the CCIR Handbook for Honitoring Stacions. Texts
concerning specific services are contained in other Volumas (ses Bibliography).

Ths Handbook on Spectrum Msnagsmant and Computer-Alded Techniques
describes enginearing snalysis techniques required for spectrum management,
including frequency files, computer spplicationa, and examples of automated aids
for spectrum managament. Examples are given of apectrum optimization techniques
as well as indications vhers the data slements described in the Handbook are
applied in the Radio Regulations,

The annexss contain a listing of frequancy data files, computer models
snd data base managesent systens. There is a catslogue of dara files and
computer progranss in use by variocus administrations sand the ITU, with short
deacriptions,
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The CCIR Handbook for Monitoring Stations describes, jinter alis.
varicus procedures and techniques usad {n monitoring astations. New subjects
cover wmonitoring of the emlasions from space stations and the use of computer
techniques,

The publications entitled "CCIR Antenna Disgrams* (1978 and 1984) offer
comprehensive information about wvarious high frequency directional sntennas,
including technical and economic aspects.

5.3.2 Computer programs

There are computer programs available for carrying out technical
ealculations. One of them (NOISEY) predicts nolse pover and fisld atrength at
any frequency above 10 kHz for any geographic location and time, based on CCIR
Reporcs 322 and 258. Programs WOMAP and MUFFY perform computations connscted
with {ionospheric propagation. A package of antenna programa i{s dedicated to the
calculation of the radiation pattsrn of a asries of antennas of different types,
from & single dipole to complex curtain antennas over imperfect ground.

The computar programs offsred by various adsinistrations snd lisced in
the CCIR Handbook on Spectrua Management and Computer-Aided Techniquss are besing
examined for their correctness, adequacy of documentation and program
portabilicy. It {s expected that thase programs will be made available through
the CCIR when this examinstion has been completed.

The Jelecommunication Journal publishes ths information about computer
software available through the CCIR. It 1is uneconomic to develop coamputer
prograns for radio-frequency managsmant if they have been devslopad elssvhers.
CCIR Resolution HNo. 88 invites adminiatrations and other participants to
exchange thelr own programs through the CCIR sscretariat.

By submitting software for distribution undar Resolution No. 88, the
subaitter grants permission to use the softwars fres of chargs. The submitted
software and all asubsequent copies (but not ths physical media on which it is
recorded) remain tha proparty of tha original submitter. The software ({and
documentation) is provided "as i»", and some modifications mey be required
before the software can be utilized with specific computar hardwars. Neither the
submicter nor the CCIR makes any warranty or aspurance as to its performance,
and no liablility 1a sccepted for the contant or applicabllity of the softvare
and documentation, the results of using them, or their support and malntenance.
The entire risk must be assumed by the usar. The dissenmination of the software
by the CCIR secretariat does pnot {imply any form of endorsement or
recommendation, The CCIR gsecretarist copies the sofcvare (together with the
accompanying documentation) at the request of intarested parties and distributes
it free of charge (except for tha cost of material, processing, handling and
postage}, without necessarily reviewing it. In accordance with Resolution
No. 88, CCIR Study Group 1, IWP 1/2 examines its portability, adequacy of
documentation and correctness, and the results are published ssparately.
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5.3.3  Studies of technical problems

1f s specific problem of an administratlon £s not covered by the
existing CCIR texts, the adeinistration may proposs & special questlion,
sccording to the provisions of Ko. 327 of the Convention. If the propesal 1is
supported by at least twency administracions ths necessary studies are carried
out by one of the CCIR Study Groups and the resulcs ate published as & CCIR
text. The wost detailed source of information on current studies carried out
flows at the level of CCIR Vorking Parciss and CCIR Study Groups, and thus
active participation in their work is most benaficisl for all thoss interested.

5.4 ASSISTANCE AVAILABLE FROM THE TECHNICAL COOPERATION DEPARTMENT OF THE
CENERAL SECRETARIAT OF THE ITU

Within the frassvork of the United Natlons Development Programme
(UNDP), assistance can be provided to devaloping countries.

Genarally, chis type of assistance conaists of the provision of a
frequancy management axperc, who can take up an assignment for an appropriate
pariod in the requesting country in ordar to assist the administration in any
mecters relatsd to frequency managsment and monitoring. Alternactively, or in
addition, fellowships can be granted to staff wembers of the requesting
administrstion. These are usually srranged in the frequency management and
wonitoring services of octhar mamber administracions.

As a ragular activity of the ITU end ln accordance with Resolucion
No. 22 of the Convention (Nairobi, 1982), the ITU can also provide speclalist
advice and short mizsions of up to four wesks by speclaliscs to assist the
requesting administrstion on specific problans in the field of frequency
management and monitoring.

5.5 ASSISTANCE AVAILABLE FROM SOURCES OTHMER THAN THE ITU

An adminisctration may be able to obtain assistance in the context of
frequency managemant from several sources outside the ITU. A fev of these
sources are mentioned in this section,

Asslatance from handbooka or works of reference

Handbooks, confersncs procesdings, manusls, or other works of reference
ara helpful sources of information which can range from the very genetal ta the
antremsly dstailed in both subject matter and treatment.

5.5.1

Ths bibliography presented at the end of this pooklet may serve as &
starcing point for study, which sight be augmsnted by texc books appropriate to
the subject concerned, be it technical (in the context of radioc engineering) orv
sdalnistrative (in the context of business management). It may be noted that
sevaral of the sources listed in the biblicgraphy contain further references to
allied subject matter. ‘

Handbooks or manuals produced by certain countries for their own use
may bs mads available to othsr countries,

AV
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5.5.2  Asslsrtence in radig matters from other apeclalized organlzaCions
Although not directly concermed with frequency managemsnt activities as
discusssd in this booklet, assistance in the field of radiocommunication may be
derivad from discussions with, or cthe docusents of, such organizations as the
CISPR, ICAD, 1EC, INO and IS0, as well as from radic squipaent manufacturers
supplisrs, or R & D organizations, '

Regional and multinational organizations such as ATU, EBU, ITEE, IEEE
and URSI offer seminars and technical foruss from time to time for sxamination
of new techniques and on nev strategles applicable to £fraquency management on
all levels, from the most simple to the most complex.




BIBLIOGRAPHY

ITU REFFRENCE DOCUMENTS FOR NATIONAL
FREQUENCY MANACEMENT

The bibliography contains a list of texts which administrations may

find useful vhen establishing or developing a national frequency msnagement

unit.

Itams carrying the comment "Basic reference” are considered to be

sssential documents which should be

Documenta

International Telscommunication
Convention, Nairobi, 1982

Radio Regulations, Geneva, 1979,
sdition of 1982, revised 1988
{togeather with Appendices 26
and 27 Aer2 which are published
separataly)

Regional Agreements applicable

to specific services, frequency
bands and countries concerned

(e.g. Reglonal MF Broadcasting
Agresments, Censve, 1973 (for
Reglons 1 and 3), and

Rio de Janeiro, 1981 (for Region 2))

Texts of the CCIR as adoptad by its
most recent Plenary Aasembly
VOLIME 1

VOLUME 1T

VOLUME Il

VOLUME IV-1

available within the unit fer consultation.

Conments

Basic refaranca

Basic refersnce

Basic references

Basic referencas

Spectrun utilization and monicoring
(Study Group 1)

Space rasearch and radioastronomy
{Study Group 2)

Fixed servics at frequencies balow
about 30 MHz (Study Group 1)

Fixed-satsllite service
{Study Group &)

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

Documernits
IV/IX-2

Vi

VII

VIIT-1

VII1-2

VI1I-3

IX-1

X-1

X/X1-2

X/X1-3

X1-1

X11

XITI
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Comments

Frequency sharing and coordination
batween systems in the fixed-satellite
sarvice and radic-relay systems

(Study Groups 4 and 9)

Propagstion in non-ionized media
{Study Group 3)

Propagation {n fonized wedia
(Study Group 6)

Standard frequencies and time signal
sarvices (Study Croup 7)

land mohils service (terrestrial)
(Study Group 8)

Maricime mobile sarvice (terreatrial),
apateur and amateur satellite sarvice
(Study Croup 8)

All mobile satellite sarvices and
asronautical mob{le mervice
(terrestrial) (Study Group 8)

Fixed sagrvice using radlo-relay
aystens

. (Study Group 9)

Broadcascing service (sound)
(Study Ggroup 10)

Broadcasting-satelifte service (sound
and talavisioen) (Study Croups 10
and 11}

Recording (sound and television)
(Study Groups 10 and 11)

Broadcascing servica (televiszion)
(5tudy Group 11)

Transaission of sound broadcasting and
telavision signals over long distances
{CHMTT)

Vocabulary (CMV)
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Deoguments

Supplemenc to
CCIR Repoxt 252-2

CCIR Report 322-3

The International Frequency
List (IFL)

The wsekly Circular (eof the IFRB)
Service Documents other than List I

IFRB Handbook on rscommended
techniques for better utilization
and reduction of congestion of the
high frequency radic spactrum (1973}

IFR3 Handbook on Redio Regulatory
Procadures

CCIR Handbook on Spectrum Hanagement
and Computer-Alded Techniquss

CCIR Handbook for Monitoring Stations

CCIR Antenna Diagrams (1978 and 1984)

CCIR Handbook on
Broadcasting-Satellits Systems,
Genava, 1983

CCIR Handbook on Satellite Communi-
cations (fixed-satellits service},
Ganeva, 1983

IFRS Ciycular-letters

Comments

Second CCIR ccaputer-based interim
method for estimating sky-wave fleld
strangth and transaission loss st
frequencies between 2 and 30 HHz

Characteristics and application of
atmosphere radlo nolse data

Basic reference: the IFL is List I
of the Service Documents - ses
Appsndix 9 to the Radio Regulations

Basic refersnce: ses RR1455, RR1456 and
RR1583

Selected according to rsquirements: see
Appendix 9 to the Radio Regulacions

Handbook (2 volumes) published in
1984 with subsequent revisions

Latest version published in 1987:
includes meny references to CCIR and
other published texts

Handbook published in 1968 and at
present under rsvision

Basic references, issued when
appropriate: contain information on
particular matters relating to
fraquency management.
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Rocuments

Economic and Technical Impact of
Inplementing & Regional Satellite
Network, GAS 8§, CCITT, Ganeva, 1983

Documents of the first and second
meetings on the development of
national radic frequency managesent,
Geneva (24 to 28 October 1963/8 to
11 September 1987) {(Nots 1)

Documents of the regular 1FRB

Seminar on fresquancy managesent

and the use of cthe radio frequency
spactrum and the geostationary-sacsllits
orbic - Geneva, & to 11 March 1988

{or later versiocns thersof) (Note 1)

Documents on frequency managesent
matters of ICAQ, IMO, INTELSAT,
INTERSPUTNIK and similar inter-
national organizations

Nete 1 -

matsrisl.

Several of the docusents reaferrad to msntion further reference



CLOSSARY OF TERMS

This glossary explains terms which are used in this booklet and often
sncounterad in the field of fraquency managesant. Terms defined in Articls 1 of
the Radioc Regulaticns have been so ldentified.

Administration

Allocation
{of a frequency band)

Allotment (of a radioc frsquancy
or radio-fraquancy channal)

Assigned fraguency

Assignad frequency band

Assigrment (of & radio frequency
or radio-frequency channel)

ATU

Any govarnmental department or service
responsible for discharging the
obligations undertaken in the Convention
of the International Telecommunication
Union and the Regulationa (RR}).

Entry in the Table of Frequency
Allocacions of a given fraquency band for
the purpose of its use by one or more
terrestrial or spacs radiocommunication
services or ths radis astronomy service
under specified conditions. This tera
shall also be applied to the frequency
band concernsed (RR17}.

Entry of a designated frequency channel
in an sgreed plan, adopted by a compatant
conference, for use by one or mora
administrations for a terrestrrial or
spacea radiocommunication service in ona
or more identified countries or
geographical areas and under specified
condicions (RR18).

The centre of the frequency band assigned
to a atation (RR142).

The frequency band within which the
smission of a statifon is authorized; the
width of tha band aquals the necessary
bandwidth plus twice the absoluts value
of tha frequency tolarance. Where space
stations ars concerned, the assignad
frequency band includes twice the maximum
Doppler shift that may occur in relation
to any point of the Earth's surface
(RR141).

Authorization given by an administration
for a radic station to use a radio
fraquency or radio-frequency channel
under specified conditions (RR1%).

Arab Talacommunications Union

CCIR

CCITT

CISPR

eo.l.r.p.

Elsctromagnstic compatibility (EMC)

EBU

Frequency tolerance

Hardware

Harnful interference

HF

1ca0
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International Radlo
Committes

Consultative

Internstional Telegraph and Telephone
Consultative Coomittes

International Special Comnittes on Radio
Interferencs (thle Committes works under
the IEC).

Equivalent 1isotropically radiated power;
tha product of the power suppliad to the
antenna and tha antenna gain 1in a given
direction relative to an izotroplc
antenna  (absoluts or 1sotropic gain)
{RR153).

ENC is the condition wvhich prevails vhen
telecommunications aquipmant is
performing {ics  individually designed
function {in & common slectromsgnstic
snvironment without causing or
suffering unscceptable degradation
dus to unintentional electromagnetic
interfarence to or from othsr aquipment
in the same enviromment.

Eurcpsan Broadcasting Union

The maximum permissible departure by the
centrs frequency of the frequancy band
occupied by an saission from the assignad
frequency, or by the charscteriscic
frequency of an emisaion from the
rafarance frequancy. Tha frequency
tolerance is expresssd In parts per
million or in hertz {(RR145).

Physical squipment wused in data
processing as oppossd to computer
programs, procaduras, rulas and
assoclated documentation.

Intsrfarancs which endangers the
functioning of a radionavigation service
or of other safaty sarvices or seriously
degrades, obatructs, or raspeatedly
interrupcs a radiocomsunication service
operating in accordance with the Radio
Regulationa (RR163).

High-frequency ({(dacametric waves) (ses
RR208) .

International Civil Aviation
Organization



1EC
1EE

1EEE

1FL
IFRB
o

150

Industrisl, Sclentific and Medicsl
(1SM) Applicstions (of radlo
fraquancy snergy)

Interfersnce

HF

MIFR

Hacessary bandwidth

pfd

Protection ratio
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International Electro-technical Commlsslon
Instituction of Electiical Englneers

Instituts of Electrical and Electronics
Englnesrs

International Frequency List
Internationsl Frequency Registration Board

Intarnacional Haritime Organization

Internacional QOrganization for
Standardization
Oparation of equipwanc or appliances

designed ro gsnerate and use locally
radio frequency energy for industrial,
scientific, wedical, domestic or similar
purposes, excluding applications in the
f1eld of telecommunications (RR16).

The effsct of unuanted energy due Co one
or & combination of emlssions, radiations,
or inductions upon Treception in &
radiocommunication system, manifested by
any performance degradation,
atsinterprecation, or loss of information
which could be sxtracted in the absence of
such uwanted enargy (RR160 - ses *Harmful
interferance®, abova).

Medium £rsquancy (heccometrlc waves) (see
RR208).

Mastet International Frequency Register.

For a glven class of emission, the widch
of the frequency band which 1s Jjust
sufficient to ensure the transmission of
information ar the vate and with the
quality required under specified
conditions (RR146).

Powsr flux-densicy.

The wminimus valus of the wanted-to-
urwanted signal raclo, usually sxpressed
in decibels, et the receiver (input
determined under specified conditions such
that & specified reception quality of the
wanted signal {s achieved at the vsceiver
output (RR164).

R&D

Radio astronomy

Radiocompunication

Radiocomaunication service

Radioc waves or Hertrisn waves

RR...

SHF

s/1
s/

Software

Space radiocomsunication

Spuricus saission

ol
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Ressarch and devalopasnt.

Astronomy based on ths reception of tadio
vaves of cosaic origin (RR14).

Tslecommunication by mseans of radlo waves
(RR7).

A service as dafinad in Section 111 of

Article 1} of the Radio Regulations
involving the transmission, emission
and/or reception of radio waves for
apecific telacompunication purposas
(RR20).

In the Radic Regulations, unless otharvise
stated, any radiocommunication servics
relates to terrestrial radlocommunication.

Electromagnetic waves of frequencles
arbicrerily lower than 3 000 cHz,
propagated in space without artificial
guide (RRE),

Reference to & provision of cthe Radio
Regulations.

Super high frequency (centimetric wavas)
(sea RR20M).

Signal-to-interference ratio,
Signal-to-nolse ratio,

Computer programs, procedurss, rules and
any assoclated documentation concerned
with the operation of & data procassing
system.

Any radiocomsunication invelving the use
of one or mors space ststions or the wuse
of one or more reflecting satellites or
other objscts in space (RRS),

Esfssion on a frequancy or frequencies
which are outside ths necessary bandwidch
and the level of wvhich may be reduced

withouc affeceing the corresponding
tranamission of information. Spurious
snissions include harmonic emissions,
parasitic enissiona, incermodulacion
products and fraquency conversion
products, buc sxclude out-of-band

eaisaions (RR139).

Lo
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ANNEX 1V

SPECTRUM MANAGEMENT DATA TABLES

1. Tables A IV-I to AIV-V were prepared as inventories of data elements which should be used during a
data-analysis phase to design and implement an automated inter- and intra-administration spectrum management
system. These inventories were compiled during studies carried out by CCIR Interim Working Party (IWP} 1/2 in
conjunction with the IFRB.

2. It is essential that spectrum management data for intra-administrations use comply with the following
requirements:

2.1 the data should contain, as a minimum, the “Basic™ data required for National Spectrum Management and
notification to the I[FRB;

22 the sub-set of data used for IFRB notification purposes should be compatible with IFRB data record and
data element specifications.

i Tables A IV-I, A IV-II and A IV-1V describe data element characteristics and specify whether the data is
Basic or Optional. Basic data is required for National Spectrum Management. The frequency assignment and
notification data in Table A IV-II is the primary data that should be stored by all administrations and represents
about 80% of the data required for a typical administration. In the st Edition of this Handbook, Table A FV-11
listed 31 fields of Basic data. The data in Table A IV-II of this Annex has been reviewed by the IFRB and aligned
with their latest data specification. This alignment has increased the number of Basic data elements to 63.

Some administrations have indicated that this increase results in a large requirement for storage of
frequency assignment data. A number of administrations only maintain approximately ten data elements with their
present manual system. A change from a ten-element system to a system that requires 63 elements is difficult to
practically implement. Most of the 63 elements of data are, however, required for international coordination and
most are also required in a national data file. It is, therefore, recommended that every attempt be made to create a
data base with as many of the 63 Basic data elements as possible that is consistent with the past history and policy
of the administration and proposed administration plans. The Basic data elements in Table A IV-II will be further
examined in the future by the CCIR to determine if a particular subset of the 63 elements can be recommended
for a particular spectrum management application.

4. The International Frequency Register (IFR) “stored format™ column of Table AIV-II uses a COBOL
picture format to describe its structure. This column represents the format of the particular element as distributed
by the IFRB on the magnetic tape version of the International Frequency List {§FL). It should be noted that some
numeric fields are actually stored on the tape in COMP-3 format. For those administrations wishing to read the
IFL tape it is recommended that the latest copy of “Structure and content of the MRF on tape”, Reference
PM-60-20, Serial No. 01232, be obtained from the ITU in Geneva.

u. .:.o_nﬁm:.namono:_._aTnn»nn.oz._n_m_..noom:o,no:u&:._.wc_amnm—uana_.gnuuanno:mancnszw
included as Table A 1V-VI and Table A IV-VIL _
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TABLE A IV-11 ~ Frequency assignment and notification data

’:::‘::ﬂ‘:‘ Basicdala | Optional data IFR
No. Data element (A +BC)(") Definitions m:ﬁ for req':::z:“ stored ,
2 | 8o applications ) | apphications format ()
L Characteristics concerning the
Jrequency and its use
11 Frequency: 1 10.5 | The first character indicates the unit: 1A
Assigned frequency or lower as- K:kHz 9 kHz < f<28000kHz inkH2z
signed frequency of a frequency M:MHz 28 MHz < f < 10500 MHz in MHz XH5)VH(3)
pair or lower limit of an assigned G: GHz 10.5GHz < fupwards in GHz
frequency band (see Radio Regulations, Appendix 1, Column 1).
Ifin data element 1.2, **Natre of frequency usage’” 8, O, D or U is given, the assigned frequency
(RR 142) is to be indicated; if P is given, the lower assigned frequency is 10 be indicated; and if R
Is given the lower timit of the assigned frequency band (RR 141) is to be indicated
Note. — In computer files fetter G (Giga) is stored as U for sorting purposes
12 | Nature of frequency usage 1 Code, c.g.: x
S: single frequency
P: frequency pair
G: group of synchronized frequencies
R: frequency band
U; frequency without offset carrier
O: frequency with offset carrier
D: frequency with precision offset carrier
L3 | Mode of operation |} Code, ¢.g. X
§: simplex operation
D: duplex operation
— H: semi-duplex operation
B: broadcast transmission
M: broadcast transmission with synchronized transmitlers (additional information on the
network required)
() A+BC () The “IFR stored format’ contains the COBOL picture () Column Format Column Format
A: number of alphanumeric characters describing IFL clement whers: 13A1 XX 1381 X(4)
B: total number of numeric characters (excluding decimal X : alphanumeric 13A2 XX 1382 X(4)
paint) 9 : aumeric 13A2 XX 1383 X
C: number of decimal characters V : implied decimal point 13A4 XX 1384 YYYY MM DD
S : indicates a signed numeric value YYYY MM DD
") This column will contain the column No. from IFL. where Values in parentheses indicate the number of characters of the YYYYMMDD

appropriate,

preceding character type.

fodV, |

Al X3ANNY
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TABLE A 1V-It — {continued)

14

141

14.2

1.5

1.6

1.7

Additiona) frequency information
Reference frequency ©F upper
assigned frequency of a frequency
pair or upper limit of an assigned
frequency band

Prefetred band

Assigned frequency band

Frequency channe! number

Frequency offset:
vision carrier offset
sound carrier offset

Frequency stability

Schedule of operation
- Dutycycle

— Hours of operation either

— Percentage of use

10.5

20

6.0

8.0

10

The first character indicates the unit:

K: kHz 9 kHz <[ 28000kHz inkHz

M: MHz 28 MHz < f € 10500 MHz in MHz

G: GHz 10.5 GHz < fupwards in GHz

(see Radio Regulations, Appendix 1, Column 1).

1f in data clement 1.2, ““Nature of frequency usage™ S, 0, D or Uisgiven, the assigned frequency
(RR 142} is 10 be indicsted; if P is given, the upper assigned frequency is 10 be indicated; and if R
is given the upper timit of the assigned frequency band (RR 141} is to be indicated

Note. — In computer files letter G (Giga) is stored as U for sorting purposes

Frequency band in MHz, for notification under RR 1218 only

Tn kHz, needed for TV and space services only

Channel number as listed in an agrecment betweoen administrations (see also data element 8.18)

This is & basic element for TV broadcasting.

The first character defines the units used:

T one-twelfth line

Z: one-tenth Hz

H: Hz

K: kHz

The remaining characters contain the offsct value asan integer, with sign

The first character defines the unit or the denominator of a fraction

M: one-millionth

H: Hz

K: kHz

The remaining characters contain the value or numerator of the fraction

C: continuous operation during the hours of operation specified below

I: no continuous operation during the hours of operation without fixed programme times

S: no continuous operation during the hours of operation with fixed programme times

N: non-geostationary satellite system

First four digits indicate the UTC of the beginning of the usage, the next four digits indicate
the end. The beginning of usage may be preceded by the letter *1” to indicate repetition of
{ransmission

If the format x {2) is used, the symbols can be HJ, HN or HT, HY (sce Radio Regulations,
Appendix 1, Column 10}

Percentage of time of the hours of operation during which the frequency is used

Ic

1D

1:]

108

XNSVHI)

HNVY

X

9(8) or X(2)

Al X3INNY



TABLE A IV-11 - fcontinued)

No.

Data element

Number of
characters
(A +BO)(")

A | BC

Definitions

Basic data
required for
most
applications (")

Optional data
required for
specific
applications

IFR
stored
format (")

L9

Lio

L10.1

L1

{continued)

— Seasonal periods

Class of station

Nature of service

Experimental station

Function of the station

Two letters indicating month or season:
JA  January JL July

FE February AU August

MR March SE September
AR April OC October

MA May NV November
JN June DC December
immediately foliowed by a letter indicating the solar activity:
A : High

L: Low

M: Mediom

ET Summer
HYV Winter

EQ Equinox

Indicate the symbols for the class of station according 10 Appendix 10 of the Radio
Regulations (see Radio Regulations, Appendix |, Column 6 and Table 6A1 of the Preface 1o the
IFL)

Indicate the symbois for the nature of service according 1o Appendix 10 of the Radio Regulations
and Table 6B1 of the Preface to the IFL

EX: experimental station, otherwise blank

First character:

C: civil

M: military

Following three characters code e.g.:
Ixx: air traffic control

100: locat taxiing (ground movement)
101: aerodrome traffic

102: approach (radar)

103: procedural approach

2xx: airborne operations

3xx: special transmissions
el

10C

68

X(3)

XX

XX

XX

Al XIANNY
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TABLE A IV-II - fcontinued)

112

1.13

1.14

1.15

21

22

13

24

User group

Equipment mobility

Equipment platform

Number of mobile stations with
which communication is to be
established

Charuacteristics concerning trans-
mitting station end transmitting
site

Identification number of trans-
mitting site

Name ol transmitting station

Type of location or area

Type of terrain

40

6.0

Code, eg.:

A: airborne navigation, airborne security
B: railways

C: corps diplomatique

@i

: military (internal usage)
ete.

fixed, permanently installed
fixed during operation, but transportable

: mabile but not portable, operation possible during movement
portable

ILAD

Code, eg.:

A: airborne

L: ground

R: on rivers, canals, lakes

Number

Number 1o be specified by the national administration

For mobile stations, indicate the service area (see Radio Regulations, Appendix I, Column 4a
and Table 4A1 of the Preface to the IFL)

T community
: airport

2 hill

port

river or canal
space station

PRIT X0

Type of vegetation and built-up area, code e.g.:
I: area with high-rise buildings or high vegetation {>>20 m) in the immediate vicinity
2: area with medium height buildings or vegetation (5 to 20 m) in the immediate vicinity

5. area without any obstacle in a distance of 1000 m in the direction of the receiving or transmit-
ting station

4A

X(20$)

Al X3ANNY
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LWV YR

TABLE A LV-11 — (continued)

'::."“’“ of Basicdata | Optional data FR

racters ired Fi ired £

No. Data element A+ BOY() Definitions m“::' ost or ret:::cmcor stored

1 ]
A BC applications () applications formar ('}

2.5 Terrain characteristics
— azimuth o X
- Ah parameter 4.0 | A parameter indicating the irregularity of the terrain in metres, as defined in CCIR Rec. 370 x
— effective  height over the 5.1 | Asdefinedin Rec. 370, in metres, for the azimuth of maximal radiation 9E SKNVIX

sverage level of the ground (This data element may be required for several azimuthal directions) —f-

2.6 Country in which the transmitting 3 According to Column 4B of the IFL (see Radio Regulations, Appendix 1, Column 4b and 4B X3
station is located Table Bl of the Preface to the IFL)

27 Longitude and latitude of trans- 15 The coordinates are to be indicated as follows: 4iC HNXHN2)
mitter site (degroes, minutes and {see Radic Regulations, Appendix 1, Column 4c) H2IXN2Y2)
seconds) 3 characters: degrees longitude

1 character: E (East) or W (West)

2 chamacters: minutes longitude

2 characters: scconds Jongitude

2 characters: degrees latitude

i character: N (North) or S (South)
2 characters: minutes latitude

2 characters: seconds latitude

2.7.1 | Nominal radius of the transmit- 5.0 { In km. This data clement is used in association with data clement 2.7 {coordinates of centre 4D 9%5)
ting area of circular area)

2.1.2| Siandard defined area of trans- 20 Standard defined areas arc given in Tables Bl and 4E} of the Preface to the IFL 4E X(20)
mission

2.2.3 | Ground conductivity code 1.0 | Codes for ground conductivity values are given in Table A IV-VII 4G 9

28 Height of the transmitter site 4.0 | Height in metres if negative, with minus sign x
above sea level

29 | Callsign or other identification 20 (see Preface to the IFL) 3A XQ20)

2.10 | Space station type or utilization 6 A group of symbols as given in Table 3B1 of the Preface to the [FL required for space stations in X(3)99X

only: first Jetter indicates the celestial body with principal gravitational influence; second letter,
type of orbit; third letter, type of transponder; two figures, number of space stations; last letser,
type-of station with which there is communication

Al XINNY



TABLE A IV-I1 - fcontinued)

2.10.1

3!

32

121

13

14

Information on the orbit and the
space station

— Nominal longitude of station
— Longitude tolerance (West)

— Longitude tolerance (Bast)

-~ Inclination  excursion  of
geostationary-satellite orbit

— Visibility are (West)

= Visibility arc (East)

~ Service arc (West)

— Service arc (East)

— Inclination angle of non-
geostationary orbit

— Period of satellita

— Altitude of the spogee
— Altitude of the perigee

Characteristics concerning trans-
mitting equipment

Code number of transmitting
equipment

Designation of emission

Class of operation

Designation of TV system

Maximum suthorized madisted
power in the direction of maxi-
mum radiation

10

5.2
3.2
32
3.2

10
3.0
1.0
10
4.2

50

7.0
7.0

4.1

E - Bast; W — West (in degrees)
in degrées W — West

indegrees E — East

in degrees

E — Bast; W — West (in degrees)
This visibility arc should always be given “from West to East"”.
E — Bast; W — West (in degrees)

in degrees

Enter Dif period is in days and hours
Enter H if period is in hours and minutes

inkm
in km

Number to be specified by the national administration

The first 4 characters indicate the necessary bandwidth as defined in RR 271-273.
The following 5 chamcters indicate the class of emission as a set of characteristics conforming
to RR 269

Indicates the relative importance of the assignment.
Used only for HF fixed service, MF broadcasting and astronomy services. Sce Table 7Bl of
the Preface to the IFL

Code as given in Tables 7C1 and 7C2 of the Preface to the IFL

First chancter: type of power:

C: carrier power

D: effective radiated carrier power

M: average power

N: effective radiated average power

P: peak envelope power

Q: effective radiated peak envelope power

R: equivalent isotropically radiated power

S: maximum power averaged over any 4 kHz delivered to the antenna
T: maximum power averaged over any | MHz delivered to the antenna

5a
SH

51
51
5K
51

3Q

SR
58

TA

)

7C

SVeIX
IVIIXIVIIX

v

ANNNNX

9(IXANX

9V99

XS

an
a7

XM

xx

Al XANNY



(9861 *s2¥)

TABLE A IV-1I — fcontinued)

No.

Data element

Number of
chamacters
(A + BC)(Y)

A BC

Definitions

Basic data
required for
most
applications (')

Optional data
required for
specific
applications

IFR

format (*)

34

35

52

3153

16

17

(Cont.)

Power designation

Power delivered 1o the antenna

Radiated power

Maximum power speciral density

Pulse width

Pulse repetition frequency

il

10

Second character: unit

U: microwatl

L: milliwatt

W watt

K: kilowatt

M: megawall

G: gigawatt

Remaining chanacters: value of authorized radiated power
For TV give vision e.r.p. Sound c.r.p.: in % of vision e.r.p.

X, Y or Z. This column does not appear in the weekly circular or in the IFL: however a symbol
indicating the type of power recorded as peak envelope power (RR 151 — symbol X), mean power
(RR 152 ~ symbol Y), or carricr power (RR 153 — symbot Z) is printed to the left of the value
appearing in Columns BA and/or 8B, as appropriate

dBw

Radiated power, in direction of maximum radiation, in dBW, followed by symbol X where:
X = E: effective radiated power (e.rp.}

X = I: equivalent isotropically radiated power (e.i.r.p.)

X = V: effective monopole-radiated power (e.m.r.p.}

in dB (W/Hz)

First character: unit

N: nanoseconds

U: microseconds

L: milliscconds

Following characters: value

First character: unit
H: Hz
K: kHz

Following characters: value

8A

599v9

5999VeX

599V9

2z &

o

Al XIANNY
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TABLE A 1Vl — fcontinued)

41

42

421

41

44

45

4.6

Characteristics concerning trans-
mitting antennas

Code number of transmitting
antenna

Height of transmitting antenna
above ground

Electrica! height of antenna

Type of transmitting antenna

Polarization of tranamitting an-
tenna

Charscteristics of transmiiting
antenna

Special transmitting antenna pat-
tern. Coordinated and/or in use

6.0

54

4.1

3.0

Code to be established by the national administration

Last character: height measured at:
— H for physical height,

~ E for equivalent (cffective} height,
- 8 for altitude above sea level

1n degrees with one decimal position. Only used for MF broadcasting in Region 2

Code, cg.:
01: dipole
02: half-wave dipole
03: full-wave dipole

73: horn

80: phase-corrected horn
etc.
See also Column 9J of the Preface to the IFL

Code as given in Table 9D1 of the Preface to the IFL.

N: non directionat

D: directional

X: special antenna (terrestrial)

Frame of reference for space station antenna pattern:

G: antenna pointing defined relative to a right cartesian coordinate system centred on the centre
of mass of the spacecraft, and in which the y-axis is parallel to the instantaneous direction of
motion of the spacecraft along its orbit, and the z-axis is the line joining the spacecrafi centre
of mass to the geocentre

P: antenna pointing defined in a right cartesian coordinate system using the nominal aim point
of the antenna on the Earth, 1tis centred on the centre of mass of the spacecrafi, and the y-axis
lics in the plane of the orbit, the positive direction being in the resotved direction of motion of
the spacecraft. The z-axis is theline joining the centre of mass of the spacecraft to the nominal
aim point

If X is indicated, the pattern cannot be fully described in data elements 4.7 to 4.15. In such
cases, separate sheets are required

0]

9F

SHHVIX

ANVI

X%

Al XANNY
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TABLE A IV.11 — fcontinued)

No.

Data element

Number of
characters
(A +BOY()

A | BC

Definitions

Basic data
required for
maost
applications ()

Optional data
required for
specific
applications

IFR
stored
format (*)

47

471

472

48

49

49.1

492

Pointing of spacecralt antenna

Orientation of spacecraft antenna

Name of transmitting satellite
beam

Pointing accuracy of antennas

Azimuth of maximum radiation
or pon-directional

Sector of azimuths

Radiation in sector of azimuth

2 72

32

2.(4.1)

Two parameters to be used

For option **G""; the angle between the nominal pointing direction and the z-axis; the angle
between the y-axis and the projection of the nominal pointing direction onto the x-y plane,
measured anti-clockwise from the positive y-axis when viewing along the z-axis.

For option “P*, the longitude and Iatitude of the nominal pointing position on the Earth,
specified as follows:

degrees longitude (1o one decimal place)

7 characters: E (East) or W (West)

degrees latitude (1o one decimal place)

7 characiers: N (North) or S (Scuth)

In a plane normal to the antenna boresight, the angle between a reference line and the inter-
section of that plane with the y-z planc. The angle is measured counter-clockwise from the
intersection line taken in the positive y-direction when viewing in the direction of the boresight,
preferably 180° 2 > —~180° Orientation of all antenna polar diagrams will be given relative lo
this reference line (Degrees + minutes + seconds = 7 characters) (sec Fig. A 1V-1)

Only for geostationary space stations

In degrees. Relevant only for a space station on board 4 geostationary satellite

In degrees with one decimal position. Note that for non-directional antennas, the IFRB stores
the symbol ND in this field

An azimuth or an azimuthal sector defined by two limits, in which the antenna gain, the
radiated power, the effective antenna height or the radiation may have specific values. For carth
stations operating with non-geostationary satcllitcs, this column contains the planned range of
operating azimuthal angles (in degrees) clockwise from True North of the carth station. For earth
stations operating with geostationary saicliles, this column contains the azimuthal angles cor-
responding to the station keeping tolerance of the geostationary satellite concerned

In dBW. Used to indicate the maximum allowed value of apparent radiated power in a given
sector of azimuth (data clement 4.9.1). Usually given in a table of two or more columns. Note the
character stored is always D to indicate dBW. See also Table 9-1 of the Preface 1o the IFL

v

4F

5L

9A

9H

9

9(NVIXIIVIX

XQ)

v

99V
XX

999V9
999V9

SHTHVIX

4
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TABLE A TVl - fcontinued)

4.10

4N

4.12

4.13

414

413

416

4.17

418

419

420

4.2

Horizontsl beamwidth

Elevation angle of the main lohe

Vertical beamwidth

Front-to-back ratio of the antenna

Gain of transmitting antenna

Transmission line attenuation
Scanning motion method
Type of scan

Scans per minute

Antenna rotations per minute
Circuit or programme number

Space station antenna polar gain
diagram relative to peak gain

52

a

5.2

1

4.0
30
5.0

80.0

In degrees with two decimal positions, preceded sometimes by a letter or an asterisk:
— H corresponds to a 6 dB aperture,
~ * corresponds 10 a 3 dB aperture (IFRB).

If the first position is blank it corresponds 1o a 3 dB aperture notified by the administration

In degrees with one decimal position, preceded by the sign + or —
Reference: horizontal plane

In degrees with two decimal positions, preceded sometimes by a letter or an asterisk:

— H corresponds to a 6 dB aperture,

~ * correspondstoa 3 dB aperture (IFRB).

If the First position is blank it corresponds to a 3 dB aperture notified by the administmtion

IndB

In dB. A group of figures preceded by the + or — sign and followed by a symbol indicating
the type of gain:

— | for isotropic gain (G))

— V for gain relative to a short vertical antenna (G} See RR 154

~ D for gain relative to a half wave dipole (G4)

In dB. Attenuation loss between antenna and transmitter

Code to be established

Code 10 be established

Number of scanning cycles per minute

Rotations per minute

1f required, radio circuit designation or programme number (c.g. TV programme)

Firstrecord:  Two characters:
First character
C: co-polar diagram
X: cross-polar diagram
Second character as in 4.4
Second record: Six numbers:
Opmar: maxitnum value of 9
Omix: minimum value of 8
A®:  incrementin ©
DPaegx: Maximum value of
M min: minimum value of
A : incrementin«g

(Sec Fig. A IV-1)

9B

XNV

S599v9

S599VOX

Al X3INNY
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TABLE A [V-1I — {continued)

Number of Basicdata | Optional data
characters required for |  required for IFR
No. Data clement (A + BC)(") Definitions most spexific stored
¥
A BC applications (*) applications format ()
421 | (Cont) [6 x (degrees+ minuics) = 30 characters)
8: angle off boresight of a given direction
¥: orientation of that direction measured in a plane normal to the boresight
countcr-clockwise (180° > B¢ > —180°)
Subsequent records: each record contains 10 values of antenna gain relative to peak gain, loss .
being measured positively in decibels. The values are ordered in terms of & and @ with the order;
Upwin, Bmin). Ypmin, Bmin + AB),... (Pmin. Omax), €Pmin + BIP, Bmin),--. UPmar, Binas)
The resolutions and ranges of 8 and (p should be chosen such that linear interpolation of an
antenna polar diagram between the given points shall be sufficiently accurate for coordination
studies.
Per record: 10 x 8.3 = B0 characters B
5 Characteristics concerning receiv-
ing station and station site
5.1 Identification number of recciver 6.0 § Number to be specified by the nationa! administration X
site or receiving arca
52 Name of the receiving station or | 20 According to Column 5A of the IFL. For mobile stations, indicate the service area (see Radio 5A X(20)
name of space station or satcllite Regulations, Appendix |, Column 5a and Table 4A1 of the Preface to the IFL)
5.3 ‘Type of location or area I Coding according (o data element 2.3 X
54 Type of terrain i Coding according to data clement 2.4 x
5.5 | Terrain characteristics Coding according to data element 2.5 x
5.6 | Country in which the receiving 3 Coding according to Table B1 of the Preface to the IFL 58 X(3)
station is located
5.7 | Longitude and latitude of receiver | 15 Code according to data element 2.7 5C HI)XNH2)5(2)
site {degrees, minutes, seconds) HLIXN2YHN2)
5.8 Height of receiver site above the 4.0 | Height in metres, if negative, with minus sign x
average level of the sea

¥l

Al X3INNY
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TABLE A IV-11 — (continued)

59

5.10

6.

6.2

6.3

6.4

6.5

6.6
6.6.1

6.6.2

Length of circuit

Orbital information (for space
stations)

Charocteristics concerning revelv-
ing equipment

Code number of recelving equip-
ment

Receiver selectivity

Receiver sensitivity

$/N protection ratio

Sensitivity to interference

Receiving  system noise tem-
perature

Equivalent satellite-link noise
temperature

Transmission gain

10

50

(see
2.10)

40

20

50

50

it

In kilometres

Same as for data element 2.10

Number referring 1o the equipment characteristics record

Code, ep.:

The first character indicates the -6 dB, F1:
1 £0.05kHz

2 01kHz

O <l6kHz
A <25kHz

Z »>500kHz

The second character indicates the ratio F1/F2, (F2: — 60 dB bandwidth):

A <125
B <15

Z >25

First character:

K: kTo

V: pV/'m

Remaining characters: value

IndB

Code, eg.:

i: very sensitive for harmful interference

2: very sensitive for harmful interference avtomatic

5: not sensitive for harmful interference

In degrees Ketvin
In degrees Kelvin. For space services only

IndB

%K

9L

™

A%

%S)

S99V

Al XANNY
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TABLE A IV-] - (continued)

Number of

Basic data Optional data
characters iy requicdfor |  required for IFR
No, Data element {A +BO)(") Definitions most specific stored ,
N oo applications () apolicats format (*)

(A Characteristics concerning recely-

ing antennas
1 Code number of receiving antenna 6.0 | Code number to be established by the national administration x
7.2 | Height of receiving antenns 1 5.1 | Codeaccording to data element 4.2 x

ground :
7.3 | Type of receiving anienna 3.0 | Codeey. according to data clement 4.3 x
74 | Polasization of receiving antenna ] Code according to data element 4.4 x
7.5 | Characieristics of receiving 1 Code according to data clement 4.5 x

ablenna
1.6 | Special receiving antenna paitern 1 Code according o dais element 4.6 x
1.7 | Pointing of spacecraft antenna 2 7.2 | Exactly as 4.7 but referring to receiving antennas x
‘111 | Oricntation of spacecraft antenna 7.0 | Exactly as 4.7.1 but referring to receiving antennas x
1.1.2| Name of receiving satellite beam 3 Only for geostationary space stations ST X(3)
7.8 | Pointing accuracy of antenna 3.2 | Exactly as 4.8 but referring 10 receiving antennas x
1.9 | Azimuth of maximum reception 2 4.1 | Codeaccording to data clement 4.9 x
7.10 | Horizontal beamwidth 1 52 | Code according to data clement 4.10 X

91
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TABLE A IV-1I - fcontinued)

n

712

713

T1.14

T.15

8.2

821

8.3

84

8.5

Elevation angle of the main lobeor
clevation scanning sector

Vertical beamwidth

Front-to-back ratio of the receiv-
ing antenna

Gain of receiving antenna

Receiving line attenuation

Administrative, management and
Status charocteristics

Frequency assignment/coordina-
tion number (registration number)

Notifying administration

International satellite system iden-
tifier

Date of dispatch notice
Type of teansaction for frequency

assignment
— purpose of transaction

— transaction number

Security classification

10

10

il

5.2

kA

i

u

Code according to data element 4.11

Code according to data element 4.12

IndB

In dB. Code according to data element 4.14

In dB. Atlenuation loss between antenna and receiver

Code to be specified by the national administration

ITU country code for the country notifying the data (see Table Bl of the Preface to the IFL)

In the case of space radiocommunications, the country symbol may be followed by a
symbol indicating an international satetlite system (INTELSAT, INTERSPUTNIK, etc)
(see Table B2)

Date

Code 10 be specified by the national administration

A: new assignment

M: modification

S: suppression

In the case M: a serial number

: unclassified
: restricted

: confidential
secret

top secret

- el Nl

k).

s

XM

X3

X(10)

Al XANNY
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TABLE A V-1l - fcontinued)

Number of Basicdata | Optional data IFR
characters . required for | required for
No. Data clement (A + BO() Definitions w0t specific stored
¥
A | BC applications (') |  applications format ()
8.6 | Frequency assignment usage 1 Code to be specified by the national administration (restrictions for utilization in times of x
i calegory tension)
8.7 | Statusof administrative frequency 1 60 | Status of the assignment and date on which this status was effective x
assignment data Reserve
Asgignment
Modification
Notification
Temporary authorization
Cancellation
8.8 Date of putting into use 8.0 | Datestored as YYYY, MM, DD (see Radio Regulations, Appendix 1, Column 2c, Appendix 3, 2C %8)
Column 3}
89 Lifetime of satellite 2.0 | Inyears, for space stations only 2G 99
8.10 | IFRB frequency nolification data
— type of notification 1 R: registered by IFRB x
U: notified to 1FRB but nol accepied for registration
I: registered by IFRB through explicit demand
S: not notified 10 IFRB due 10 security classification
O: not potificd 1o [FRB due to other reasons
~ result of examination 124 Code indicating the results of examination by the IFRB x{Y
{sce Preface to the IFL, Columns 13A, 13B, 13C)
— [FRB identification number 15 The first figure is to accommodaie the year 2000 and is at present always zero. A
The next two figures indicate the notification year,
the next six figures indicate the assignment number,
the next three figures indicate the entrance number,
the last three figures indicate the sub-entrance number
{see Preface 1o the IFL, Column A)
8.11 | IFRB circular number and year
- number 4.0 | Number of circular containing the publication of the recorded assignment x
- year 2.0 | Yearof publication b4

81
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TABLE A IV-11 ~ fcontinued)

an

813

8.14

8.15

8.16

n

8.19

{Cont.)

— mumber of special section/
advanced publication

— number of special section/
coordination

Date of IFRB registration
- tm

- date

Operating  administration/eom-
pany
~ administration/company

-~ point of contact

Responsible offices
— mobitoring centre
-~ monitoring station
~ regional office

- local office

Class of licence charge tate

Reference to international agree-
ments

International coonrdination I
— organization

~ resul

Coordination within own country
— result

Completion date of coordination

16

16

N NN e e

6.0

6.0

A: date in Column 2A
B: date in Column 2B
D: date in Column 2C
{see Preface to the IFL, Cotumn 2D)

Date in the columa mentioned above stored as YY, MM, DD

Code number of the operation licensee, administration or agency
{sce Preface to the 1IFL, Column 12A)

Code referring to the address of contact
(see Preface to the IFL, Column 12B)

Code of the national monitoring centre

Code of the nationa] monitoring station

Code 1o be specified by the national administration
Code to be specified by the national administration
Code to be specified by the national administration

Codes, &.g. according 10 special arrangements between the administrations concerned

Organizitions with which the coordination procedure has been carried out

Code to be established by the national administration

Actual completion date

2B

F

2A,B.D

12A

12B

X o X X

x

X6

X(16)

NE)

k)

X(42)

Al XINNV
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20 ANNEX IV

TABLES OF DATA ELEMENT APPLICATIONS

! N . .
The foliowing Table A {V-1la summarizes the regulatory applications of the “basic” and “optional”

frequency assignment and notification data elements described in Table A IV-IL
The various applications of the data elements are grouped into two main clusters:

—~ data elements, which are to be passed on to the IFRB for frequency notification, recording in the Master
International Frequency Register, etc., as stipulated in the applicable Appendices of the Radio Regulations;

— data elements, which are to be exchanged between administrations or certain organizations for coordination
purposes, eic., as stipulated in Special arrangements between the parties concerned.

1. Radio Regulations

Appendix 1 (see Article 12 of the Radio Regulations: Notification and recording in the Master International
Frequency Register of frequency assignments to terrestrial radiocommunications stations.)

Basic characteristics to be furnished to the IFRB for notification under:

Section 4 Nos. 1214 to 1217 RR: any frequency assignment to a fixed, land, broadcasting (except
5950-26 100 kHz), radionavigation land, radiolocation land or a standard frequency and time signal
station or to a ground-based station in the meteorological aids service.

Section B No. 1219 RR: any frequency to be used for the reception of mobile stations by a particular land
station.

Section C Nos. 1223 to 1227 RR: stations of the same service using a band of frequencies above 28 000 kHz in
a specific area, the particulars should relate only to a typical station.

Appendix 2 (see Article 17: procedure for the bands allocated exclusively to the broadcasting service
between 5950 and 26 100 kHz). Form of notice submission of seasonal high frequency broadcasting
schedules.)

Appendix 3 (see Articles 11, 13: Coordination, notification and recording in the Master International Frequency
Register of frequency assignments to radio astronomy and space radiocommunication stations except
stations in the broadcasting-satellite service.)

Basic characteristics to be furnished in notices relating to:
Section B Frequencies used by earth stations for transmitting
Section C Frequencies to be received by earth stations
Section D Frequencies used by space stations for transmitting
Section E  Fregquencies to be received by space stations
Section F Frequencies to be received by radio astronomy stations
Appendix 4 (see Article 11: Advance publication information to be furnished for a satellite network.)
Section C  Characteristics of the satellite network in the Earth-to-space direction.
Section D Characteristics of the satellite network in the space-to-Earth direction.
Section E  Characteristics to be furnished for space-to-space relay.

Appendix 5 (see Article 16: Procedure for bringing up to date the frequency allotment plan for coast radiotele-
phone stations operating in the exclusive maritime mobile bands between 4000 and 23 000 kHz.)

Appendix 9 List |
International Frequency List (IFL).

2. Special arrangements |

Terrestrial radiocommunications in general

Data elements which are relevant for standardized data exchange raﬂinn: administrations or certain
organizations.

Broadcasting sound and relevision (BC/BT)

Data elements which are relevant for data exchange between broadcasting organizations e.g. data furnished
to the EBU (European Broadcasting Union) from the different national broadcasting organizations and adminis-
trations.

{Rev. 1986)
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22 ANNEX IV
TABLE AlV-1la - Frequency assignment data element applications
. . Special
Radio Regulations arrangements
App.1 |2 App. 3 App. & [ 5|9
sl (&%
Seide
No, Data element ~|=15 g+
E|el2(8]8].].
-~ o ElE
> m B2l 8] w
Ancuacoﬂ...cns.m.uammm“m.m
cle|s gleisig|slsis|s a Ble L e B
212|2 2i21812|218/82(8 r..mﬂumw.m
& & &
318(8121813%(3\5(33(3|2/2/88 254|582
1.1 Frequency x|x|xjx]x]{x[xjx|x Xix| x| x[x{x|x|jx{x|x
1.2 Nature of frequency usage xlx
1.3 Mode of operation x|x]x
1.4 Additional frequency information x|x|x|x x
1.5 Frequency channel number xXix|x|x
1.6 Frequency offset:
Vision carrier offset X
Sound carrier offset X
1.7 Frequency stability Xix X
1.8 Schedule of operation
— duty cycle XX X
- hours of operation Xlx|xx|[x|x!xfx]X xIx|{=xix]|x{x
- percentage of use x|x X
- seasonal periods X xlx
1.9 Class of station Afx|x x| x| xix x|x x{x
1.10 Nature of service x|[x|x xX[xixlx x{x]x x|x
1.1 Function of the station X X
1.12 User group X x|x
1.13 Equipment mobility X
1.14 Equipment platform x
1.15 Number of maobile stations X x
21 Identification number of transmitting site x|x x
2.2 Name of location x x|x x x|x|x|x]|x x
23 Type of location or area X X
2.4 Type of terrzin Xix X
2.5 Terrain characteristics
- Ak parameter x|x
-~ effective height x|x|x
2.6 Country x x x x| X|x x| x{xfx X
2.7 Longitude and latitude of transmitter site x x x{x X

Tad CAdidina 100%
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24 ANNEX IV

TABLE AlV-lIa ~ {continued)

. . Special
Radio Regulations Arrangements
App.1 |2 App. 3 App. 4 | 519
g €8
a8 _m .m -n.
No. Data elements ~|E(RIE|=
E|g I
b L] “w
b w gle
> m gl m 2| -]
Ancuncnen.cos.m.umMmmmm.n
HHEBEHBREBHEHERBRLE g g|l=|%j%)g
2|12|8 2l12l8|12(8|=|&{2 |8 ..mFe.n =
B HEEEHEEHEE
<[& <|<|E|s (B |2
4.15 Front-to-back ratio of the antenna X X
4.16 Relative gain of transmitting antenna x x|x X x|x]=x X
4.17 Transmission line attenuation X x
4.18 Scanning motion method X X
4.19 Type of scan X X
4.20 Scans per minute X %
4.2 Antenna rotations per minute x X
422 Circuit or programme number x
4,23 Space station antenna polar gain diagram x
5.1 Identification number of receiver site X x
52 Name of iocation of the receiver xi{xlx|x X x| x X|x X
53 Type of location or area x x
54 Type of terrain X x
5.5 Effective height X x
5.6 Country x|{x|x X X x|x x
5.7 Longitude and latitude X X
5.8 Height of receiver site above sea level x x
5.9 Length of circuit x|x x]x x x
5.10 Service volume X
5.1 Orbital information (for space stations) X
6.1 Code number of receiving equipment x X
6.2 Recciver selectivity X x
6.3 Receiver sensitivity x X
6.4 S/N protection ratio x X
6.5 Sensitivity to interference X x| x
6.6 Minimum link noise temperature x
d

1st Edition. 1983
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26 ANNEX IV
TABLE AlV-ila - fecontinued)
Radio Regulations Special
, arrangements
_ App.1 |2 App. 3 App.4 [ 5|9
— -3 ey
: 8] e
| Elcig)®
No. Data element -~ £I18|8(=
Elgl2 85|,
= o e| €
NHEEEEEE
<SmuitipiVA|lw|jniVQ|lu|x|=]g]|3 alalE
. csleleliBiglelc|eleleis|ec|B|T 3 ) a HEIE g
£/81818(8|818\818;8(288|8 &35 TEHHE
$181%2(%81%08(85518 228525482
8.7 Security classification x X
8.8 Frequency assignment usage category X
8.9 Status of frequency assignment X x
8.i0 Date of putting into use X x{xixix|x|{x!x!lx X x| x|x}xjx
8.11 Expiration date of frequency usage X1ix x
8.12 IFRB frequency notification data
- type of notification x{x]|x b3
- result of examination XX
8.13 IFRB circular number and year Xix X
8.14 Date of IFRB registration x| x!x X
8.15 Operating administration/agency
-~ administration/agency X|xix: X
- point of contact x| x|x !
8.16 Responsible offices X
8.17 Class of licence charge rate X X
8.18 Reference to international agreements X|xixix
8.19 Coordination with international organizations x| x X
8.20 Coordination with foreign administrations x| x| X
I
8.21 Coordination within own country xix
8.22 Completion date of coordination xx

1st Edition, 1983
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ANNEX IV

TABLE AIV-IV - Equipment characteristic daia

No. Data element

Status

Basic

Optional

Number of
characters

(A + B.OO

A B.C

Definitions

i. General data

Transaction and date of action

1.1.1 Kind of transaction

1.1.2 Date of transaction

4.0

Code, e.g.:

N: new registration
M: modification
D: deletion

{ndicates month and year of action

1.2 Source of data

Code, e.g.:

T: technical description of equipment
R: measuring test report

ete.

1.3 Security classification

Code, e.g.:

: unclassified
. restricted

: confidential
secret

1 top secret

-0nxc

1.4 Type of equipment

Code, e.g.:

S: complex system

C: combined TX/RX facility
T: independent transmitter
R: independent receiver

A: antenna

etc.

1.5 System or equipment nomenclature

16

Indicates code designation of system or equip-
ment

Manufacturer and country of origin
1.6.1 Manufacturer

1.6.2 Country of origin

12

Code, e.3.:
abbreviations according to the preface of the
{FL

Equipment deployment and function
1.7.1 Deployment

1.7.2 Function

1.09)

1

Code, e.g.:

1: civil

2: military

3: civil/military

Code, e.3.:

A: radiotelephone

B: sound broadcasting

C: television-broadcasting

D: radio-relay .

ete. o

The second character indicates supplementary
characteristics

() A+ BC
A: number of alphanumeric characters.
B: total number of numeric characters.
C: number of decimal characters.

(2) The number of characters is still under consideration and will be established later.

1st Edition, 1983
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ANNEX 1V n

TABLE AlV-IV — {continued}

Status Number of
characters
No. Data element {A + B.O) Definitions
Basic |Optional
A B.C
Pulse width
2.9.1 Tunability . x 1 Code, e.g.:
F: fixed pulse width
T: tunable pulse width
292 Lower limit of pulse width range . X 3.0
2.9.3 Upper limit of pulse width range x 3.0
294 | Unit ‘ x 1 Code, ¢..:
N: nanoseconds
U: microseconds
L: miiliseconds
Pulse repetition frequency (PRF)
2.10.1 Tunability x 1 Code, e.g.:
F: fixed pulse repetition frequency
T: tunable pulse repetition frequency
2.10.2 Lower limit of PRF X 4.0
PRF in kHz
2.10.3 Upper limit of PRF X 4.0
Puise rise time and decay time
2.11.1 | Rise time x 3
2.11.2 Unit x 1 Code, see 2.9.4
2.11.3 Decay time x 3.1
2.11.4 | Unit x 1 Code, see 2.9.4
FM-CW deviation ratio
2.12.1 | Tunability . x 1 Code, e.g.:
F: fixed
T: tunable
2.12.2 Lower limit of FM-CW deviation x 4.0
ratio
2.12.3 Upper limit of FM-CW deviation 40
ratio
2.12.4 Unit x 1 Code:
H: Hz
K: kHz
Artenuation of harmonics
2.13.1 Attenuation of the 2nd harmonic x 30 Attenuation in d8
2,13.2 Attenuation of the 3rd harmonic X 1.0 Attenuation in dB
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ANNEX 1V

TABLE AIV-IV - (continued)

3

t.
Status Number of
characters
No. Daia element (A + B.C) Definitions
i Basic [Optional
W A B.C
Mixer and IF siages
1.9.1 Mixer type x | Code, e.g.:
A: additive mixing
B: broadband ring mixing with pulse shaper
M: multiplicative mixing
S: self-heterodyning mixing
1.9.2 Value of intermediate frequency x 9.4
393 Unit x i Code, see 3.2.4
3%4 IF bandwidth X 9.4
3.9.5 Unit X 1 Code, see 1.2.4
1.9.6 Local oscillator position x 1 Code, ¢.g.:
A: up-conversion in normal position
B: up-conversion in inverted position
C: down-conversion in normal position
D: down-conversion in inverted position
These records are furnished 3 times to accom-
modate the data for the 2nd and 3rd IF-stage,
if necessary
3.10 Image frequency rejection x 3.0 Indicates image frequency rejection in dB
i Special circuitry x 3.0 Code is to be established depending on
requirements
—— ——— (|
4, Antenna data
41 Antenna nomenclature X 15 Indicates manufacturer’s designation of
antenna type
Freguency range
421 Adjustability X 1 Code, e.3.:
F: antenna frequency range not adjustable
T: antenna frequency range is adjustable
4.2.2 Lower limit of frequency range x 9.4
423 Uppet limit of frequency range x 9.4
424 Unit x 1 Code:
K: kHz
M: MHz
G: GHz
i
4.3 Class of antenna x 1 Cede: _
T: transmitting antenna
R: receiving antenna
C: transmitting and receiving antenna
4.4 Type of antenna x 2.0 Code, e.g.:
01: dipoie
02: haif-wave dipole
03: full-wave dipole
etc.
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ANNEX IV 35

TABLE A1V-IV - {continued)

Status Number of
characters
No. Data element (A + B.C) Definitions
Basic |Optional
- A ‘B.C - : -
4.13 Antenna scan method x 1 Code, ¢.3.:
E: rotary scan within a limited sector
R: 360° rotary scan
- ) V: vertical sector scan
N: horizontal and vertical sector scans
[ (P . -
Half-power beem width
4.141 Horizental X 4.1 Horizonial half-power beam width in degrees
4.14.2 Vertical X 4.1 Vertical half-power beam width in degrees
4.15 Horizontal antenna diagram x 358.0 Indicates the isotropic gain of the antenna
at 20° intervals beginning at 0° (peak of the
directional diagram) sense clockwise (each
value: two characters}
Vertical antenna diagram ) |
4.16.1 Multiplication factor X 2.0 Indicates the value of the factor (in degrees)
which is to be multiplied with 9 values: +2.0,
+1.5 +1.0, +0.5, 0, -0.5, —-1.0, -1.5,
- —2.0, to obtain 9 desired angular values
4.16.2 Values of isotropic gain at 9 desired X 13.0 (Each value: 2 characters)
angles
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TABLE A IV-VI - IFL Table IEi

ANNEX IV

36 bis

Vision carrier offset as a fraction Vision carrier offset as a fraction
Symbol of the line frequency Symbol of the line frequency
for the television system concerned for the television system concerned

0 0 0 0

i1P + 1712 1M - 1/12
2P + 2/12 2M - 212
ip + ¥12 M - 312
4P + 4/12 4M - 4/12
5P + 5/12 M - 5/12
6P + 6/12 6M - 6/12
TP + 1/12 ™ - /12
8P + 8712 M - B8/12
9P + 9/12 oM - 9/12
10P +10/12 10M -10/12
1L P +11/12 1M -11/12
12P +12/12 12M -12/12
13P +13/12 13M -13/12
14P +14/12 14M -14/12
15P +15/12 I5M - 15712
I6P +16/12 i6M - 16712
17P +17/12 1™ -17/12
I8P +18/12 I1sM - 18/12
19P +19/12 1I9M -19/12
20P +20/12 20M -20/12

TABLE A IVVII ~ IFL Table 4Gi

Symbol

Conductivity
(3/m)

[T-J0 - NS - ST R S

4
3Ix10-1
10-2
3 x10-?
10-2
3 X 10-4
10-*

3 x 10-%
10-3

(Rev. 19C6)
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k| ANNEX IV

>
° y

¢) Angles defining boresight pointing in coordinate system*G"

The angles marked O and ¥ are respectively the first and
second daia items in data element 4.7, Table AIV-II.

x4

° y

d} Antenna orientation round its boresight “Reference orienta-
tion' data element 4.7.1, Table AIV-il.

Plane x is perpendicular to the boresight

Line XY in x is parallel to y-z plane

Line AB in x defines angle of reference orientation, ¢; 180° > 9 > - 180*
Line AB is this ““horizontal”

Angles ¥ used in 4.23 of Table A1V-11 are mesured from AB

FIGURE AlV-1 — Skerches of angles used in data definitions
!

Note. — Different authors label the x, y and z axes differently. These examples are only suggestions but of course any alterations should
be consistent.

1st Edition, 1983
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2 ANNEX ¥

TABLE A V-1 — Microcomputer daia base management system characteristics

Operating systems supported

System characteristics

Minimum memory required (')

Program charocteristics

On-screen help menu available at afl levels
On-screen interactive tutorial
Screen-generator

Input data validation (%)

Stored command files (")

Data dictionary

Installation program (')

Ease of use ()

Natural language error messages
Multi-user (*}

Media

Media on which software is supplied
Copy protected ()
Hard disk compatible

File characteristics (')

Number of fields per record

Number of characters per field

Number of physical records per schema (*)
Number of schema files opened concurrently
Number of characters per index key (**)
Number of fields per index key

Number of index keys per schema file (')

File structure

Modification
Add fields/elements
Delete fields/elements
Add records
Delete records

Data field/Element types supported
Numerie
Character
Date

Sorting/Index
Ascending
Descending

Allow duplicate keys {'*)
On multiple field/element {'*)

File compatibility ('}

ASCII
Accessible to external applications

MS-DOS (PC-DOS)
CP/M-86

UNIX

CP/M-68K

250 - 500 kilobyte

Required
Desirable
Desirable
Desirable
Desirable
Desirable
Desirable
Required
Desirable
Desirable

5 1/4 inch diskette
No
Required

Required
Required
Required
Required

Required
Required
Desirable

Required

Required
Reguired
Required

Required
Required

{Rev. 1986)
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4 ANNEX ¥V

(") A microcomputer data base management system should be capable of processing at least 65000 physical records. To ensure adequate,
continuing performance, the data base management system should be capabie of processing two to three times the number of records expected
five years into the future. The performance of some data base management systems degrades significantly as the total number of records in the
data base becomes close to the maximum capacity of the data base.

A_.u...:n::BcQo..n__uﬂQBn:_womsnﬂw@a& unon:_n:an.oaﬁ!nanoau_.aasnggﬁ_unnuﬂu_._.aoauna %qﬂﬁ?q
shorter keys than they are for longer keys. .

(") Anindex key pointstoa record or group of records containing specific information and therefore, providesa method of rapidly retrieving these
records., When information is retrieved without using indexes, the entire data base must be searched. This takes significantly longer than
retrieving records using an index key. Therefore, the data base management system must allow most retrievals 1o be made using index keys.

('} The data base management system should permit duplicate keys. Duplicate keys permit more than one record to have the same key. Duplicate
keys permit retrieving the entire set of records having a particular common characteristic.

(*") Thedatabase management system should be capable of sorting and/or indexing on more than one data element. Sorting on more than onedata
element is normally specified using minor sort keys. This provides the capability 1o order the data base on a secondary data element within
the order specified by the primary data element. For sxample, when the major sort key is assigned frequency and the minor sort key is location,
a data base in frequency order is produced. Those records that have identical frequencies are also ordered by location. All records having the
same frequency and having the same location are grouped together.

('*} There are a large number of software programs available for microcomputers. The programs include word processing, spreadsheets,
communications and data base management systems. In order to use these programs together, the files produced by one program musi be
capable of being read by another program. Many vendors are ensuring file compatibility between the various capabilities above by producing
integrated software packages that combine those capabilities into a single software system.

(') It should be possible to specify whether a report is displayed on the user's terminal or is printed on a high speed or letter quality printer.

{'%) Break levels are used with sorted data to specify when information from a record should be placed on a new page and when subtotals are
required. For example, if a report is produced in station class order and station class is used as a break level, the information for each record that
contains a station class different from the preceding record will be placed at the top of a new page.

(*") Access control should be placed at the data set or record level. Functional security should be applied e.g. read only access. The ability to place
security Jocks at the item level wouid be an advantage.

TABLE A V-II — Minicomputer data buse managemeni system characteristics

Operating systems supported ('}

System characieristics
Minimum memory required (*)
Transportability (") Required
Multiple user views () Required
Cold restarts {*) Required
COBOL/FORTRAN interfaces (*) Required
End user facilities (") Required
Multiple data bases (*} Required
Security (*) Desirable
On-line implementation (') Required
Product life-cycle (*') Desirable
On-line updating (') Required
Tuning (') Desirable
Multiple-threading (**) DPesirable
Data independence (*'} Desirable
Prototype data base development ('} Desirable
Hot restarts (') Desirable
Data encryption (") Desirable
Back-up facilities ("*) Desirable

Program characteristics
Global security (**) Required
Logical/physical restructuring (*') Required
Ease of use () Required
Data dictionary Required
Report writer (*') Required
Key definition (**) Required
Documentation ('} Required
Unauthorized access (**) Desirable
Multi-user : Reguired
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6 ANNEX V

() Thereis no generally accepted operating system available for minicomputers. Users are restricted to operating systems supplied by the hardware
manufacturer. However, the UNIX aperating system is being supplied by many manufacturers and may become a standard operating system.
Use of a data base management system supported by UNIX may increase software portability. -

(*) The DBMS must be capable of executing within the available main memory. When more than one user is supported, additional memory is
required. User response time is minimized when there is sufficient memory to simultaneously support all user programs. In some applications
additional memory may improve the DBMS response time. Typical main memory requirements are from one to two million bytes.

(" Itis highly desirable that all nnv_mnnfg software be independent of any specific hardware. Hardware independence permits the application to
be moved 10 another vendor’s hardware if that hardware provides additional capability or reduced costs. To provide hardware independence,
a DBMS should:
- fully comply with the CODASYL specification, or
— be available on hardware from at least three different manufacturers.

(*) The data base management sysiem should provide multiple user views of the data base. Each user should only be able to view that portion of
the data base required for his/her specific application.

(") The DBMS must at least allow cold restarts that is, non-automatic post incident recovery.

() Higher level languageinterfaces — the package should interface to both ANSII COBOL and FORTRAN 77 as host language to the DML (Data
Management Language).

() End user facilities focus on a high level enquiry language suitable for satisfying ad hoe information retrieval on line. The enquiry language
should be able to access both data base and non data base files.

Many of the information requirements which are traditionally satisfied by formal reports can be satisfied by an ad hoc on-line enquiry.

(*) This characteristic describes the ability to interrelate data bases and schema at run time i.e. a program should have access up to many different
data bases/schema. Non data base files should also be accessible from the same program. The DBMS package selected should be able 0
manage a non-integrated data base — essentially a number of discrete but interrelated data bases.

(") Access controi should be piaced a1 the data set or record level. Functional security should be applied e.g. read only access. The ability to
replace security locks at the time tevel would be an advantage.

{**) Anon-lineimplementation, within the DBMS or asa “*bolt on" package of a suitable transaction processot (TP)/screen handler, is required.
This TP should be transportabie, and would ideally form part of a transportabte DBMS package.

(") The DBMS package should be in the *‘growth'’ phase of its product lifc cycle ie. within five years of the first installation unless the product has
been through a major upgrade.
Above all, the product should be neither on the *‘leading edge’™ nor marked to be superseded but should be in the mid range of its product life
cycle curve.

(') The package should be designed to permit effective on-line updating. This implies that the package has sufficient security provisions to
adequatcly provide item or record *'lock out’’ and to process partial transaction errors. Hot restarts are a necessity. Simultaneous batch and
on-line processing should be allowed,

(**) Most DBMS packages include software to facilitate optimization of the data base structure and access paths. It should ideally have facilities
for: ,
— data structure display,
— statistical monitoring routines,
— structural simulation.

(") Multi-threading/Re-entrancy — theability of the DBMS software to process more than one transaction simuitanecusly. Multiple users should
not require multiple copies of the DBMS software. The degree to which this characteristic is achieved can be evaluated during benchmarking.

('} Higher level languages, including COBOL and FORTRAN, shouid be able to access data items without specifying the physical data structure.

(")} The data base administrator or an authorized user should be able to make trial modifications to the data base structure or content without
destroying the production data base. This is nermally accomplished by creating a second parallel prototype data base that coexists with the
production data base.

{'") Automatic real time recovery. This would incorporate a roll back facility which automatically “‘unpicks'” partially completed transactions.

(*") Extremely sensitive data should be protected by encryption. This facility would be useful to protect certain sensitive areas which exist in
spectrum management data bases.

(") Transactions should be journalized. Back-up of the entire DBMS to disk or tape (selective SAVE and RESTORE) should be easy to use and
resource efficient.

("} The package must provide security a1 the global/file level. The sensitivity of certain areas of spectrum management data bases requires file
security as 2 minimum.

(') The DBMS should provide the capability to iogically restrucrare (modify the user view) or physically restrucrure (modify the physical storage
of the data including adding, deleting or modifying data items) withou! recreating the entire data base. f

(**) Ease of use must be evaluated from the perspective of the users, the application programmers and the computer operations staff. Ease of use
is 2 function of the specific application or applications being performed. For an application requiring a large number of transactions to be
processed, the ease with which the data base can beupdated is a significant factor in determining the overall ease of use. In this case, a data base
management system, which includes the ability to update the data base using batch processing, may have a high ease of use rating. For an
application which requires a limited number of transactions to be processed, the ease with which the darta base can be updated is not a
significant factor in determining the overall ease of use. [n this case, a data base management system including the ability to update the data base
on-line may have a high ease of use rating. Other factors affecting case of use are:

(Rev. 1986)
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CHAPTER 6
ANALYSIS TECHNIQUES %‘

RADIO FREQUENCY SPECTRUM MANAGEMENT The previous chapters have dealt with the cperational, technical,
and plarming methods of mpectrum management. Assoclated vith these
Part 6 have been a variety of newly-developed techniques which have influenced

the decision-making processes in each of these araas. The quality of
the decision making, and therefore the quality of the management, ia de-
pendent upon the analytfical cepabilicies utilixed. This chapter is de—
voted to a description of these techniques and their application.

ANALYSIS TECHNIQUES -~

R.G. Struzak
Int. fonal Tek ization Union, International Radic Consultstiuve Committes
Genevs. Switueriand 61 SPECTRUM UTILIZATION CRITERIA
This section discusses those methods and metrics in being, and
those being developed, which are intended to be mesasures of spectrum
use effectiveness. A book on spectrum management techniques would not
be complete without reference to spectrum utilization criteria. This
refers to & continuous set of efforts to develop and implement a compre-
hensive msethodology for ascertaining a means for determining the rela-
tive effectiveness with which variocus spectrum users make use of spec-
trum resources.
The purpose of these notes is to provide an overview of the None of the concepts discussed below are baing used in practice.
measures of usage of the radio frequency spectrum resource and of However, one or another has achieved varying degrases of scceptability.
relevant analysis techniques. [Source: D.M. Jansky, Spectrum The need for developing such criteria or measures has been predicated

on the assumption that they would promote a basia for making judgements
with regard to the appropriate smounts to be providad to different users.
There is also, implicit in the development of such measures, the require-
ment that the electromagnetic: spectrum be viewed as & resource; and is
therefore, an economic factor whose value can be detarmined by market
forces.

Management Techniques, Don White Consultants, Inc., 1977,
Chapter 6, pp. 6.1-6.24)

It is the intent of this section to describe sowe of thesa measures.
These fnclude: Situation, Autonomous and Uniform Metric, Relative Value
Index (RVI), and several simplistic measures of Spectrum Urilization Ef-
ficiency. In 1968, the JTAC in its Spectrum Engingering - 4 Key to
Progress indicated eseveral concepts dealing with spectnm use, an
efficiency, as descibed below,! '

for intern, istributi ! ! )
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Sec. 6.1 Spectrum Utilization Criteria

611 PODAF

FODAF - meaning Power Density exceeding s specified level over am
Ares within an assigned Frequency band. The purpose of this concept
vas to provida a simple, standard unit of spectrum space utilization
based on & specified level of radiated energy demaity over a specified
bandwidth withiu a specified geographical ares. This concept snviaions
that when a spectrum user is given an assignment or license, it would
have a certain mmber of PODAFP's assoclated with it.

This approach would provide both & vecord of spectrum space
assigned and the basis for calculating the dagres to vhich all spectrim
space is actually assigoad in any one area,

612 Spectrum Usage Efficlency

Spectrum Usage Efficiency is & basically more sophisticated exten~
sion of the PODAF. Under this concept, spactrum utilization efficlency
(s) 1s abtained by a combination of the volume {v), bandwidth (B), and
time factors (t), for sn idasslized system®. It is then compared to an
actual system; thereby deriving an efficiency. Such an efficlency is
represantad by: : V3T

. j-{m.o!uuu

Tha terms in this squation are:

Volune Utilizarion: The ideai volume, Vi, is defined as the mipi-
mum Tequired to sffect communlications at a specified grade of service.
The volume actually used is the voluma denied, V3, to other potencial
users, The volums denied is further defined as that volune within
which another user cannot operats due to two factors: technical con-
siderations and rules and ragulationa.

Bandwidth Utilization: The ideal bandwidth, Bj, is defined as the
ninimus required to effect communications with a specified wmodulation
and grade of servica.  That part of the spectrum used is that bandwidth
denied, By, other users. The denled frequency spectrum is considered
to include total spectrum occupancy of the Teceivers and transmitters
comprising a specific system. This includes spectrum occupied by such
fectors as sideband splatter spuricus emissions, spuricus rasponses,
and intermodulatiomn.

*  The ideal ayatem is definad as that system of transaitters and
racaivers which accomplishes a Tequired mission with minimum use of
tha spactrum,

6.2
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Time Utilization Efficiency: The ideal time, Ti, is defined as
the ninimum required to render a specific type of service. 7The time
utilized is that denied other users, T4.

Systems Spectrum Utilizacion Efficiency: Systess utilization ef-
ficlency 13 defined as the ratic of the product of the ideal volume,
bandwidth, and time to the danied product of volume, bandwidth, and

time.

613 Effective Service Sum

Under this concept, it is assumed that sll operations requiring
radic frequencies may be defined a3 services; and that each sarvice re-
quirement can be expressed in terma of specific time pariodas that the
service is available or required to be available. Tha Sarvice Sum is
therefore the sum of the number of services mlciplied by the requirad
hours, and has the dimemsion of service hours, e@.g.

k=n

ZIt:A.
k=o

A = relative utility of each sarvice
¢ = likelihood each service avallable
to = tizme service is avallable

k = # radio services.

§(to) =

where:

This concept is 11lustrated by tha following example: In the State of
Illinois, 6 MHz of VHF spectrum is used for the pand mobils service.

Channeling 18 25 kHz per channel to provide 240 channels. Forty chan—
nels provide fire protection to 100 communities. This yields & rela-
tive utility per chamnel of 50, and a service probabilicy of 0.8. The
other 200 channels are wsed in 100 communities with 20 users pex chan-
sel. The relative utility is 1 and the sersice probability is 0.7.

The service can then be calculated as below to give 107 hours per day.

§ = (40) (100) (50) (0.8) (24)

+ {200} (100) (200 (1) (0.7) {24) = 1.056 « 107 service
hours per day.

For comparison with television, vhen normalized to & 6-Miz bandwidth,
as shown:

TV/6 MHz = 6.048 » 107 + 11 = 0.55 + 107 service
hours per day.

The copclusion is reachsd, that with the above assumptions, land mobile

6.3
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Sec. 6.1 Spectrum Utilization Criteria

is about twice as sffective in spectrum usage as VHF TV.

614 Relstive Value Index (RVI)2

The above approaches are absolute messurement approaches. In con-
trast, tha XI was developed to (1) demonstrate the feasibility and
utilicy of a ralative measurement approach for determining spectrum
value; (2) indicate the common techalcal, ecomomic, and soclo-political
dimensions of different spectrum uses which determine value; (3) iden-
tify the parameters necessary to measure spectrun velue; and (4) pro-
vide a decision model to incorporate the variables into the management
process. The RVI model is:

RVI = (1/5) ‘_(I_‘L_::'._m PTa + M
vhere: PTa ™ average numbar of hours & population may be served
n day.
B = it B of spectrum required to perform service.
1/Up = Urgency of Need designation.

Tp/T = ratio of channel hours devoted to a particular
purpose to the total nuober of channel hours
service is on-the-air.

¥Y/C = Economic activity ratio, where
C = Annual operating costs
Y = Amnual contribution to GNP
Iu = Spectrum user investmant
Ip Public investment.

The spectrum manager 1s then to use this model in the following way:

i. The nation is divided into K spectrum/geographic regions
{1 to K).

2. EZach request for spectrum is for & given pumber of unite of
spectrum space in bandwidth, and crossing 1 to K regions with N units
of spectrum avallable in each region. The total amount of spectrim to
be allocated may thus be viewed as a matrix, KN, showm in Fig. 6.1,
wvith individual requests being for blocks of this matrix. In this re-
gard, the vhite cells indicate availasble space, not requiring any accom—
modation. The dark cells indicate occupied space, the reallocation of
which requires effective accommodstion.

3. Zach request for one unit of spectrum bandwidth, crossing one
to X regions, is assigned one individual RVI score.

6.4
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Spectrum Bandwidth

Units of spectrum = N

Region = K

B = utilized spectrum space
[0J = open spectrum space.

Figure 6.1 - Region/Spectrum Matrix

4, The assignment aim is to maximize the sum of RVI's subject to
the constraints of spectrum svailability within sach individual region,
and scross epectrum regions.

5. The general form of the alerithm for this assigument may be
restated as:

MAX =~ RVI, subject to the comstraints:

1. Total units of spactrul sssigned in each reglon:
N

IR R

i=1

2. Total units of apectrum assigned for the nation:

>3 wiem

jal i=l

Placing the problem in this fora sllows the explicit introduction
of the concept of diminishing marginal payoffs as additional uvnits of
spectrum bandwidth are assigned to the same user, which is especially
relevant when these are to be used for separate purpodes. Conversely,
if this concapt is not relevant, then the total BVI of auy user's re-
quest can be divided by the number of units of bandwidth requested to
give a constant RVI per uait. Even in this case, the intersection of
the space constraints and the RVI may dictate a partial fulfillment of
a request for multiple units of bandwidth; provided this is techuically
feasible. The minimum usable bandwidths, for each user in this latter
regard, can be introduced as separate constraloes. )

6.5
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615 Spectrum Metrics3

Each of tha abova measures has certain deficiencies. The PODAP
oversimplifies the actual physical situation. the Effective Service Sum
and the BVI deal with only efficiency and not actual quantity , and the
Effective Service Sum uses service as s basic commodity. 1t is too dif-
ficult to defins tha ideal systes in the Spectrum Use Efficlency.

Several recent attempts have been made to develop explicit spectrum
setrice which give balanced consideration of the uase of spectrum by both
transmitter and receiver. These metrics attempt to lncorporate realis-
tic information sbout the smission and selectivity of radic systemss; and
yat, ara easily calculable.

6.1.5.1 Situation-Specific Denfal

This measure is the voluma of spactrum space that a system denies
actual existing systems that are competing for allocations. The result
of application of such a metric are shown io Fig. 6.2 for various re-
ceivers. The combined spectTum space that a system denies to all com-
peting systems is the measure of its spectrum spsca usage.

6.1.5.2 Uniform Denfal

The measure can be the volume of the spectrum space denied by a
transmitter (receiver) to an idealized reference raceiver (transmitter).
OQoce the refarence is chosen, this measure depends only on the charac-
teristics of the station being evaluated. This metric 1s illustrated
by determining the space denied to a reference transmitter by a parti-
cular receiver, R. Assune Che transmitter has an isotropic antenna
(Gy(#) = 1) and a perfect narrow spectral density function, P(f1fp) =
0; Pr = emitted power of the refersnce transmitter. Then:

Py (the interference threshold of evaluated/receiver) -

Pogg (92 .
- ‘—(f;‘_fly l(t.rd) H
l.(tr,d) = transmission loss
¢ = azimsuth angle
F{¢)] ® gain of receiver sutenns
g(£,f) = selsctivity function

This equation is applied to a system having three receivers, located at
Ry, R7, and k3, in Fig. 6.3. Then for a particular frequency separation;
tha ares denisd by each receiver is indicated by the light lens, with
overlapping prediction arsas shaded.

6.6
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Solid Linc Represents
Denigl Envalope

Area Denied To Reference Recciver At Freg. fR

Fig. 6.2 - Measure of Composite Fig. 6.3 - Overlapping Receiver
Denial of Spectrum-Space by Trans- Denfal Areas.
mitter T to the 4 Receiver Types

6.1.5.3

The measure is dependent only upon Che characteristics of a parti-
cular station (receiver or transaltter) which deny space to others. The
moat important characteristics are the emission or admisslon character-
iarics of the station, and grade of service required.

Autonomous

denied
This matric is not inherently a calculation of spectrum space

to other systems, but it ia proportional to the amount of spectrus space
used for the important special case of fres spaca transmission loss and
two spatial dimensions. The transmitcer and Tecelver metrics in this

case can be simplified to:
T

HT.TP”;HR-“O;

P = transaitter pover; go is the maximm gaio of the antenna,
T = time,
¢ = selectivity

ic measure of
These metrics are an attempt to provide s more Tealist
spectrum use. However, until perfected, they are not likely to be
utilized as real spectrTua management Cools.

where,

6.7
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62 COMPATIBILITY OF C-E SYSTEMS WITHIN BAND

As nentioned in the chapter on planning techniques, it 1a becom-

ing increasingly important to have analytical techniques which can pro~-
vide rapid macroscopic evalustion of the potential interference problems

within a band. Such techniques are important in the context of both

Such band-sharing analyses are intended to provide quantitative
indications of potential problems in a frequency band of concern, as
vell as to identify the options availsble to the Spectrum manager for
dealing with the problems,

Tha assessment oormally proceeds in sevaral phases., Theae are de-

scribed ia Tabjie 6.1.

Table 6.1 - Phases of Spectrum Resource Analysis

Phase I: Systems are identified, along with availabilicy of tech-
nical snd operarional data. Potential interactions sre
assessed.

Fhase II:

All possible system interactions are given quantitative
analysis. Analyses are based on best available data,
Courses of acticn are identified that promote compatibility

Phase III! Addtvional periodic assessments are carried out to take

ioto account new inputs, such as new Bystems or design
changes

e e ——— e

The critical techniques in these analyses are (1) those which identify
Tequired distance separations between systoms, and (2) those which ana-
lyse the effecta of additional intersystem isolation through off-tuning
(or other means) on distance separation.

Fig. 6.4 15 a block diagram of a generalized band-sharing assess-
ment analysis procedurs.

The basic factors considered in generating frequency-distance re-
larionships are shown in Pig. 6.5. The transmitter s tuned to some
frequency fr and Btnerates a power spectrum which is a function of mod-
ulacion type and equipment. A signal from the transmitter passes
through the Propagation path and enters the interfered-with receiver;
which has certain band-pass characteristics, dependent on modulation,
sigoal parameters, and filtering. The objective of the analysis is
then to determine the amount of power in the interfered-with receiver,
due to the interfering tranmmitter. When this is relsted to a thres-
hold of user interference tolerance, decisions can be made with regard
to optimum separation distances, The procedure is to determine the
®mount of interference protection required for a given frequency

6.8
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™
System Qatiatition
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Figure 6.4 - A Generalized Band-Sharing Assessment Analysis Procedure.

(41
separation and interference level, and then to :::lw ﬂ)‘.tpor::::d ::
calculation backwards (1.e., given loss, find d tl.:.::l il
e o e raten .“:ult’:;:zt:::;u::hzz.llu ({ntetferencc—to-
formed by using the system per e i 66 nove

the interfered-with raceiver. .
::t::i:;;:i:::;zl ::rvel for four values of I/N. Thesa could represent

four values of transmitter pover or antenna gain.

The snalysis described shove are predicated on assumed :.:s:r:;:t
values of the electronic systems. In truth, tha parameters
will vary statistically with time.

Analysis of frequency/distance relationships vhi‘cr: ::,d ';::cu;i :n a
statiscically~varing situation requires a cunpreh::-. e odel. e
6.7 indicates the functional block diagram for suene el wtng buch o
tiltical frequency/distance curves which can be g ; Pty
model can provide the basis for trade-offs which apply o e tiey,

f probabilities of occurance. Such a tool has gr e ror
which ¢ Pbe applied to problems over a broad range of con e ;1 For
e zpsuch as that in Fig. 6.8 can be generated. r;sr :HTR)
Tndtoacs c:;v: when antennas for the interfaring transmitter ( o
ind:l.cate: te:fered-uith receiver (TEST RCVR) are physically "P:ated -
o d the systems have tuned frequencies which are ‘85.901 e
¥ iy, e “: terference criterion of I/N = 10 will be violate 2 ot
e Cimer 0: :Jl;e other hand, if the tuned frequencies are szp:;a .“y
;hlem;h:t.ue I/K of 10 dB will be exceeded 507 of thed;i:fle. 13; ofeihe ]
11 HH; apart, the I/N will only be greater than 10 or

time.
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Sec. 6.3 System-to-System Compatibility

The application of these techniques, on a systemaric basis to
cach of the interfering situations among the systems within a particu-
lar band, provides the baiis for stating vhether there are serious pro-
blems, managable problems, or no problems, Purthermore, 1f there are
problems, these analyses will point out directions of solutions.

6.3 SYSTEM-TO-SYSTEM COMPATIBILITY

This section will describa techniques for addressing compatibility
between two specific C~E systems. Such techniques come into play once
the procedures and analyses of the previous sections have identified
interference interactions batween two systems which are either serious
or mansgeable, The techniques used to solve these situations inwolve
s combination of detailed testing and coordinarion snalyses.

Illustrarive of the techniques which have broad applicability, are
those which have been developed and utilized o solve system-to-system
compatibility problems between terrestrial microwave systems operating
ia the sams band as a satellice a;-r.n; and an airborne terminal operat-
ing over wide geographical areas.

The system links are symbolically {llustrated in Fig. 6.9. The
links involving the satellite, its earth terminal station and the ter-
restrial microwsve stations are manageable problems. The analysis tech-
niques used in the management include the following.

6.31 Earth Station Coordination Distances

In general, fixed satellires hava been sllocated to share bands
with terrestrial microwave stations. Procedures have been developed
to compute coordination distance as a function of azimuth angle rela~
tive to the sarth station nesar beas direction. Calculations are based
on a set of specified interference signal levels for each source that
can be exceeded no more than s percent (normally .01X) of the time.
Individuai coordination curves sre calculated, considering the earth
station as a source, as vell as ths interfersd-with station. Examples
of cooxdination contours are shown in Fig. 6.10.

632 Earth Station-to-Microwave

If a microvave station lies within one of these contours, coordina-
tion must take place. This coordination must examipe the predicted sig-
nal-to-interfarence (5+I) ratios and compare thes to those required for
satisfactory performance. Predicted S/I vatios may be given by:

S/T=S/M - (P +Gy =L, =af - R)

I

0ty 71

Sec, 6.3

System-to-System Compatibility

Airborne

Terminal

Satellite

Interfering Signal

&

Terresirial Microwave Link

Ground Terming!

Figure 6.9 - Interference to Microwave Link from Afrborne Satellite Terminal
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Receiving Station Coordination Contours

Transmitting Station

6.16

Flgure 6.10 - Earth Statien Coordfnatfon Contours.

Figure 6.10 - Earth Station Coordination Contours.
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Sec. 6.3 System-to-System Compatibility
where, S/K = design input signal-to-noise, dB
Pt = transmitter jinterference power

G, = antenna coupling

L, = path loss

Af = off-frequency sSystem
R = recelver sensitivity

G(o), the antenna coupling, may be anelyzed as illustrated in Fig. 6.11
for the two dimensional case. It is considered the cumulative sngular
isolation, 58 = 8, + 8;. Additional techniques are used to select per—
formance values, %or these, combined with the sbove, give the predicted

sfl's.

6.33 Sateiite Link Intorforence

When the combined characteristics of satellits antenns pattern snd
gain, and power are factors in an interference calculation, the tech-
nique of plotting satellite footprints may ba utilized. Such a foot-
print is shown in Fig. 6.12. The contours in this figyre are plots of
pover flux density on the sarth's surface, These contours are con-
structed by searching outward along rays emanating froa the maximwm
power point for the desired signal level and ites corresponding location.

This specific serious problem involved the mobile airborme terminal,

and the terrestrial microwave stations. In such a case, tests were re-
quired to ascertain the nature of interferamce. The rationale and meth-
odology for carrying out such tests is indicated in Fig. 6.13. The
specific problem was the interference created by the back lobe and thes
side lobe radiation patterns of the airborne terminal.

The tests revealed that unacceptable interference would take place
under certaln circumstances at certain locarions. A technique which
can be utilized to avoid these locations is illustrated in Pig. 6.14.
This figure consists of interference contours which indicate chose re—
glons vhere levels from an interferenca source would exceed specified
thresholds at the receiver. These thresholds are specified in terms of

signal-to-interfarence ratios, which are directly relsted to performance.

The contours have been developed by a computer program which considers
the geometric relationship between sn elevited signal source and speci-

fic points on the earth's surface.

More and more, techniques such as those detailed above are being
developed to handle system-to-system interference situations. The ra-
yeferences at the end of this chapter are sources of additional infor-

mation on this subject.
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Sec. 6.4 Probab{1istic Approaches to Compatibility Analysis B sec. 6.4 Probabilistic Approaches to Compatibility Analysis

v

perforsance. (e.g., missing envirormental factors, inade-
quate modeling, and interpretation);

4, Limitations on applicability: for example, S/N criteria vs _
the more realistic error probability measures; optimality va
sub-optimality criteria for actusl use; and lack of adequate
enviroomental models;

v

R iy U SN

5. Limitations on predictability: This is a consequence of 1 -

: through % above, Also, it is the result of the inadequacy of
d many curtant EM environmental models and predictions made
: therefrom;
L o :::.::-: :‘_’ﬂ"lﬂ K 6. Llack of decision costing and evaluation: Performance evalu-
et B = Iateriersace 4 ations need to include the "costs” of decisions steming from
-l 1 o the communication process. These alsc are part of the more
" R realistic criterfa required for assessment, cf. & above.
‘ -

P N TE ]

7. Linitations on technical scope; While the single-link system
: {transmitter - EN environment = receiver) in the fnterference
i environment is necessarily the fundamental unit for study;
the analysis techniques appropriate here nssd to be axtended
to multiple-link and inter-system structures, with particular
emphasis on commmication trade-offs and efficlencies, costs,
and pay-offs, etc.

Figure 6.14 - ITlustrative Co-Channet Interference Regions About A
Terrestrial Receiving System.

ke
A g y T

o being msde to rectify these deficiencies.
6.4 PROBABILISTIC APPROACHES TO COMPATIBILITY ANALYSIS 6 Attespts are presently being
Such a general theory of telecommunications systems performance
Fevetonen inyen have dascribed techniques presently in use and b would permit the determination of tha characteristics of electronic com~
o o oro pch can be used to sscertale whether o psrticular Sy mumnication systems of all types and applications in bhoth actual and po-

communication-eleactronic system will be able to perform ita intended
function 1n‘the particular EM environment in which it finds 1itself.
However, these techniques are all based on assunptions, which lead to
conservative engineering judgements. Thease, in turn, determine how
tloge two or more systems may be configured without unacceptable inter-
ference to each other.

is will require the
e tential interference envitronments. To accomplish th

] : development of procedures, analyses, and concepts by which the necessary
data base may be established and by which deficiencies of current ap-

proaches may be mitigated.

The functional relationship of the theoretical snalysis to the end-
product performance predictions is shown in Fig. 6.15. The physical

There does not exist & general theory for the performance of tele- parameters are well known.

commnication systems in the spectral-use environment. This situation

18 characterized by & ausber of deficienctes: A firac step in the development of the general theory is definition

of models of the EM enviromment. The variocus environmental factors sre

1. Lack of svailebility: Pertinent data are scattered under interralated in the manner illustrated in Fig. 6.16, vhere:

various types and classifications, etc.

i where, (a) = Single link in EM environment
2. Lack of standardization: Experimental and theoretical re-

sults obtained under a variety of more-or-less limited and
incomplete criteria of measurement snd performance.

3. limitations on reliabilicy; {i.e., on the quality of the
dats: inadequate "ground truth” for adequate assessment of

1) other intelligent links
(11) unintelligent EM interference fields .

N
(b) = E T;(R) multiple links incorporated as a system in
i=1 an EM enviromment.

6.20 6.21
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Se;. 6.4 Probabilistic Approaches to Compatibility Analysis
t
‘ '
Class of : Sec. 6.4 Probabilistic Approaches to Compatibility Analysis ®
a‘;;dlt:d thm]:".!“‘:“ Exp'ts =¥ C::::d Data i
analyses "
a Data Base H (1) other intelligent aystems
! ] : (i) unintelligent EM fields.
4
physical N\ . ; Models of the EM environment are required to indicate the relevant
parameters - : parameters, and to show how they appear in the underlying physics of the
situation. Models 9150 tall what parameters to measure, and how
*ground significant they are as snvironmental descriprors. Models of the EM
[T} 2,,,“',,. d environment are pecesary for the analysis of system performance (which
envirommant P are a critical part of tha gensral dats base). They are related to the
. Pa sy d“;:' besic environment parametsrs; e.§., the error probabilicies which are
i by used as performance measures and pradictors are themselves axplicit
criteria of | (and implicit) functions of the enviroument wodals and havs been clas-
performance sified for EM ianterference as follows:
Class A Interference: This noisa is typically sarrower in spectral v
widcth than the receiver in question, and, as such, generares igunorable
transient decay in the receiver's front-end (e.g., sperture-RF-IF)
Fi 6 stages when a source emission terminates.
gure 6.15 - Relation of Theoretica) Anal - . :
Performance Predictions yses to End-Product: Class B Interference: Hers the bapdwidth of the input noise is
larger than that of the receiver's front-end stages; so that transient

effects, both in build-up and decay, predominate. The receiver iz, to
varylog extents, "shock-excited”; typically for imputs of short duration.

Class C Interference: This is the sum of Class A and Class B in-
terferences, which cam occur either becausa of rhe presence of sources
ﬁminullimt EM of mixed types {(Class A, Class B emissions), and/or because any Teceived
interference fields enission 1s itself strictly Class C; i.s., there is alvays a build-up
period and & decay transient period in any front-énd receiver reaction
to an lnput emission.

s

Fig. 6.17 shows typical waveforms (of tha envelope) at the output
& particular single- of the (linear) stages of & receiver for tha different classes.

link TR {(1ntelll~
The sbove-defined categoriss for intecfersnce, as it impacts on a

geat) channel. (a)
typical (narrow~-band) receiver,({.¢., slternativaly, as the recelver
responds ia an EM enviroument), provide s useful way of describing the

different types of interfarence sand their effects on reception. The
method of clagssificacion may be extended further to distinguish berween
man-made and natural interference, and batwaen “intelligeat™ and “non-
inzelligent” emissions. Thus:

(1) Intelligent noise or interfeyence is man-mads snd |

) intendad to convey a mesaags of some sort;

Figure 6.16 ~ Schematic of EN Environment; (a) and (b), above. (11) “E"::::;l:hiﬂ‘"* noi:: :r 1::::::‘?“;9::;::1:) a:: ::y

be san-sade, but conveying uwo intended cowsunicstions;
(e.g., automcbils ignition noise).

FE
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Rectifie

- Input Pulses

Class B = Recetver

ransient (Negligible
Build-up T‘IIE?

(Negligible Decay Transient)
Class A

spectrim.

. -
Jad

Figure 6.17 . Some typical Class A, B,
output of receiver (aperture x RF x IF)

vhich vill lead to

dicting the performance of communication~elec
tromagnetic environment,

timately lead to an enhanced capability to eff

T L A PO
I PR RN d

& C Interference Waveforms at
stages.

presented excerpts of efforts Presently underway
& conpletely generalised set of techniques for pre-

tronic systems in an elec-
The development of Such techniques should yl-

ectively manage the radio

6.24
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limited 10 those directly active. This may be particularly attractive, for
example, to panicipants from developing countries,

f) Possibility of specialized computer-based bulletin boards or
conferencing subjects on various practical maters. Computer
conference topics such at Rural Telephone Networks, Traffic
Forecasting, sc. would provide source of advice and information for
interested members. Paricipants might include ITU siaff as well as
experts from administrations, RPOAs and S10s.

g) Access 1o databases of ITU ,__..E. flexible query and extraction
facilities, including updating where applicable.

Accessibility of an extensive library of ITU material, without
the need 1o maintain an organized collection of this material at the
member's site.

i) Rapid access 10 recent and previous versions of ITU texts
with the query, browsing and index faciliies which computers make
possible.  This will provide a qualitative, as well as speed,
improvement in information availability.

» Experience in the use of new telematic services, tzchniques
for consultation and research using on-line information sources,
standard query languages, open document architecture, OS] sysems,
eic.

k) Cost savings in document preparation due to availability of
an increased pan of texts in machine readable form. This will become
increasingly important as the ITU makes further progress in computer
assisted transiation.

4 The TIES Concept

The general concept of TIES is an "umnbrella™ covering the different types of
clectronic information transfer and consuhation which ITU may provide.
Services will be made available gradually, on a schedule which maxirizes
synergy with other developments both at ITU (e.g., document processing
systern) and with outside suppliers. Expansion of usage, and guidance in
emphasis and directions will also be driven by feedback from pasticipating
sdministrations and other users.

A key policy is w0 prefer practical resubis, on a reasonable scale, to a
grandiose all-encompassing scheme. The implementation includes a
sufficiently open architecnure 10 facilitale the addition of further services as
demanded and the esublishment of regional TIES nodes.

Key implementation criteria are: casy user interface widely known and
supported In many geographic areas, multi-language capability and
documentation, support of widely available termmal equipment, and use of
. onal standards,

s The TIES Implementation

The initial TIES services include those identified as being the most urgently
required (electronic mail including X.400 and other computer based
messaging) as well as darabase access services for which many parties have
indicated a suong interest. The following services are ready for test and
Kse.

a) Intersctive Elecronic Mail

b) X.400 Mail Interchange

¢) Compuier-based conferencing
« [TU Info service (similar to videotex)
+  Access 10 databases of ielecommunication information
- File transfer (Kermis)

- Integration with various telematic services such as Telex,
Teletex and facsimile (shont temm})

+ File ransfer (FTAM)

- Document reference system with rich query and retrieval
bilic

6. Available TIES tools

Interactive Electronic Mail - may be used for messaging and for
submission of documents in simple IAS or ASCII code. In addition 1o
simple messages these could be documents in Rich Text Format
including tables, graphics, and formulas. For further information see
User Notes TIES-04 and TIES-10 (TIES User Notes are available
from the ITU Computer Department).

X400 Electronic Mail - allows users in organizations with their own
electronic mail system or with access to 2 public system to send and
receive ITU-related mail with their regular eMail system. Documents
can also be sent this way, but as simple IAS or T.61 text only, as the
CCITT Recommendations do not currently provide for attachment of
binary files. See User Notes TIES-05 and TIES-10. RTF documents,
which are mapped into a stream of 7-bit ASCII characters, can be
included in X.400 messages.

ITU Info System - a Bulletin Board sysiem with a Videotex-like user
interface. Sce User Note TIES-03.

Compuier based conferencing - can supplement face-lo-face
meetings and reduce time required to achieve results. Conferences
may be open to the TIES "public” or limited to authonzed individuals.
Entries (messages) may be posted by all participants or a conference
may be set up so as to allow only the moderaior to add entries. See
User Note TIES-06.

File transfer - means of exchanging binary files such as documents in
various word processing formats. See User Note TIES-08.

Database access - query, data exiraction and submission for certain
ITU databases, e.g. Intemational Frequency List, Ship and Coast
Stations, World and Regional PLAN.

1. Access {0 TIES

TIES provides for wide commectivity (PSTN, PSPDN) and supports a wide
variety of user equipment types. ISDN suppont will be included when
intemational ISDN capabilities are widespread. TIES is equally available to
users in al| time zones, with an initial target of 95% svailability around the
clock.

8. Costs

. e S

| T2ES services are basically free of charge. |

The dissemination of some [TU databases via TIES is, in effect, electronic
publishing and as such subject o pricing policies as other forms of ITU
publishing. For example, the yearly cost for the on-line access to the Global
Telecom Directory is the same (72 Swiss francs) as the yearly cost of the
three printed editions. For the time being, the access to the Global Directory
(pant of the ITU Info service) is the only service requiring a subscription.
No communication costs, in addition o the usual ones paid by the users o
their camiers, is charged by TIES.
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[21 May 1990 TIES User Note 02
LOGIN PROCEDURE
Acgess from PSPDN answer entering your Usemame, as supplied by ITU,
followed by [Remm |
Users should call the following ITU TIES X25 DTE address, on e .
AC, the Swiss Natioral " {e.g. Usemame: Smith_Junior [Remm)

- DTEnumber. #228468111112

the # symbol refers 10 the local PSPDN Code for intemnational
routing which is different for each local PSPDN. Please
contact your Telecommunications authority.

Access from PSTN

Users should call the following Telephone Number for the access to [TU
TIES through the Intemnational PSTN:

+  Telephone manber:  +41 22 7337575
which provides access o0 s muhistandard modem interface,

presently complying with the CCITT V.21, V.22, V22bis,
V.32 modem Recommendations and Bell 212A.

Communication programs should be set up t0 allow about 30-45 seconds
for pulse dialing plus modem handshake completion.

Lseridentification

A successful communications cormnection either through PSPDN or PSTN

i [TU is recognized once the following promps are displayed (pressing
[RETURN] may be necessary 1o get o this message):

LT.U. Telecom Information Exchange Services
Username:
as witll as any particular messages that might be displayed, for example, by

your National PSPDN (eg Cill Comecied w remote DITE
228468111112).

+ Tothe prompt

Username:

or INFO [Retam] - with no password needed)
+ Anew prompt will be displayed by the system:

Password:

answer entering your Password, followed by [Rewm]

(2.8 Password J0000CX [Retem])
After the call is successfully established to the ITU system, you are able 1o
make three afterypes to enter the comect combination of
Usemame/Password. If a valid usemame/password has not been entered

after three tries, the system disconnects the call To make a further attampt
one mus restablish the call.

Login to TTES Meny

After 2 successful login, the ITU TIES sysem displays some messages )

conceming the use of your account; )
- The date of your last interactive login.

- The number of failures in
Usemame/Password, if there were any.

+ A message that, for legal reasons, wams that unauthorized
access is prohibited. Registered TIES users, using their own
Identification Codes sre, of course, anthorized users.

» Afier this, some seconds will be required for the activation of
the sofiware that allows access 1o the TIES Menu Interface.

the combination

This Menu includes the services from TIES that one is o
cntitled o use.

+ For details on how o use the services, please consult the on-
line TIES User Guide which is part of the ITU /nfo service
{menu choice 50).

USER SUPPORT

The recommended approach for support requests is the use of mail (postal,
telex, facsimile, or electronic mail). Messages can be in English, French or
Spanish.

Electronic mail messages should be semt to TIES user HELPDESK.

ITU, Conspuser Department, TIES

Telephone support - to be used at last resort - is also available.

TIES Users Suppont Service between 9:00 - 12:00am and 2:00 - 5:00pm
Central Enropean Time, Monday to Friday, excluding holidays.

Place des Nations, 121§ Geneva 20, Switzeriand
Telephone :  +41 22 730-5555 - For general TIES related questions
+41 22 730-5323 - For technical dats commumication questions

Telefax +41 22730 5337
Telex 421000 vit ch

X.400 eMail Address: Country=CH ADMD=ARCOM PRMD=[TU Sumame=HEIPDESK
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TIES User Note (03

Page om_

- Use <Next Page> and <Previous Page> keys to
browse through when the dynamic menu is composed
of multiple continuation pages.

This local keyword search is generic and is used
whenever one reaches a situation where it would be
impractical to continue searching the "menu tree”. Insuch
situations, a page of instructions is displayed explaining
how keywords can be used. This technique is consistently
used throughout the ITU Info service.

Global keywords are also used. They provide a good
way of exploring the contents of the ITU Info service.
They are usually associated with important menus which
start a particular branch of the ITU Info Videotex-like
“tree”. A global keyword is distinguished from a normal
one by the presence of a special starting character (?). For

example, regardless of where one is, by pressing <Find>
and entering 20RG* one would get a numbered ist of all
pages (usually menu pages) dealing  with
ORGANIZATION (e.g., "ITU Organization”, "CCITT
Organization™, etc.) as well as any other pages indexed
with other terms starting with "ORG", By entering the
number of the choice one can go directly to the
corresponding branch. By pressing <Find> and entering
?* one gets a list of all global keywords and corresponding
page titles which is the "table of contents" of the ITU
Info service.

Exiting ITU Info
Press PF1 followed by . (the "period” in the main part of

- o a
e x -
TR L .

the keyboard).

Basic ITU Info keyboard functions

Function Description VT320/220 VT100 User Minitel
HELP General help Help PF2 * GUIDE
PAGE HELP Page specific help PFl PF2 PF1 PF2 GUIDE
MAIN Go to main menu PF1 PF3 PF1 PF3 *SOMMAIRE
EXIT Exit Info PF1 . PF1 . CONNEX/FIN
FIND Retrieval by keyword Find PFl 7 * ENVOI
BACKUP Go to previous menu Cursor up PF3 SOMMAIRE
NEXT PAGE Go to next page Cursor right PF4 SUITE

PREV PAGE Go 1o previous page Cursor left PF1 PF4 RETOUR

In the column "User” you may enter the keys which apply to your situation, If you are using a VT emulation program,
check the documentation carefully before logging 10 ITU Info (e.g. position of PFi keys).

Typical mappings of the basic Info functions on keys of an IBM enhanced keyboard

[ Program PF1 PF2 PF3 PF4 Heip Find
PROCOMM Fl1 F2 Shifi F1 Shift F2 F2 F1 7 .
CROSSTALK* F1 F2 F3 F4 F2 Fl1 7 g
DEC VT320* Keypad / AltKp/ Keypad* | Keypad - AltKp/ <Home>
DEC SETHOST NumLock Keypad / Keypad * Keypad - Keypad / <Home>
REFLECTION 2 NumLock Keypad / Keypad * Keypad - Keypad / <Insert>
User

* MS-Windows versions Kp : Keypad

You can enter in the line "User” the keys which apply o your situation. The emulators mentioned for illustation do

not have any paricular preference. There are dozens of ANSI/VT emulators in the market for different hardware

plataforms.
Please address your suggestions and comments to: X.400 eMail Address
ITU Computer Department Telefax:+41 22 730-5337 Country=CH
Place des Nations ADMD=ARCOM
1211 Geneva 20 Telex: 421 000 uit ch PRMD=I[TU
Switzerland Sumame=HELPDESK

spermp .

e
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RN  Read New Mail read any new mail
messages which may be waiting

A Answer create a new message replying to

the current message

S Send send out the current message
which was created or edited

F Forward Forward a message to another
TIES user

TR Training computer based training on the

use of the electronic mail system

M2 Electronic Mail-2 more mail commands on
Electronic Mail-2 menu

there are also commands to sclect a message or folder:
SEL to select a specific message from any folder

1| to select the "Inbox" folder of incoming mail
not yet read

IR o select the "Read" folder of messages which

have already been read

IC o select the "Created” folder of messages which

were created but not yet semt

IO  to select the "Outbox” folder of messages which

have been sent

Displaying and answering incoming messages

If any messages have been sent to you, the information "n
NEW MAIL MESSAGES" will appear next to EM on the
main TIES menu, and at the top of the Electronic Mail
menu. To see the new mail, type "RN” and Return. The
message will be displayed (if there is more than one screen
of 1ext, pressing Retum will cause successive screens to be
displayed). After reading the message it can be answered
by using the command "A", forwarded to another user
with the command "F", filed in another folder, copied
down to your PC (using the "download” or "receive file"
facilities of your terminal emulation program), printed cn
a printer attached to your PC or terminal, and Ffnaily,
deleted from your TIES account by using the "D"
command.

Creating and sending a mail message

To create a new message press "C" and Return. A form
to enter the recipients (TO), copy recipients (CC) ,
SUBJECT of the message, and delivery instructions will
appear. On each TO or CC line an individual recipient
name or the name of a distribution list may be entered.
After entering the first letter or letters of a name, pressing
Retun (or FIND, or PF1 L) will cause the name to be
completed if it is unique, or a list of matching names tc be

displayed if it is not. Use TAB to move to the next area of
the form. After entering recipient names, enter the Subject
of the message.

Pressing Retumn will then activate the editor. Type in the
message, or upload it from your PC. The editor aliows
corrections to be made with the backspace key, or DEL W
to delete words. Blocks of text may be removed or copied
by using the SELECT key to select and then shade the
desired text by moving the cursor. Pressing DEL deletes
the text, copying it to a buffer. The cursor may be re-
positioned and the text inseried elsewhere by pressing
Insert. More detailed information is available in menu
entry 31 of the on-line TIES User Guide, or by requesting
Help (PF1 H) while editing.

When the text of the message is complete, press PFi and F
(or press once CTRL/Z simultaneously then type "exit”
and press Return) to leave the message editor and return to
the mail menu. The message has now been created and
filed. Press "S" and Return to send it.

Additional mail commands

More mail commands are available by pressing "M2" and.
then M3  Use the "Exit Screen” key to retum to the
previous menu page. Of particular interest is the
command MH (Modify message Header) to modify
recipients, subject or delivery instructions of current
message

Information on all the menu pages is in the on-line TIES
User Guide (50 in main menu of ITU Info service, a
tutorial is provided via the Electronic Mait Training
("TR") option,
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TIES User Note 06

Open conference-name - Opens a conference that was previously added to
your Notebook. conference-name must be s name from the
list provided by the Directory/Conferences command. After
opening a conference the sysiem immediaely announces the
number of notes that you have not yet seen under it
Conference-name may be abbreviaed 1o the fewest
unambiguous characters.

43. Navieating in 2 Conference

After opening a conference, there are various commands to select and view
the conference content. Type the conmand at the "Notes>" prompt.
Dir for a list of Lopics in the conference

Dir/Al 1o see the titles of replies as well the topics

Dir nn.* to see the titley of replies 10 topic number na

You can navigate through a confercnee by specifying which notes you
want to read, which discussions you want to skip. You can read s particular
note by typing the note number at the note prompt;

Notex> aabb or Read aa.bb where as stands for the topic nurmber and bb
{preceded by a decimad poim) stands for the bb™ reply
10 S0opic an.
Next - Displays the next reply to the current topic. Back - Displays the
previous reply to the current topic. Last - Displays the last topic in the
conference.  Next Topie - Displays the next topic. Back Toplc - Displays
the previous topic. Next Unseen - To force the sysiem w0 display the next
note that you have not yet seen. Return or Enter keys - If the current note
is more than a screen, Return or Enter will cause the next screen to be
displayed. The next reply is displayed if you are at the end of the current
note and you press either Return or Enter.

CTRIL/Z or EXIT - Used 1o signal the end of an activity. It will exit 2
conference and retum you to your notebook.

44.  Particioation ina Conference

You can actively participue in a conference by replying o conferenioe notes
and by raising new topics for discussions. The commands below will cnable
you to perform these tasks.

Reply - To add a reply to a a discussion. You can be anywhere in the
discussion, and do not have to be reading the topic or the last
reply. Your reply would be added as the last one in the
discussion. The Answer and Reply commands are
synonyms and can be used interchangeably. Fint read the
note you want 1o comment on (e.g. Noter> Read aabh) and
then issuc the command Reply.

Once you have issued the command the systern stans the text
editor EDT (sec TIES User Note §7 or the on-line TIES
Guide) and inserts the content of the note in the editor buifer.
This aliows you (0 re-read the note while commenting. At the
end you must delete it from the buffer and just leave in the
buffer the text you have inserned. Press CTRL/Z to leave the
editor, enter a title for your reply, and answer the final prompt
asking whether your reply is ready to be written.

Write - To start a discussion on 2 new topic. 1f the itern to be added is not
wnalu.o!wnnasmsﬂo bt is on the general subject
of the conference - u_..o_-_nfnﬁ.&! unﬂsin. In

Modergtors, Regandless of where you are in the conference,
the new topic will be added as the Last one. Afler entering the
iext through the cdisor, EDT, press CTRL/Z 10 end editing.
You will be required 1o enter a title for the new lopic, and
answer the final prompt asking whether your reply is ready
and should proceed w write it

Write filenasme or Reply filename sllows you touse the text contaimed in
a previously prepared text file siored in your curment defank
directory. The section below on how w0 edit replies and
topics explains how 10 prepare replies off-line.

441, Editice Replicaand Topics ; Hints

Page oi
There are multiple ways for a TIES user to edit and add replies or topicstoa
conference:

- By going directly to the discussion and preparing the reply
"on-line’" using the EDT editor. This is as described in the
section above. Help in using the editor is pant of the on-line
TIES Users Guide. An EDT Editor TIES User Nots is also
available..

- By "uploading” a previously prepared text file from your
local equipment (e.g. personal computer). Go directly 1o the
discussion and activate the EDT editor a3 if you were
preparing an on-line reply. Then upload the text file from
your local equipment by activating the upload function of
your communications package. You can further edit your
teply using the EDT editor.

On a PC you can use any editor that produces an ASCII
outpuL

- By using the text conuined in & previously prepared file,
which you have stored in your TIES defauk directory through
"Fie Transfer”, “BElectronic Mal" or "Database
Extract":

. Through File Transfer the text file is "sent” from your
local equipment 1o your TIES defauk directory by using
any of the file trander protocols offered by TIES {e3.
Kemnit).

. Through Electronic Mai the text file is extracted from the
body pent or enclosure of a received mail message and
"flled” in your current defauh directory.

. Through Database Extract on the Videotex-like /TU Info
service or on the Computer-based Conferencing service,
which offers mechanisms to extract information.

The TIES Main Menu option UTIL /M "File Maintenance”, allows users
to delete, get the index and type the conterss of files stored in the users
TIES' defauk directory.

5. Other commands ang hints

The following commands will enable you to pefform other specific
functions on notes and nterface the conferencing system.

Directory - To list conference notes. This command has qualifiers (see
Help Directory) enabling to list notes according to the user's
i&g X -“n
Directory/All - To list all replies and topics in the directory.
Directory/Author=username - Liss notes written by the
specified user.
Directory/Unseen - Lists notes that you have not seen.

Save file-nause [Role-range | - Saves notes in the indicated note-range into
the indicated file (e.g Save mynolessxr 1.*8.* will save
topics 1 to 8 and their replies o the current conference in the
file mymostes.txi) on your defauk directory. Save mymosesixt
18 will save the topic entries caly, withowt replies. The
extracts are nommally ASCI text files. The Extract and Save
commands are synonyms and csn be used interchangeably.

The Save or Extract function combined with the File
Transfer Utlity option "FTU" - on the TIES Main menu
enables you to transfer, "download” or "Get” any file from
your TIES defauh directory to the remote PC or Host you are
using for access to TIES. Through Electronic Madl the saved
file can also be "mailed"” as an enclosure or included in the
message't body to any other TIES users or correspondents.

If you access TIES through a PC, you can also "'download"
or "log" the contents of the computer conference notes 10
your local disk through the appropriste functions of your
commumnications package, by selecting and logging specific
parts of the conference while you are reading and "browsing”
through it You can aiso use the Save/Append fumction to
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DIRECTORY
[note-range]

Displays a directory for the currently open
conference or, if none, of your notebook.

JALL . Includes all 1opics and replies 1o the list
JAUTHOR=username- Lists only notes written
by the specified user.
/BEFORE=date-time - Lists only notes entered
before the date-time specified.

KEYWORD= keyword-name - Lists only notes
of replies having the specified keyword.
JOUTPUT=filename - Specifies the outpuat file
for the output of the directory command.
SINCE=date-time - Lists notes entered since the
daze-time specified (dd-mmm-yyyy-hhmm:ss).
JUNSEEN - Lists only notes you have not yet
seen

{21 May 1990
72.  Notationfor Specifving Notes apd Note-Ranges
Notation Specification Example
nornd A single topic 1201120
A single reply o topicn 49
n-m Topics enly from n.0to m0, 1218
inclusive.
sorALL All the topics in the conference *orALL
*or AlL Al replies to the current lopic 2or ALL
. | n*ornALL All replies to topicn 12 or
12ALL
nlrl-n2.2 A range of notes, including all 52.174
replics
. ot { Allwopics and all replies in the bl or
ALLAIL conference ALLALL
73.  Basic Dictionary of Commandsand Qualifiers

DIRECTORY
JCONFERENCES

Displays a directory of conferences you are
allowed w0 access, and indicates which
conferences you are not allowed to access..

Format

Qualifiers'Specification

DIRECTORY

DIRECTORY
/MNOTEBOOK

Displays a listing of the enmmies in your
notebook.

Exits from the current conference or computer-
conferencing system.

EXTRACT output-
fie [note-range]

Creates 1 text file in your default directory
coniaining the specified note or range of notes.
JALL - Specifies that topics and replies in the
desired range are 1o be exmracted.

JAPPEND - Appends the extracted notes to the
output file.
JAUTHOR=username- Extracts only notes
entered by the specified user.
/BEFORE=date-time- Extracts only notes
entered before the specified date-time-
J/INOTHEADER - Specifies whether ornotto
include the note header in the extracted output.
/SEEN - Marks the extracted notes as seen.
[SINCE=date-time- Extract only notes enteredt
since the specified date-time (dd-mmm-
yyyy:hhamm:ss).

JUNSEEN - Extracts only unseen notes.

ADDENTRY Adds a new entry 1o your notebook. Eniry-name

entry-name can be a conference name as given at creation
time ora confevence file specification.
[FILE=flename - To invoke the conference by
specifying the filename.
INAME=entry-name - Can be used 1o specify an
alternate name for the entry.

ADD MARKER Adds a marker 1o the curtent o specified note in

marker-name [note- | the current entry.

D}

ANSWER Enters a reply 1o the curvent topic or reply.

[filename) /INOJEDIT - Specifies whether or not to invoke
the editor.
fAINOJEXTRACT - Specifies whether ornot to
inchude the currenit note into the editor buffer.
ALAST - To re-use the most recent editor buffer
contents, for further editing.

BACK Displays the previous reply in the currem
discussion.

BACK NOTE Displays the note previous to the one you are

curtently reading.

BACK REPLY Displays the previous reply for the current topic.

BACK TOPIC Displays the topic previous to the one you are
currently reading.

CLOSE Qloses the currently open conference.

DELETEENTRY | Deletes an entry from your notebook.

entry-name

DELETE Deletes a marker from the current entry.

MARKER marker-
name

FORWARD

Forwards a copy of the note you are currently
reading using the electronic mail utility.
/INOIEDIT - Specifics whether ot not the system
puts you on the editor to include & message.
ANOJHEADER - Specifies whether ornot to
inchude the note heades at the 1op of the mail

message.

JLAST - To retrieve the text of the Last mail
message sent.

MEMBERS - Forwards the note to all the
conference members.

DELETE NOTE

{note-ID]

Deletes a reply from the conference. You must
be its anthos.

HELP fcormmand]

Displays the list of conanands for which on-line
help is available, or displays on-line heip for 2
particular command.

Displays the last topic in the conference.

Displays the last reply to the current or specified
topic.

MARK  marker-
name [note-ID]

Marks the current or specified note in the current
entry.

MODIFY ENTRY
e

Modifies mformation for a notebook entry.

[FILE=new-filename - Changes the note file
Bcas

NAME=new-entry-name - Changes the cnbry

name from the old name w the new one

specified.

Displays the next reply.
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Each closed user group has one shared file cabinet which is managed
by a designated user (e.g., 4 Chairman/Rapporteur, 8 CCT Counsellor,
etc.). The shared file cabinet belongs 0 a special TIES group account.
For example, if Mr. Dupont is the Chairman of Joint Interim Working
Party 22, he has his personal account like other TIES users and, in
addition, he receives an additional TIES username and password to
manage the [JTWP22] shared foiders. In this example, Mr. Dupoot
could also share the responsibility with a CCI Counsellor (both would
know the username and password of the special TIES account having
the shared folders of the [JTWP22] group).

All usess belonging to a group have read only access to the documents
stored in the shared folders which are created by the responsible user.

A TIES user can be a member of different user groups. User groups
are created upon request and are maintained by the TIES
administration staff, based on information provided by the responsibie
officers.

8. Selecting a Shared Folder

Select EM (electronic mail) in the main TIES menu. The furst option in
the e-mail menu is SELect. You can activate this option by typing SEL
u:avgwmamzaﬂgnsomﬂsi?fc*ﬂi
the Reflection emulation). In both cases you will be preseated with a
form similar to:

Select Message
Folder:
Tite:
Number:
Enter information and press RETURN

The cursor is positioned in the folder ficld. If you press GOLD L (or
FIND) you get a list of your private folders (the folders in your default
file cabinet). You can then select a folder and a document following
the procedure explained in what follows.

In order to select & shared folder you do the same with one exception:
Eugﬁﬂﬁnﬁggéﬁgohﬁihﬁ
cabinet berween square brackets.

The foliowing serics of steps illustrate the acress to [TIES) shared
folders:

a) dvn%_pﬂnﬂu%?suiwmﬁwﬂﬂswgv

b) The Selest Message form is displayed. If necessary, crase the
contents of the Folder fickd using the ERASE LINE key (c.g
ALT-E in Reflection) or using the BACKSPACE key, [Enter
[TIES] in the Folder ficki and press GOLD L (or FIND key)-
Note: GOLD is the PF1 key (you should know the location of the
GOLD or PF1 key before using TIES).

¢) A list of TTES shared folders is displayed. You may have to press
RETURN if the listing takes more than onc page. A line number
precedes the name of each folder. Enter the tine number of the
desired folder and press RETURN. The name of the sclected
folder is displayed in the Folder fiekl, after the name of the shared
file cabinet ([TIES] in this exampic). The cursor is positioned in
the Title field.

d) Press GOLD L (or FIND key) to get s list of documents in the
selected shared folder. Enter the line number of the desired
document and press RETURN. The name of the seiccted
document is displayed in the Tidle field.

&iﬂﬂdwz-azﬁguﬁawa&nagn&o
information on the sclected document is displayed in the standard
block in the top right of the screen

B Youcan move through the list of documents in a folder by pressing
the up and down cursor keys.

At any step one can back up by pressing the EXTT key.

ES&BEEEEE&FE«M!G—.?EE?EE
service provided by TIES (see TIES User Note 14). By entering
(JTWPZIBB in the Folder field and pressing GOLD L the list of ail
Bullctin Board foiders in the JIWP22 user group is displayed, if the
group decides to use such & facility. You can then select, for example,
BB-NEWS to have the new items in your user group.

8. Locating, Viewing, Downloading and Uploading Doczments

Once you have selected & shared folder, the facilities for locating,
g%ﬂnﬁ«%ﬂﬁnﬁﬂﬂnl?a%a_ﬁa
These facilities are presented in TIES User Note 16 Retieving and
Downloading Documents. Tt should be kept in mind that group members
Aave read access 10 the documents. Orily the authorized officas can creaze
shared folders, post and delete documents in the shared folders. These
functions are explained in TIES User Note 17 Uploading Documents.
9. Forming User Groops

Aftey having a clear idea of the possibilities of electronic mail (including
jts distribution list capabilities) to coordinate the work of a group in a
confidential manner and the possibilitics of open read-only shared
n%amﬂﬁmo&anaw&ﬁagmszﬁgd_n?gnﬂ
-%E%&ﬁ%nﬁrw.n&&ﬂrﬁna!ocﬁgsﬁa
for cosed shared folders. If this is the case, the necessary information
should be provided to the TIES administration staff at the [TU so that
the group can be created, Updating information (e.g. new members)
shoukd also be relayed as soon as possible.

10. Joining Closed User Groups

?%K?ﬂgiggﬁonﬁnﬁg?@
Chairman/Rapporteur or CCI Counselior) should be contacted to give
the approval and submit the information to the TIES administration
staff at the ITU.
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advanced docurnent architectures and is supported by applications (e.8.
DECwrite).

27 SGML

The Standard Generalized Markup Language, an ouigrowth of [BMs
mainframe-based baich-criented Generalized Markup Language, is an
intemational stzndard developed by ANSE and ISO (8879). SGML uses
descriptive markup for enhanced document porubility.  The SGML
representation of ODA documents, specified in 130 8613, was not included
in the CCITT T.410 series of recommendations.

28 Microsoft RTF

The Rich Text Format (RTF) is a standard form of encoding for text and
graphics interchange that can be used with different microcomputers,
operating systems and output devices.

Today RTF documents con be included in TIES XA00 messages or
uploaded - at interactive TIES eMail messages - from PC filles using
ANSIVT terminal emulators .

42 Formats supported

The following formats, lisied in order of preference, are the ones supporned
by the [TU (high preference for first two and very low preference for the
rest):

MS Word for Windows (Version 1.0)

Rich Text Format (e from MS DOS-WINDOWS-OS.2-
Macintosh Word or Works programs)

MS Word (through Version 3.0)

Windows Write (through Version 3)

RTF can represent most if not all objects condained in ITU documents (e.g
mulilingual texi, foomotes, headers, footers, symbol sets, tables,
mathematical formulas, geometric and raster graphics, font information,
layout, sructre elements). A siandard RTF file consists of only 7-bit
ASCII characters for ease of transport,

Microsoft Works (through Version 2.0)

Samna (through Version 2.0)

DCA-RFT

WordPerfea (Versions 4.1,4.2,5.0)

29 Widely used word processor formats

The main stream word processors (WordPerfect, MS Word, ec) use
proprictary formats. The related documents are binary files defined for
efficient processing and not for ease of transport. Non-graphics oriented
word processors (e.g. WardPerfect up to version 5) do not directly suppon
all objects included in ITU documents.

3 ITU FORMAT CONVERSION CAPABILITIES

The TTU is using Microsoft Word for Windows for document format
conversion, Wond for Windows can read direcaly documents prepared with
practically all commenly used word processing packages. Since
conversions are typically done by operstors who have no experience with
word processors not used in the ITU, there is no recourse for a conversion
faijure. Even morc subile are conversion problems where a feature in one
word processor (e.g. special characters, columns, foomotes) are not
supported in another. Conversion progmms quite often will ignore
unsupported feanares in the destination file format (omitting pants of the
documnent!). Care should be exercised when doing electronic translation
and & printed copy of the original file should also be made svailable.

As it i unrealistic to install all packages in the ITU and train operators in all
of themn, it is essential to focus on formats which support all the complexity
%:daﬁié&iizn>s§8w§3n§g§~§.

4. RECOMMENDATIONS

4.1 Use Rich Text Format (RTF)

Considering that RTF supports today almest all the complexities of TTU
documents, is available for the [BM PC and Macintosh (40,000,000 and
3,000,000 installed by the end of 1989, respectively), is easy to transport -
gaﬂgﬁnsua&%gﬂu&&rggl?q
flexible document processing

WordStar (Versions 3.3,3.4,4.0,5.0,5.5)

Text (PC-8) (IBM PC character st}

Text (ASCID

11is essendal fo focus on formats which support all the complaxity of ITU
documaents and which are easy o transport by communication lnks,

_Sngi!%ngs&uwtggﬂigg |—

Word (MS/DOS, MS Windows, 05/2 or MAC versions as well a3 versions
for some flavors of UNIX) could be used by those submitting lexts 10 the
TTU as & conversion program if their preferred word processor does not
support conversion to and from RTF. For those using Word for Windows,
Enavgusarninrwr%%tsnﬁni&:d
document types (¢.g. CCTTT Recommendations). This will greatly facilitate
the preparation of ITU documents.

As electronic mail is the preferred docwment transfer mechanism,
combining the addressing, distribution and content identification functions,
iLis essential for TIES eMail to suppon the transfer of RTF documents. The
Kermit file transfer protocol, alse supponed by TIES, is not necessary for
the transfer of RTF documents (7-bits only).

5. FUTURE CAPABILITIES

Use of the CCTTT ODIF (Open Document Interchange Format) is a priority
as soon as it includes support for the objects (e.g. tables and formulas) used
in ITU documents. Word for Windows filters are being developed for the

current ODIF capabilities. Expected availability is the first semester of
1991.

Word for Windows filler for Digital CDA (Compound Document
Aschitecture) is also expected for the first semester of 1991.

Microsoft has alto announced, in the press, work on DTD (Document Type
Definition} driven Word for Windows filters for SGML uoﬂunn.j.
Availability is expected for 1991.

Note: The ITU-wide Advisory Group on Informasion Exchange Policies
and Practices has se1 up a Working Group on Document Exchange to
sudy the problem and recommend the related policies and practices.
Revised versions of this note will reflect updated policies and practices
adopted. This type of information is also available in the TIES ITU Info
service.
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press RETURN. The name of the selected document is displayed
in the Title field.

¢} Press RETURN to make the selected document current: the
information on the sclected document is displayed in the standard
biock in the 1op right of the screen. If the document is an ASCH
file, enter r to read its contents. If the document is "binary” (¢.g, a
WordPerfect document) it can be downloaded to your PC for Jocal
processing.

At any of the above steps one can cscape by pressing the EXTT key.

A well organized sct of Bulietin Board folders and a well planned
item/document naming strategy minimize the need for additional
scarch criteria. If, however, one needs additional search criteria, the
Index command can be used {see TIES User Note 16, section 3).



t/zdnod) e es 002 2T v+ gL NSIAIEH=S NiLi=ONid VST OELZT v+ TRROTNLIINT) PUR TS vorr)
HO LN 600 RZr ol WOCHVY=-QWAY K= L3378 E— T o Wm0 17T RN GITXO0R ] (PRI
AATANID VNHELNTENE  mmdlaa) WOV MY moqdap] RN 20 WY wamrwdaq sandmony

WOSY - sejoN sesn[s311 ] pup 41y - sejon sesnfsuL]
$2p1of padrys ay 1t Suspporumop 10 Sumasd wopoyrsucs wof aqoEDN A 0N D57 SHLL Jo womssn sy ayy

“p0UL SRR U0 LOROLLOiA TDUOTIPPD J0f ST PV £} STON BS[] SHLL X8 ISP NRADS
LIXT. 0f snznbas 7p 51 3 @I0D dums 04 s wonRs ST 20N 287} STLL 595) mfrsn kon am &y 100 7
Y Suneons suogmaquio) I ot Yoo punN g o1 sdu NOLLDT LITY POy I Mg fo kay [ 4 p 01 1 4 dow
QoS XTVISSOND Pv0 LINYTY-SW 9xdumo w00 Tuppodus fropadss s Koy HO0D #p 50 umowy Koy § 4 ]
Papoqzy mo uo pumof am sy vopounf praus adG1.4 g fo s aym mowy of paou nof STIL Rusn aopg

I ‘sadeyped wonemuy 1A LIARIEN
0661 KB TZ Tt PUE UODOIY SSAIPPY (0p'X BASTIID) MOX Y ‘ON
SIIRISMIN STALL
0661 BN 12 90  BupuaIaJuo)) poseq-1)ndmoy)
0661 1d2S $7 1 pIeog Una[ng paseq [Tejy AMuonodf 2|duis
Supuaseguo)) anduio)) / pivog unanng
0661 192 37 I3 sjusumoq Furpeoidn
0661 1498 $Z 91 SIu3wmO0(] SUIpRO[UMOQ pUE FunaLnay
0661 1428 $Z 60 sdnoig 1as() Srap|og pareys Sssodmg
uoneredaid m 80 WIS A S3J5URI ] 3]/ 103WMI0 ]
0661 2unf €1 UONOS[IY P4 I3JSTes I, LY /JES Wm0
0661 KB 12 o1 SIeILIO ] AFULYIIIIU] JTIWMIO(]
aluepxg Jueumdog
uoneredaid m S0 [TeJA STUOIPDIF O0P'X
0661 ABIN TZ #0 Tl STOIP3[F JANSRIAU]
e d[uonsayg |
0661 BN TT £0 SOWI3S Ofu] (11
NAIG DA-X)03IPIA
0661 Sunf 1 L0 101p3 Lad
0661 2un[ TT ST S0ELA] 135} T-NI-TTV STLL
0661 ke 12 0 Papaumo)) Funlen)
0661 A8y 1Z 4 UOWENUIp] 135 SHIJ, 0] 352nbay]
0661 ABIN 1Z 10 SHLL S Jeq,
(213090
aeq SN »fgng
SIION J13s() SHLL Jo Isr]

[10 3824 00 910N 4357} STLL 0661 22quaidas 7]




Telecom Information m

[21 May 1990 _ TIES User Note 12 Page 01]

Request for TIES User Identification

The Intemnational Telecommunication Union (ITU) is offering participants in ITU activities the opportunity to
register for the use of TIES on a trial basis. As these services are still under development, the technical
characteristics may be modified. User comments on all aspects of TIES are welcoms.

Connection to TIES requires a terminal or personal computer with terminal emulation software, a modem and
access to the intlemational Pubiic Switched Telephone Network (PSTN) or to the intemational Packet Switched
Public Data Network (PSPDN - X.25). See TIES User Note 02, Getting Connected, for more information.

Please supply the information requested below to the Computer Department (see address at the bottom of the
form; new direct FAX number is +41 22 730 5337).

User Information
Name
Title
Organisation
Department./Service
Address:
street -
city postal code
country

Telephone . Telefax Telex
Email address .

ITU Activities (Study Groups, Working Parties, AC, etc.)

Technical Information

The following gptional information would be helpful

Means of connection:

[ lin-house X.25 [ ] Dialoutto X.25 Packet network name:
[ ] direct diat modem type and speed:
Communication software:
Terminal or PC type:

Date . Signature

The ITU Global Directory is available on-line via TIES at a cost of 72 francs per year.
Please check here as well if you wish to receive a copy of the Subscription Agreement [}

Camputee Depsren Place 4 Netioos Telophons: XADO Addmar: Teegrarx  BURINTERNA GENEVE
Insomational Telecomumamication 1211 Gateva 20 Nuical  JERN703I354 CaCH ADNMD=ARCOM Telex: 421 COOUTT CH
Union Switadand xeationsl  + 27305554 PRMD={TU S=HELPDESK Telaax: 41 273033 37 (grovp 23)



International Atomic Energy Agency
United Nations Educational, Scientific and Cultural Organization

International Centre for Theoretical Physics
34100 Trieste (Italy) . P.O.B. 586 . Miramare . Strada Costiera 11

Second College on Theoretical & Experimental Radiopropagation Physics,
7 January - 1 February, 1991

RADIO FREQUENCY SPECTRUM MANAGEMENT
Part 8

CCIR. AND DEVELOPING COUNTRIES

R.G. Struzak
Internstionsl Talecommunication Unioa, I jonal Radio Consultative C
Genevs, Switsariand

8CCIR.DOC - Strusak - 3873 - 19/12/90 16:13 - page 1/18

The purpose of these notes is to provide an overview of the CCIR
work related to the radio frequency spectrum. [Source: CCIR RES61-
4]

I. The CCIR

The International Radic Consultative Committee, CCIR, is one of the two
consultative committees of the International Telecommunication Union, TTU. The
International Telegraph and Telephone Consultative Committee (CCITT) is the other.
Both of these committees are permanent organs of the ITU, which is one of specialized
Agencies of the United Nations.

The CCIR has been crested to study technical and operating questions relating
specifically to radio communications without limit of frequency range, and to issue
Recommendations on them. The work of the CCIR provides the basisfor decisions that
lead to efficient use of the spectrum for telecommunication applications, The reports
and recommendations of the CCIR aré used by radio conferences to establish technical
criteria that area the basis for spectrum, allocation decisions and spectrum use on a
global and regional basis, Tharsfors, it is important to ali countries that CCIR
documents reflect their positions, and that positions of other countries published within
the CCIR are known to them on time,

CCIR recommendations include technical bases for inter-service sharing and
management radio-frequency spectrum and geostationsry-satellite orbit resources,
standards of radio systems on world-wide basis and tochnicat information for the
development, planning and operation of radio systems.

All of the member countries of the FTU as well ag certain Private Operating
Agencies, Scientific and Industrisl Organizations and International Organizations can
participate under conditions defined in the ITU Convention. The governing body of the
CCIR is the Plenary Assembly which meets every four yeass, at the end of a Study
Period to consider reports of the Study Groups set up by the previous Plenary Assembly,

2. The CCIR and developing countries

The work of the CCIR is global in nature snd is directed 10 answer the needs of
all members of the ITU. Trends in radiocommunication system development are
publicized by the CCIR. The documents and publications of the CCIR provide an
invaluabte source of current practical information for radiocommunication engineers, in
all countries, but especially in developing ones. That information enables efficient and
effective planning and operation of radio communication systems. The
Recommendations and Reports of the CCIR are widely used in the preparations of
specifications of radiocommunication systems and equipment. They serve ns the

SCCIR.DOC - Strusak - 4401 - 19/13/00 10:37 - page 3/18



technical reference in the examination of development plans and in selection of
equipment to be installed or produced.

There is considerable techaical expertise available in the Study Groups and in the
Secretariat of the CCIR. The CCIR has given special emphasis to channeling this
expertise to the benefit of the developing countries, within the limits of resources
available to the ITU and 1o the sponsoring sdministrations and organizations. A aumber
of CCIR experts from administrations have participated in technical cooperation projects
funded by their administrations or by resources provided through the ITU Technical
Cooperation Department. It should be noted that technical cooperation-related work
carried out by the CCIR Secretariat is done within normal staff resources provided for
the basic CCIR work.

The XVith CCIR Plenary Assembly (Dosseldorf, 1990) reconfirmed the im-
portance of the interests of the developing countries in the work of the CCIR by
adopting or revising s number of relevant Resolutions and Opinions:

Resolution 33-6 on technicsl cooperation,

Resolution 39-3 on participation of CCIR staff in tochaical cooperation work,

Resolution 79-3 on radic propagation studies in tropical regions,

Resolution §1-2 on handbooks and special publications,

Resolution 95-1 on participation by the developing countries in the CCIR work

Resolution 101 on cooperation between the CCIR and the Telecommunications

Development Bureau (BDT) in radic propagation measurement campaigns in the

developing couniries,

Resolution 108 on information mootings,

Opiaion 63-1 on the dissemination of CCIR texts, and

Opinion 77-2 on CCIR involvemant in the work of the Special Autonomous

Groups (GAS).

Most of the handbooks and special publications of the CCIR are intended to be of
special benefit (o the developing countries, These include:

The CCIR Handbook for Monitoring Stations

‘The CCIR Handbook on Spectrum Management and Computer-Aided Techniques

SCOIR.DOC - Strusak - 4461 - 19/13/90 10:37 - pags 3/18

The CCIR Handbook on Satellite Communications (Fixed-Satellite Service)
The CCIR Special Publication: Broadcasting Satellite Systems
The CCIR Special Publication: Antenaa Diagrams

The CCIR Special Publication: Sound Tape Recording, Television Tape Recording
and Film Techniques for the International Exchange of Programmes

The CCIR Special PublicationSpecifications of Transmission Systems for the
Broadcasting-Satellite Service

Specialists from CCIR Study Groups have participated actively in preparing GAS
manuals which are specifically directed to the needs of the developing couniries:

GAS 3 -Economic and technical aspects of the choice.of transmission systems
GAS 7 - Rural telecommunications

GAS 9 -Economic and tochaical aspects of transition from an analogue 1o 8 digital
telecommunication network.

Microcomputer Programs

Special emphasis has been given to Decides 3.4.5 of CCIR Resolution 33-5 urging
the CCIR to deveiop programs for inexpensive microcomputers which may be available
in the developing countries. A comprehensive set of microcomputer programmes has
been prepared by the CCIR Secretarial covering the calculation of broadcasting antennas
from the L.F. band up to the U.H.F. band, thus offering the broadcast engineer new
tools for the planning and designing activity in a more practical form of techaical
information presentation. Seminars and workshops have been organized in several
developing countries sessions conducted by the authors wha developed the programs. A
wide selection of software is available from administrationy under CCIR Resolution 88.
The software i3 described in the CCIR Handbook on Spectrum Management aad
Computer-aided Techniques, in Telecommunication Journal, and in CCIR Administrative
Circular AC 290 including Addenda | to 5. The full list is available from the CCIR
Secretariat,

Propagation measurements

Considerable activity has taken place in response to CCIR Resolution 79-1 on
radio propagation studies in tropical regions. For instance, CCIR Study Group 6 has
prepared a campaiga of HF field strength measurements in grder 1o provide s substantial
body of new data with which to study improved prediction methods. The background to
the campaign, with details concerning its technical specification and implementation, is
contained in a series of CCIR Administrative Circulars despatched to members of CCIR

BCCIR.DOC - Serusak - 4409 - 10/13/90 J0:37 - page 4/18
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and other organizations participating in its work between August 1938 and December
1989. (A.Cs 293, 299 and 302. Copies available on request) The circulars invited
participation in the campaign, and at the same time, stressed the importance of having
an adequate number of transmitters and receivers deployed world-wide. Unfortunately,
response from administrations and broadcasters participating in the work of the CCIR
has not been sdequate as regards the number of transmitters offered for a short-term,
intensive campaign. Nevertheless, following further review, Study Group 6 continves to
encoursge administrations and organizations to consider participation in a world-wide
campaign to be conducted over a prolonged time period, with as many transmitters and
receivers as can be made available.

As a result of » kind offer of transmitting Cacilities from the Administration of
Australia, the CCIR it pleased to announce that dedicated transmissions for the campaign
have recently commenced from Melbourne, details of which are as follows:

Identification signal (Morse code): AUSIMLB

Trantmitter power: 1 kW
Antenna: omuoi-directional spiral
Hours of transmission: currently 24 hours per day (this cannot be

guaranteed indefinitely)

Frequencies and times of transmission:

F1B centre frequencies Time of transmission
5470.845 kHz 00 20 40 minutes past hour
7870.845 kHa 04 24 44 minutes past hour
10407.845 kHzx 08 28 4% minutes past hour
14407.845 kHz 12 32 52 minutes past hour
20945.845 kHz 16 36 56 minutey past hour

Signal duration and format as specified in Report 1149 (formerly Report AA/6); 4
minutes for each frequency, 20 minutes for all five frequencies, according to the
schedule above,

Whilst recognizing that reception of the transmissions may not be feasible in all
regions of the world, administrations and organizations are never- theless strongly
invited to monitor the relevant frequencies and, if possible, 10 commence long-term
measurements according to the specifications contained in Report 1149 (formerly Report
AAJG),

All results from such monitoring and measurements would be gratefully received at

the CCIR Secretariat which, in turn, is ready to supply any further details on the
measurement campaign.
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A review of CCIR propagation studies at higher frequencies has been published
elsewhere (Hughes K., CCIR Propagation Studies for Africa, Telecommunication
Journal, 1/1988, Vol. 55, 1, pp. 50-66).

3. XVIIith Plenary Assembly

The XVIith Plenary Assembly of the CCIR was heid In Dbsseldorf (Federal
Republic of Germany) in May-June 1990 with the participation of 520 delegates
representing some 75 sdministrations, 32 recognized private operating agencies, 15
internationat organizations and two United Nations specialized agencies. The resolts of
the work of alt Study Groups were examined. A number of Recommendations have been
adopted. New working methods and structure were adopted, together with the
programme of work for the Study Period 1990-1994.

Worki 8ods and -

Under new working methods, the studies are conducted by individual participants
on a voluntary basis, at their own expenses, in accordance with the commonly agreed
programme and specific Questions. CCIR Study Groups perform sn coordination
function, including the planning, scheduling, supervision, delegation and approval of the.
work and other related matters within the defined scope. Continuing Working Parties
and Task Groups can be set up to carry out the on-going technical studies. The
organization of CCIR work is given in Resclution 24-7. A general outline of the
organization is presented in Annex I. The new structure of Study Groups is presented
in Annex 2,

Working Parties study the Questions assigned and prepare dmft Recommendations
and other texts for consideration by the Study Growp. When s Question is categorized as
“urgent” and cannot be reasonably carried out by a Working Party, it may be assigned to
a Task Group for the development of s new Recommendation or conference report
within three years or less. The establishment of Tusk Groups is the subject of a
Decision of the Study Group. After completion of its specific assignment, the Task
group will be dissolved. Working Parties and Task Groups operate continuously during
the Study Period. Considerable work can be accomplished by correspondence, and all
activities are being encouraged to take sdvantage of the electronic conferencing lacilities
provided by the ITU Telecommunications Information Exchange System (TIES),

Becommendations soproval

A new procedure for spproval of Recommendations between Plenary Assembly by
correspondence has been adopted to better respond to the requirements of the scientific,
technical and user communities. Now each Study Group has the autharity to approve
draft Recommendations using this procedure. The intention to use this procedure is to
be communicated to all participants at least three months before the meeting of the
Study Group. The decision by the participants to apply this procedure must be
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unanimous. After that the text of the draft Recommendation should be circulated
among sll Members of the CCIR. Other participants in the work of the CCIR are also
informed of the coasultation. If 70% or more of the replies from the Members indicate
approval, the Recommendation is adopted. The Secretary-General of the ITU shall
publish the sdopted Recommendation indicating » date of entry into effect. If not, it is
referred back to the Study Group for further study.

Meeting schedules for Working Partics and Task Groups were tentatively
estsblished for the new Study Period (1990-1994). The charscter of Study Group
meetings is completely changed. Study Group meetings will deal mainly with work
progrunmes (including proposals for Questions), scheduling of activities and formal
approval of draft Recommendations and other texts prepared by Working Parties and
Task Groups (but without substantive technical discussipn during the Study Group
meeting). Application of the accelerated approval procedure to draft Recommendations
will also be decided by Study Group meetings.

THE CCIR §TUDY GROUPS, 190¢ ~ 1004 Study Period

STUDY GROUP 1: SPECTRUM MANAGEMENT TECHNIQUES

STUDY GROUP 4: FIXED-SATELLITE SERVICE

STUDY GROUP §: RADIO WAVE PROPAQATION IN NON-IONIZED MEDIA
STUDY GROUP &: RADIO WAVE PROPAGATION IN JONIZED MEDIA

STUDY GROUP 7: BCIENCE SERVICES

STUDY GROUP §: MOBILE, RADIODETERMINATION AND AMATEUR SERVICES
STUDY GROUP #: FIXED SERVICE

STUDY GROUP 10: BROADCASTING SERVICES - SOUND

STUDY GROUP 11: BROADCASTING SERVICES - TELEVISION

STUDY GROUP 12: INTER-SRRVICE SHARING AND COMPATIBILITY

CCV: COORDINATION COMMITTEER FOR YOCABULARY

CMTT: CGIR/OCITT JOINT STUDY GROUP FOR TELEVISION AND SOUND TRANSMISSION
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STUDY GROUP |
SPECTRUM MANAGEMENT TECHNIQUES
SPECTRUM ENGINEERING, PLANNING, SHARING, MONITORING AND UTILIZATION

Scope:

Development of principles and techniques for effective spectrum management,
methods for solving spectrum sharing problems, techniques for spectrum monitoring and
general specirum utilization applications.

Chairman:  M.L Hunt (Canada)
VYice-Chairmen: R.N. Agarwal (India)
T. Boe (Norway)

R. Mayher (United States)
K.1.B. Yao {Cote d'Ivoire)

STUDY GROUP 4
FIXED-SATELLITE SERVICE

Scope:
Systems and netwarks for the fixed-satellite service and inter-satellite links in the
fixed-satellite service. Included are associated tracking, telemetry and telecommand
functions.

Chairman: E. Hauck (Switzerland)
Yice-Chairmen: J.M.P. Fortes (Brazil)
T. Muratani (Japan)
P. Remedi {Iadonesia)

STUDY GROUP 3
RADIO WAVE PROPAGATION IN NON-JONIZED MEDIA

Scope:

Propagation of radic waves and related noise phenomena in non-ionized media at
and above the surface of the Earth for the purpose of improving radiocommunication
systems.

Chairman: A. Kalinin {(USSR)

Yice-Chairmen: F, Fedi (ltaly)
Y. Hosoya (Japan)
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STUDY GROUP 6
RADIO WAVE PROPAGATION IN IONIZED MEDIA

Scope:

Propagation of radio waves in jonized media at and above the surface of the Earth
and the characteristics of radio noise for the purpose of improving radiocommunication
systems.

Chairman: L.W. Barclay {United Kingdom)
Vice-Chairmen; G. Pillet {(France)

D. Cole (Australia)

A. Giraldez (Argentina)

M. Zamanian (Iran (Islamic Rep.))

STUDY GROUP 7
SCIENCE SERVICES

Scope:
1. Systems for space operation, space research, earth exploration and meteorology,
including the related use of links in the inter-satellite services:

2. Radioastronomy and radar astronomy. .
3. Dissemination, reception and coordination of standard-frequency and time-signat
services, including the application of satellite techniques, on a world-wide basis.

Chairman: H.G. Kimball (USA)
Vice-Chairmen: J. Saint-Etienne (France)
S. Leschiutta (laly)
J. Whiteoak (Australia)

STUDY GROUP 8
MOBILE, RADIODETERMINATION AND AMATEUR SERVICES

Scope:
Technical and operating aspects of systems for the mobile, radiodetermination and
amateur services, including retated satellite services.

Chairman: E. George (Germany (Fed. Rep. of))
Yice-Chairmen: Y. Hirata (Japan)

Q. Villanyi (Hungary)

R.C. McIntyre (United States)

A. Dharab (Saudi Arabia)
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STUDY GROUP 9
FIXED SERVICE

Scope:
Systems and networks of the fixed service operating via terrestrial stations.

Chairman: M. Murotani (Japan}
Vice-Chairmen: R. Coles (Canadz)
O.M. Langer (Germany (Fed. Rep. of))
Y. Minkin (USSR)
G. Hurt (United States)
R. Moumtaz {Lebanon)

STUDY GROUP 10
BROADCASTING SERVICES - SOUND

Scope;

International exchange of programmes and the technical and operating aspects of
the broadcasting and broadcasting-satellite services, including audic frequency and
recording equipment, ss well as the oversll performance of the means of delivering
signals to the general public, where they are used for sound, data and ancillary services
accompanying sound.

Chairman: C. Terzani (Italy)

Vice-Chairmen: H. Kussmann (Germany (Fed. Rep. of))
A, Keller (France)
K.P. Ramaswamy {India)
M. Yunus Khan (Pakistan)

STUDY GROUP 1t
BROADCASTING SERVICES - TELEVISION

Scope:

International exchange of programmes and the technical and operating aspects of
the broadcasting and broadcasting-satellite services, including video frequency and
recording equipment, as well as the overall performance of the means of delivering
signals to the general public, when they are used for television, data and associated
ancillary services.

Chairman: M. Krivosheev (USSR)
Vice-Chairmen: S. Aguerrevere (Venezuela)
0. Mikitslo (Sweden)
Wu Xianlun (China)
R. Zeitoun (Canada)
T. Nishizawa (Yapan)
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STUDY GROUP 12
INTER-SERVICE SHARING AND COMPATIBILITY

Scope:

Development of Recommendations in answer to & limited number of urgent
Questions on inter-service sharing sad comparibility requiring special atien- tion, as
referred by the Plenary Assembly, or if the Question arises during the interval between
Plenasry Assemblies, by the Director after coasultation with interested Chairmen and
administrations, to work in association with Study Group 1.

Chairman: J. Karjalainen (Finland)
Yice-Chairmen: A. Pavliouk (USSR)
H. Weiss (United Siates)
Kang Songshi (China)

CCv
COORDINATION COMMITTEE FOR YOCABULARY

Scope:

Coordination within the CCIR, and linison with the CCITT, the ITU General
Secrewariat and other interested organizations (mainly the IEC) concerniag:

-vocabulary, including abbreviations and initials;
-related subjects (quantitios and uaits, graphical and Jetter symbols),

Chairman: M. Thué (France)
Yice-Chairmen: J. Fairbrother (United Kingdom)
—— V. Miralies Mors (Spaia)

CMTT
CCIR/CCITT JOINT STUDY GROUP FOR TELEVISION AND SOUND
. TRANSMISSION

Scope:

Study, in cooperation with the Study Groups of the CCIR and CCITT, the
specifications to be satisfied by telocommunication systems 13 permit the transmission of
sound and television broadcasting programmes.

Chairman: W.G. Simpson {United Kingdom)
Yice-Chairman: G. Zedier (Germany (Fed. Rep. of))
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WORLD PLAN COMMITTEE (WORLD PLAN)

General Plan for the development of the Intermational Telecommunication Network
{Joint CCITT/CCIR Committee administered by the CCITT)

Chairman; C.R. CRUMP {USA)
Chairman Designate: L. TEROL MILLER (E)
Vice Chairmen: SAGOE KOW (CTI)

P. GONIN (F)

Y. KAWASUMI ()

PLAN COMMITTEE FOR APRICA (PLAN AF)

General Plan for the development of the Reglonal Telecommunication Network In
Aflrics
{Joint CCITT/CCIR Committee gdministered by the CCITT)

Chairman: E. KAMDEM-KAMGA (CME)
Vice-Chairmen: M.M KEITA (MLD)
1.C. KOUNKOU (CAF)
R.M.J. SHINGIRAH (KEN) |
CHEIK T. MBAYE (SEN) |
AS. DLAMINI (SW2) |

PLAN COMMITTEE FOR LATIN AMERICA (PLAN AL)

General Plan for the development of the Reglonal Telecommunication Network fn Latin

America
(Joint CCITT/CCIR Committee administered by the CCITT)
Chairman: A.F. GARCIA (ARG)
Yice-Chairmen: R. PEDROSA PEREZ (CUR)

J.S. POLLONI (CHL)
F. CASTRO ROJAS (CLM)
1. RICO (VEN)
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PLAN COMMITTER POR ASIA AND OCEANIA (PLAN AS)

General Plan for the development of the Reglonal Telecommunication Network In Asia

aad Oceanta
{(Joint CCITT/CCIR Committee administered by the CCITT)

Chairman: IL. PARAPAK (INS)

Yice-Chairmen; H. MAHYAR (IRN)
A.A. AL-FEHAID (ARS)
HAN SONGLING (CHN)

PLAN COMMITTRE POR EUROPE AND THE MEDITRRRANEAN BASIN {PLAN EU)

Geaeral Plan for the development of the Reglonal Telecommunlcation Network In
Euvope and the Mediterranean Basie
(Joint CCITT/CCIR Committes administered by the CCITT)

Chairman: L. TEROL MILLER (E)
Vice-Chairmen: M. POPOVIC (YUG)
A. OLKKONEN (FNL)
A, FRANCHI (1)
A. AIDOUNI (MRC)
E. EID (LBN}

SPECIAL AUTONOMOUS GROUP GAS 7

RURAL TELECOMMUNICATIONS
Chairman: G. RUDILOSSO (1)}
Yice-Chairmen: J. DOMINGUEZ SANZ (E)
0. KURITA (J)

A. NUGROHO (INS)

S. SHADKAM (IRN)

E.J. ANTARI (MRC)

L. LOPEZ CELAYA (MEX)

M. GOUDELIS (GRC)

B. LENTCHOU KOUAYEB (CME)
D. DIAKITE (ML)

M. MORRIS (CAN)
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SPECIAL AUTONOMOUS GROUPGAS 9

ECONOMIC AND TECHNICAL ASPECTS OF TRANSITION FROM AN ANALOGUE TO A DIGITAL

NETWORK
Chairman: M. GHAZAL! (LBN)
Vice-Chairmen: M. HOSHI (B

G. HATZOPOULOS (GRC)

P.D. LANSARD (F)

J.H. BOBSIN (USA) -
P.G. TOURE (SEN)

A. SANATI (IRN)

AS. ABU REZQ (KWT)

N.O.0. ADJEBU (GHA)

S. BIUAYENDRAYODHIN (THA)
J. YONGORO (CAF)

CHEIK SIDI M. NIMAGA (MLI)

1) Senior Chairman for coordinating the activities of the GAS and the associated
tochnical assistance questions including lisison with the Plan Committee in such matters.

SPECIAL AUTONOMOUS GROUP GAS 12
STRATEGY FOR THE INTRODUCTION OF NEW NON-VOICE TELECOMMUNICATION SERVICES
Chairman: J.B. PECRESSE (F)
Yice-Chairmen: K. BOUFARHAT (LBN)
K. AYIKOE (TGO)
C. MOTEGI {J)
D. DE MAIO (1)
K. SORO (CTD
M. LHOR (MRC)
D. TOURE (MLI)
J. KONDAOULE (CAF)
H. SUROSO (INS)
A. MOHSENZADEH (IRN)
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Aonex 1: CCIR Programme of work for the 1990 - 1994 Study Peciod

Source: Administrative Circular A.C./306 of 17 August 1990

1 Introduction

The XVIIth Plenary Assembly of the CCIR, Dosseldorf, May - June 1990,
approved 1 new work programme, new Siudy Group structure, and new working
methods for the 1990 - 1994 Study Period. Resolution 109 defines the work programme
and lists Questions approved for study. It also categorizes Questions into urgent,
important, and other. Resolution 61-4 lists Study Groups, their scopes, Chairmen and
Vice-Chairmen. Resolutions 24-7 and 97 describe the working methods. A [urther
Circular will deal with application of Resolution 97 relating to the new procedure for
approval of Recommendations in the interval between Plenary Assemblies. The CCIR
texts resulting from the XVIith Plenary Assembly ars now in course of preparation for
publication.

2.  Organization of CCIR work

The work of each Study Group will be organized by the Study Group itsell,
according to the Questions assigned by the Plenary Assembly. Study Groups assign these
Questions to Working Parties and Task Groups, and schedule and monitor their activity,
Recommendations and other relevant texts will be drafted by the Working Parties or
Task Groups aand spproved by the Study Group., A geveral rule is that each Question
shall be assigned to a single Working Party or Task Group within a single Study Group.
(Exceptionally, for a transitional period, Study Groups 4 and 9 have maintained one, and
Study Groups 10 and 11 two, Joiot Working Parties. Each will report 10 & single Study
Group.) Their work should, as far as possible, be conducted by correspondence. |[...]

The Plenary Assembly approved Resojution 106, in accordance with which an ad
hoc Advisory Group on Strategic Review and Planning will be created to advise on
issues important for strategic planning of CCIR work.

Resolution 107 set up & Working Party of the Plensry on Restructuring CCIR
Study Groups for the future. The Working Party will issus o preliminary Report to the
Interim Mectings of Study Groups and a final Report 10 the XVIHIth Plenary Assembly.
Invilations 10 participate in these activities will be circulated in due course.

3. Contributions

Contributions 10 Questions approved for study, especially to urgent ones, are
invited. The XVIth Plenary Assembly has placed focus on CCIR studies leading to
Recommendations, in accordance with the CCIR tarms of reference (ITU Convention,
Nairobi 1982, and Nice 1989). Contributions shoyld be direcied to draft new and revised
Recommendations, and should cite the specific Questions 10 which they refer. We would
draw your attention to Resolytions 24-7 wnd 97. They give instructions for document
submissions, and impose time Limits. In accordance with Resolution 24-7, contributions
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should be sent to the Chairman and Vice-Chairmen of the Study Group concerned, the
Chairman of the Working Party or Task Group and any relevant Special Rapporteur. At
the same time, five copies should be sent to the Director, for numbering, translation,
reproduction and distribution in advance of the meetings. (Participants are also
encouraged 10 submit contributions on magnetic diskettes along with paper copy, or by
electonic mail. Instructions will be made available on request.)

Documents received at least four months in advance of the meeting will be
translated as required and dispatched to participants. Late contributions which canngt be
submitted by the above-mentioned four-month time limit can be accepted up to seven
days before the meeting for reproduction and distribution at the opening. No
commitment, however, can be made regarding their translation. Those which can be
provided by the administrations in at least one of the working languages and published
before the meeting, can be placed on the agends of the first session of the meeting but
will be considered only if the meeting concerned so decides (Res. 24-7, 8.9).
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Annex 2. FROCEDURE FOR APPROYAL OF QUESTIONS, RECOMMENDATIONS

AND TECHNICAL BASES FOR RADIO CONFERENCES (Resolutions 24-7 and 97)
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cCIa pogument PLEN/1Q7-E

AVIIth Plenary Assembly 29 May 15590 )
Digseldort, 1990 Qriginal: English
Technical ; cons
RESOLUTION 95-1

PARTICIPATION BY THE DEVELOPING COUNTRIES IN THE WORK OF THE CCIR

(1986-1990)
The CCIR,
CONSIDERING
{a) Resolutions Nos. PL/7, COMS/11 and COMG/12 of the ITU Plenipotentiary Confereace (Nice, 1989)
concerning respectively:

the bolding of mectings or confereaces away from Geoeva, particulasly RESOLVES 2 of Resolution No. PL/T,
rchlinngtudyGroupvhirhwﬁu&uhtﬁemd&uhﬁumﬁuequipmcumdm necessarily be
wmumwmmmumm»m

- the Special Voluntmy Programme for Techaical Cooperaion, which “urges Member countries, their recognized

i i ies, scicntific or industrial organizalions and other cotities and organizations 1o support the

Special Voluotary Programme by making available the required resources in whatever form may be conveaien! Lo
meet the telecommunicaion needs of the developing countrics more cffectively’;

. special measures for the least developed countries (Resolution COMS6/12), particularly section 3, which instructs the
Secrctary-General dmwummmwmmmmmmmmmmm
provide effective assistance (0 these least developed countrics from the Special Voluntasy Programme for techaical
cooperation, the Union's own resources and other sources’;

() Resolutions 336 and 39-3 of the XVHlth CCIR Plenary Assembly conceruing, respectively, technical
cooperation and the participation of CCIR salf is technical cooperation wosk;
{e) that participation by Members trom all regioas in the world and particulasly by the developing couniries
cobances the quality of CCIR documents;
(d) mwmwmmummdmcmm;o a greater understanding of
the techaical content of CCIR texts;
{e) mmmmmmmhmmmmmmms
;) ﬂnvuylimiudnmriﬂmdﬁnnddmnihhhmthdﬂcbpiuwumiﬁ. preventing them
from pasticipating regulasly in the work of the CCIR;
7] l!::ldvcmeﬁemvhichtlleahsenn:uflhedcvebpiueuwieo&om&udyctoupmiviueshasnn:he
munammdcanummmu.uwmmhmm;

UNANIMOUSLY DECIDES
L mmmwwmmmmamcanmw

20590 13.0

..

-2 -
Document PLEN/107-E
RESOLUTION 95-1

11 ' emuuemwmhuhndmccmmeﬁmhhmbphgwmﬁc&hmrdmwﬂh
Resolution Na. PL/7 of the PlcnipmcaﬁaryCod«em(mw. 1989);

12 invite the Secretary-General of the ITU:

- 1o explore cvery possible mﬂmﬁumhmmwﬁdwhuwkdluccm
StudyGroupslromthcﬂU:mmmdelhwinM

:ommmmwmmwwmmmwmkmm among
mmmmwumummmmmmww.wm

2 MMMWWMMMmyudeuhudmidmuhm
dewwdwmmmwthwmwmCCleescribing
th:sed.i.ﬂicmies.Th:Dmdmcmﬁﬂmmmmwmwwoﬂesmdyﬁrmp(s).

3. ummmmummmm.muwmsmcmmmormouimreu
1o them;

4. mwmmduummwmmpwmwﬁdmhmswVonma;y
PrwmfuTeMCmmhudﬂmwmmmmddmmwi:hnddiuioulrcsources
mmmamummammmmdwdmmm

P

o
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Mi

INTERNATIONAL AND REGIONAL ORGANIZATIONS

EUROPEAN SPACE AGENCY (ESA)

8-10, ree Mario-Nikls
F — 757M Paris Coden 13

* ASSQCIATION OF STATE
TELECOMMUNICATION UNDERTAKINGS
OF THE ANDEAN SUB-REGIONAL
AGREEMENT (ASKTA)

Avenida Corufia 2669

y Gonzllez Suirex

Chmills postal 6042

Quito, Ecuadot

INTERNATIONAL AIR TRANSPORT
ASSOCIATION (1ATA)

IATA Building
2000, Pet! Street
Montréal, Quéibec HIA 2R4, Canada

INTERNATIONAL ASSOCIATION
OF BROADCASTING (1AB)

Calle Yi No. 1264
Momevideo, Urguay

INTERNATIONAL ASSOCIATION OF
LIGHTHOUSE AUTHORITIES (JALA)

13, roc Yvon-Villarceay
F ~ 75116 Paris

INTERGOVERNMENTAL RUREAU
FOR INFORMATICS (Inl)
P.0. Box 10253

23, viake Civilid del Lavoro
1 — 00144 Roma

INTERNATIONAL TIME BUREAU (BIH)

61, avenue de 'Observatoire
F =~ 73014 Puris

COMMITTEE ON SPACE RESEARCH
{COSPAR})

51, boulevard de M ¥
F — 75016 Puris

INTERNATIONAL MARITIME
RADIO ASSOCIATION (CIRM)

Southbank House
Biack Prince Raad

INTERNATIONAL SPECIAL COMMITTEE
ON RADIO INTERFERENCE (CISPR)
British Standards ’mtkulh-
2, Park Street e
GB — London WIA IRS

INTERNATIONAL ELECTROTECHNICAL
COMMISSION (IEC)

3, rue de Varembd .
CH - 1211 Gendve 20 1

INTER-UNTON COMMISSION ON
FREQUENCY ALLOCATIONS FOR RADIO
ASTRONOMY AND SPACE SCIENCE

aucan -

c/o Dr. A, K. Thompeon
Nations] Radio Astronomy Olwervatory
Road

Edgemont F
Charfottesville, Virginia 22903, USA

INTER-AMERICAN TELECOMMUNICATIONS
CONFERENCE (CITEL)
1389 F Siree, N.W. OAS
Washington, DC 20006, USA

INTERNATIONAL CONFERENCE
ON LARGE HIGH VOLTAGE
ELECTRIC SYSTEMS (CIGRE)

122, boslevard Hawssatany
F - 75008 Paris

GULF COOPERATION COUNCIL (GCC)
FOR ARAB COUNTRIES

P.O. Box 2683t
Manama, Bahrain

INTERNATIONAL COUNCIL
OF SCIENTIFIC UNIONS (ICSU)
51, boulevard de Montmorency
F — 75016 Paris

INTERNATIONAL
ASTRONAUTICAL FEDERATION (1AF)
3-5, rue Mario Nikis
F — 75015 Paris

GULFVISION

BN Dae 4909

NORTH AMERICAN NATIONAL
BROADCASTERS
ASSOCIATION (NANBA)

1500, Bronson Avenue
Otawa, Ontaric K1G 3J$, Canada

ARAB SATELLITE COMMUNICATIONS
ORGANIZATION (ARABSAT)

P.0O. Box 1038
Riyadh, Suudi Arabia

IBERO-AMERICAN
TELEVISION ORGANIZATION (OTD)

Varsovia 44, 4° piso
México 6, D.F., México

EUROPEAN TELECOMMUNICATIONS
SATELLITE ORGANIZATION (EUTELSAT)
Tour Maine-Montpartasse

13, avenue du Maine
F — 75755 Paris Cedex 13

INTERNATIONAL RADIO AND
TELEVISION ORGANIZATION (OIRT)

Skotanska
16956 Praha 6, Crechoslovakia

INTERNATIONAL MARITIME
SATELLITE ORGANIZATION
(INMARSAT) :

40, Mehon Surest
GB — London NWI 2EQ

INTERNATIONAL TELECOMMUNICATIONS
SATELLITE ORGANIZATION (INTELSAT)

3400, Internmional Drive, N, W,
Washington, DC 20008-3098, USA

INTERNATIONAL ORGANIZATION
OF SPACE COMMUNICATIONS
{INTERSPUTNIK)

2, Smolensky 1/4
Moskva 121099, USSR

INTERNATIONAL SOCIETY FOR
AERONAUTICAL TELECOMMUNICATIONS
(SITA)*

112, avenue Charles-de-Gaulle
F = 92522 Newilly-sur-Seine

ASIA-PACIFIC TELECOMMUNITY (APT)

Soi 5, Chaengwartana Road
Thungsonghong, Bangkhen
Bangkok 10210, Thailand

AFRICAN POSTAL AND
TELECOMMUNICATIONS UNION (UAPT)

Avenue Patrice Lumnmba
Bofte postale 44
Braxzaville, Congo

ARAR TELECOMMUNICATION UNION (A'I'Uj

P.O. Box 28019
Baghdad, Innq

L -

INTERNATIONAL ASTRONOMICAL UNION
(Iau)

61, avenwe de I'Observatoire
F = 73014 Paris

ASIA-PACIFIC BROADCASTING UNION
(ABL)

P.O. Box 1164
Kusla Lumpur 22.07, Malaysia

ARAB STATES SROADCASTING UNION
(ASBU)

17, rue El-Mansours

Bolie postale 65 El Menzah
E! Menzah IV

Tunis 114, Tunisis

UNION OF NATIONAL RADIO
AND TELEVISION ORGANIZATIONS
OF AFRICA (URTNA)

Centre 1echnique
Boite posuale 39
Bamaka, Mali

P T R Y R ¢ o KA
[ T3 B g :i-" 4 - >



EUROPEAN BROADCASTING UNION (EBU)

Centre technique
32, avenue Alberi-Lancaster
B — 1180 Bruxciles

. . N
S o0 LN

INTERNATIONAL AMATEUR RADIO UNION
(AR}

225 Main Street
P.O. Box AAA
Nawinglon, Connecticst 06111, USA

PANAFRICAN TELECOMMUNICATION
UNION (PATU)

Boite posale 3634
Kinsbass 1, Zaire

INTERNATIONAL UNION
OF RADIO SCIENCE (URSH)

32, avenue Albert-Lancasier
B — 1180 Bruelles

SPECIALIZED AGENCIES OF THE UNITED NATIONS *

INTERNATIONAL CIVIL AVIATION
ORGANIZATION (ICAQ)

WORLD METEORQLOGICAL
ORGANIZATION (WMO)

41, avenue Giuseppe-Moua

Place de I'Aviation internationale CH ~ 1211 Gendve 20

1000, rue Sherbrooke Ouest
Monirtal, Québec HIA 2R2, Canada

INTERNATIONAL MARITIME
ORGANIZATION (IMO)

4, Albert Embankment
GB - Londoa, SEI 7SR

M thhmﬁﬂtmllmmnﬂhwm?' ication Ci
Nairobi, 1943




SCIENTIFIC OR INDUSTRIAL ORGANIZATIONS

GERMANY (Federal Repwhlic of)

AEG AKTIENGESELLSCHAFT

zBdn. Herrn Tandler/VB-F
Theodor-Stemn-Kai t
6000 Frankfurt am Main 70

ANT NACHRICHTENTECHNIK GubH

Herra Dr. Ing. Reishard Tilt
K1 E312

Gerberstrasse 3)

7150 Backnang

FUBA, HANS KOLBE & CO.

Postfach 1160
3202 Salyderfurth

PHILIPS KOMMUNIKATIONS INDUSTRIE A.G.

Thurn-und-Taxis-Str. 10
Postfach 3538
1500 Naraberg 10 '

ROHDE & SCHWARZ

Mohidorfatrasse 13
Poufech B0 14 &9
3000 Minchen 30

SIEMENS A.G.

NCCI-Referae
Hofmannsrasse 51
Postfach 700072
8000 Mtnchen 70

STANDARD ELEKTRIK LORENZ AG.

Herm W. Polnik ZT/TMSF
Hellmuth-Hinh-Strasse 42
7000 Stuttgart 40

WANDEL & GOLTERMANN

tH. Frau S. Jetter, Abt, PA
Postfach 45 — Mihleweg
7412 Eningen u.A.

CANADA

BELL-NORTHERN RESEARCH LTD.

PO. Box 3511, Station C
Ottawa, Ontario K1Y 4H7

SPAR TECHNOLOGY LIMITED

21025 Trams Canada Highway
Ste-Anne-de-Bellevee, Quibec HIX 3R2

SPAIN

TELETTRA ESPANOLA S.A. *

Apartado de Correos 61.270
1080 Madrid

UNITED STATES OF AMERICA

GTE INTERNATIONAL INC.

One Stamford Forum
Stamflord, Connectict 06904

HARRIS CORPORATION,
FARINON DIVISION

1891 Bayport Avense
San Carlos, Californis 94070

HUGHES AIRCRAFT COMPANY
Space and Communications Group

P.O. Box 91919 — Airpost Station
Los Angeles, California 90009

ITT CORPORATION

320 Patk Avenue
New York, NY 10022

MOTOROLA, INC.

1776 K Street, NW
Suite 300
Washingion, DC 20006

ROCKWELL INTERNATIONAL
CORPORATION

Washington Office (Department 020)
1745 Jefferson Davis Highway
Arlington, Virginia 22202

SYSTEMATICS GENERAL CORPORATION

Communications and Electronics Division
1606 Ol¢ Ox Road

PO. Box 28

Sterling, Virginia 22170

FINLAND
OY NOKIA
P.0. Box 226
00101 Helsinki 10
FRANCE

COMPAGNIE INDUSTRIELLE

DES TELECOMMUNICATIONS (CIT-ALCATEL)

Département Transmission
Evabli de Vill

Route de Villejust — Nozay
91620 La Yille-du-Bois

HUNGARY

INSTITUT DE RECHERCHES
DE TELECOMMUNICATIONS (TKI)
1. Gabor Aron utca 65.67

Prts
Budapest 1525

ITALY

ANIE — ASSOCIAZIONE NAZIONALE
INDUSTRIE ELETTROTECHNICHE
£D ELETTRONICHE

Vin Algardi 2
20148 Milano

CSELT — CENTRO STUDE
E LABORATORI TELECOMUNICAZIONI

Via Guglielmo Reiss Romoli 274
10148 Toring

FONDAZIONE UGO BORDONI

Segrereria di Direzione
Via B. Cactislinne 50

GTE TELECOMUNICAZIONI s.pa.

Cassina de Pecchi
20060 Milano

ITALTEL sp.s.

Piszzale Zavatwari 13
20149 Milano

SOCIETA ITALIANA RETI TELEFONICHE
INTERURBANE (SIRTT)

Via Q. B. Mrelli 20
0124 Milano

BOCIETA MARCONI ITALIANA

Vis Ambrogio Negrone |
16153 Genova-Cormnigliano

STET — SOCIETA FINANZIARIA
TELEFONICA

Direz. Generale Roma
Corso d'lulia 41
00198 Roma

TELETTRA ~ TELEFONIA ELETTRONICA
E RADIO s.pa.

Visle Fulvio Testi 136
20092 Cinisello Balsamo (Milano}

JAPAN

ELECTRONIC INDUSTRIES
ASSOCIATION OF JAPAN

Tosho Building

2-2, Marunouchi 3-chome
Chiyoda-ku

Tokyo 100

FUNTSU LIMITED

Marunouchi Center Building

61, Marunouchi 1-chome
Hhivada ko




HITACHI LIMITED

Hitachi Omori Second Building
17-18 Minamioi é-chome
Shinagawa-ku

Tokyo 140

MATSUSHITA COMMUNICATION
INDUSTRIAL CO., LTD.

600 Sseda-chow
Midori-ku
Yokohama 2126

MITSUBISHI ELECTRIC CORPORATION

Planning and Admisistration Departient
Electronic Products and Sy Group
2-3 Marusouchi 2-chome

Chiyoda-ke

Tokyo 100

NEC CORPORATION

Office of [TU Affairs
33| Shibs S-chome
Minao-ke

Tokyo 108

OKI ELECTRIC INDUSTRY COMPANY LTD.

1-1-12 Toranomon
Minsio-kw
Tokyo 103

TOSHIBA CORPORATION

Sysiems Division

1-1 Shibaura 1-chome
Minsto-ku

Tokyo 103

7

NETHERLANDS

ATAT EN PHILIPS TELECOMMUNICATIE
BEDRUVEN B.V.

PO. Box 1168
1200 BD - Hilversum

UNITED KINGDOM

PLESSEY TELECOMMUNICATIONS
RESEARCH LTD.

Stoke Park Houss
Sioke Poges )
Slough, Berkshire SL2 4NY

SWEDEN

TELEFONAKTIEBOLAGET LM ERICSSON

126 15 Swackholn

YUGOSLAVIA

Center 28 elekirooptiko
Sicgae 7, POB. 39
61210 Ljubljana-Sentvid

NIXOLA TESLA

P.Q. Box 120-10
Tagreb

INTERNATIONAL TELECOMMUNICATION UNION

CCIR

INTERNATIONAL
RADIO CONSULTATIVE
COMMITTEE

HANDBOOK

SPECTRUM MANAGEMENT
AND COMPUTER-AIDED TECHNIQUES

Edition of 1983
Revised in 1986

Geneva, 1987

ISBN 92-61-01701-0

S

o=



INTRODUCTION BY THE CHAIRMAN OF CCIR IWP 1/2

It gives me grest pleasure lo introduce this first revision of the Handbook on Spectrum Management snd
Computer-Aided Techniques. Although there are many handbooks on a variety of subjects, this is the only
handbook on this subject. | hope that the new malerial will add additionsl insight in methods of achieving
effective spectrum management through computer automation. Numerous discussions were held between adminis-
trations to complete this revision. It is especislly imporiant in the future that administrations continue their
patticipation in the CCIR and other forums to examine ways to achieve more efficient use of the tadio frequency
spectrum through more effective spectrum management practices.

The First Meeting on Nationa! Spectrum Management [CCIR. 1983) addressed a number of questions 10
CCIR Study Group 1 on how to sutomate spectrum management sysiems. In particular, questions about computer
software and hardware requirements, methods of exchanging data and standard programming language were
considered. Annexes V and VI of the Handbook contain a summary of Data Base Management System (DBMS)
software and hardware characieristics for micro and mini computers respectively that was also senl to the Second
Meeting on Naticnal Spectrum Manag The q about methods of exchanging data was again exzmined
with the conclusion that the preferred standard for cxchanging large quamiities of data was with magnetic tape
while 5 1/4" diskettes are prefacred for smaller quantities of data. In addition, ANSI Fortran 77 is still the
recommended language for specirum management software development where portability is required.

During the 1982-1986 study period. a practical examination of the Handbook was undertaken by many
administrations by applying the methods to their spectrum management system. The methods contained in the
Handbook were generally found to be very useful. There were, however, cenain areas which the Handbook did
not address and will still not be considered in this revision duc to a back of mvailable information. This, in
pacticular, concerns application of the methods 10 the spectrum management systems of administrations of
differenl sizes. A discussion of “application experience” took place at the Eighth International Wroclaw
Symposium on Electromagnetic Compaiibility [Mayher, 1986] and can be briefly summarized as: “It is initially
RECESSArY (O use a criteria (o determine if sutomation is required. If the national spectrum management structure is
effectively organized and frequency sssignment data files greater than typically 5000 complex records are required
then sutomation methods should be considered. Initially changeover problems can be minimized through proper
planning. The primary design of the automsted system should be centred arownd the requirements of the
frequency assignment data base that represents 85% of the data requirements excluding terrain data. In addition
a ion is ad geous for interference analysis requirements that lead 10 more efficient use of the specirum,
The critecia for selecting 2 computer system should first be based on the functional requirements, then the DBMS,
then the availability of software and finafly the availability of computer hardware in a panicular country. The
computer hardware cost is the lowest overall cost of sutomating a national spectrum management system”.

Finally, the key to effective specirum management is the collection of adequate frequency assignment data
that serves the basic management needs of the administration and can be easily exchanged between adminisira-
tions. During the past period, the frequency sssignment data in Table AIV-11 was reviewed by administrations and
the IFRB. The recommended “basic™ deta has been increased from 31 to 63 fields due mainly to increased
requirements of the IFRB. Since some administrations have concerns sbout managing the size of the data file
created by this large structure, this data file will be re-examined by IWP 1/2 to determine the minimum number
of fields that is required to be stored by some administrations. In addition, all other spectrum management data
files will be re-examined for recommended data formats thal can form the cornerstone for effective spectrum

vi

The Handbook could not have been developed without the expertise of many individuals around the
world, cooperating within the framework of the CCIR. For its preparation and further updating, CCIR Interim
Working Party 1/2 has been crested within Study Group 1 {CCIR Decision 27). The membership of IWP [/2 was
25 follows {in alphabetical order): R. Bisner (France), G. F. Block (ESA), A P. Chaudhury (India), E. D’Andria
(ltaly), M. Garidou (France), I. R. Hutchings (New Zealand), D. Kopitz (EBU), J. K. Lady (United States of
America), R McCaughern {Canada), P. Major (United States of America), H. Mallau (Federal Republic of
Germany), M. Mcnchén (Spain), C.A. Merchan Escalante (Mexico), P. Pettersson (Sweden), T.E. Racine
(Canada), G. H. Railton (Papua New Guinea), . A. Reymundo (Spain), T. Saruwstari (lapan), G. Smith (Papua
New Guinea), W, Spycher (Switzerland), R G. Struzak (People’s Republic of Poland), V. N. Volkov (USSR},
J. Warden (United Kingdom) and W. L. Wilson (Papua New Guines). The Working Party was supported by the
staff of the CCIR Secretariat, with participation of the IFRB, and the ITU Computer Department.

REFERENCES
CCIR [t983) Report of the First Merting on the Development of Nations! Radic Freq y Manag (Geneva, 24 10
28 October) (Document 24).
MAYHER, R.1. {1986) Experience in ing national sp Round Table Discussion st the Eighth Interna-
tional Wrockaw Symposivm on El gnetic Compatibility, CCIR, IWP 1/2, 182,
R. J. Mayher (United States of America)
Chairman, CCIR IWP 1/2



GIOSSATY . . v v e cv vt i sa s c s ey
Chapter 1
1. INIROBUCHON & o o « ¢+ e o s nm e s sm s s et ey
1.1 Background . ... ... ... esaena e PN
12 Intcrmational COOPEFAOn . . . .. oo e v ot i a e
13 Role of the IFRB in spectrum managemenl . . . . . . . - - oo s
14 Automation of the sprcirum MARIGEMCAL PrOCess . . . - . - -+ v v v -
1.5 Handbook background . . . ... .. .- oo i
16 Omanizalion . .. .. ... veee v raa s

Appendin |~ WARC-T9 Recommendation No. 31 . ... ..ooounns
Appendiz Ll ~ CCIR Decision 27-2

21
22

23
24

25

26

TABLE OF CONTENTS

Allocaion procedures . . . ... ... it e e
220 PURPORE o v o eviea e
222 RegionsandZONes . . . . . .- - . e r ey
223 Caitegories of services and allocations . . . . . ... ...
Spectrum manugementby the IFRB . ... ... ... .0 hl e
Frequency coordination . . ... ... o n i eiam i
24.1  Need for coordinstion and related procedures . . . . . [P
2423 Coordinstion calculations . . . . . . .. ey
24.2.1 Appendix 28 to the Radio Regulationy . . ... . ..... ...
2.4.2.2 Appendix 29 to the Radio Regulations . . ... .........
2.4.23 Appendix 30 to the Radlo Regulations . . . ... ........

2.4.24 Final Acts of the LF/MF Broadcating Conference (Geneva, 1975) . ... ... . ... ...

National spectium MBRRGEMEAL .« o . . o v v asn e

2510  Need for management of the use of frequencies at the national bevel . . ... .. ......

252 Role of a national spectrum management suthority ... ...
2.5.2.1 Standardization . . .. ... .. e e

2523 MARBEEMENL . . .\ . - ¢ . uv i e am et s

253  OQrganization and operation of & rational specirura macagement suthority . . . ... .. ..

Specirum engineering Lechniques . . . . . .« - s i s a e
261 Filestlection and review . . . ... .- i ci i
262 Technical cull techniques . .. ... ... e
2620 Nominal datacull ........... e
2622 Powerdevelcull .. ... ... .. i
263 Demiledanalysis . . ... ... oo PR
264 Eoginecringaids . . .... ... e
265 Sysemanalysis........... e e
26.5.1 System performance prediction . .. . . .

2.6.5.1 Frequency assignment . . . ... ... P

YH

L VR R R N N

M =l BB O WA WAL B R R e e e =

- e e s s o
I -

15

Vil

21

31
32
33

34

35
36

41
4.2

Table of Cestents

266 Databasc cOnSideralions . . . . . . -« ottt o
2.6.6.1 Operational usage or frequency depeadent dats . . . .. .. .o vv e
2662 Equipment characlenistics data . . . . . v v h e
2663 Pathorcouplet dependent data . . ... . ... i s
2664 Background data . . . . . .. e e et i i e s
267 Model applications 1o problem analysis . . ... ... e
AUTOMBIION .« + o « v o ¢ ot b s s e m e s e ba e st aenaas s an s s o

Spectrum engineering MOdElS . . . ... a L e
EOOAUCHION « o v v v o o o mm e n s e mm e m b cmm e s
Data dependence . . . .- -« oo s
Model IechmiQUES . . . . . v\ o st b s s e e e
331 Apalytic . ... s e P Y
332 Empirical . ...l e e e
333 Statistical EALMENL . o . o o o ot v oo s v i s iesa s e s
Element MODEES . « o o o v o v e st s s e ettt e e
341 Transmiter models . - - - ..
342 Anteonamodels . ... e e e i a o e imr e b e e
3420 IMFOGUCLION . . . o0 v bt e m s s e e e
3.4.22 Antennas for frequenciesbelow 30 MHz . . .. ... .. il
3.4.23 Satcllitc network ANIEANSS . . . . . - . o e e a s e s s
343 Radio-wavepropagation models . . . . . ... .. e i e s
3430 INrOdUCOn . . . o it i b e e e s s
3432 VLF(S € WEHZ) . . . . . oo ittt i i s s
3433 LFand MF(30kHz < f< 3MHZ) . ... oo i v
1434 HF G < f<MMHZ) « .o oivieiiininraannnns e
3435 YHFand UHF (30 MHz < f<3GHZ) . . ... ..o v in i e e e s
3436 SHF and higher frequency (f > 3GHz) . . . . ... . oo e
3.4.3.7 Eanh-space PrOpagalion . - .. ... cueern oo
344 Receivermodels . . . - oottt e e
3441 InWOAUCTION . -+ v v o v e v st bt e e e e sy
3442 Amplitude and phase modeli. . . . . . ., oo e
3443 Power models . . - - ¢ . . 4 i et e s b s
345 Performance degradation analysis - . . . . .. ..o e
3450 Background . . . ... i v e s e e
3.4.52 Performance degradation CRlETia . . .. <. o v i e
Oplimizatlion teChniqUes . .« . v« o xc v in i menaar it E
System models for evaluating EMC . . ... . .- o i e
360 Introduction . ... .. c i e r e i e
362 Simplesystem models . . . .. .. it c st e e
363 Complexsystemmodels. . . .. .. ..t e
3.6.3.1 Receiver intermodulation characlefislic . - . - o v v i vt st em e b
3632 Cositeanalysismodel . . . . . ... v b e e
3.6.3.3 Statistical land mobile prediction model . . . ... ..o i i e
3.6.3.4 Channel assignment modelling techniques . . . . ... .o ree s eae e

SpeCtrum MaRAgEmEnt dall . . . . . ..ot s s st sy
e O e
Exchange of frequency management dath . . . .o v o v v vt i n s s
421 Necessity for compatible dats - . . ... . a0 uh - s onsnsranasttounrs
42.2  Data transfer compacibility requirements . . . .. .. i i e c i e

-
kWD W N D0 00D B G OO DAL AW R e ==

- s e e ma
0 O e

Y

——

oo



43

51

52

5.3

5.4

5.5

56

57

Toble of Contests
Dath GroUPE . . . . . . 4 s e e a s m e e e a e e e e e
431 Frequency sllocationdats . . .. . ... . it i e
412 Frequency assignment and notification dats . . .. .. ... ... Lo oLl
433 Licence holder data . . .. .. ... ..ttt i v m e e
434 Equipment charactetistics 8ala ., . . . .. .. ... ... .t i s
435 Planningparameter dalh . . . . ... L. e aa st e e
436 Geographical data . . . . . ... i i e
437 Topographicdaa . ...........c...ueriiianaann- et a e,
4370 ApplicRliOns . . . . . ... e e e e e e e e
4372 The preparation of tesrain data . . . ... ... .0 o e e e e
438 Monitoring ddlr . .. .. ... ... e S
Chapter 5
Computer techniques - - - . . . . ... .........0, e ettt ey
IMPOdUEtION . . . .« v - v v i L e e e m e E e e e e
Hardware . . . . . M et a s s amm e e aaa s e e e a et ettt e
521 Central proo®Sions . . . .. ... 0 a v e Ceneraaa e
522 Input/output dewices . . . ... ... ...ttt
523 Auxiliarystorage . . . .. ......... e e e,
Software . ..... I T I T
531 Operating syssm, utility and library pragrams . . . . . ... ... . ... .. ...,
§.32 Application programming languages . . . . . . ... L.l e i e s e
533 Dammbasemanagementsystems (DBMS) . . . . .. ... . ... ... i
534 Filemanagemant PIOFIRIME . . . . . oo v i v v v v i sttt aa ottt aanae e e
Implementation of sutomation technigues . . . . . ... . oo i e e
541 ModesoloperBtion . ., . . .. ... .. .. e
542 Analyticalconsiderslions . . .. .. ... ... .. ... e
543 Designtothe organbeationsl structure . . ... ..o
544 System design. . . . .. L. L et e s
545 Softwarestandsrlb . . . . . ... ...t
546 Sclectingacompuleraystem ., .. ... ... ... .. ... et
S47 Structured design . . . . - - .. L L. c et s e
S48 Datasoquisiion . ... ... .. L. .. c s e
549 DalESECUTILY . . - . ¢ - - o i et e s
5410 Dastabaseadministration . . . ., ... ... .. ... . i s
Transler of infOImMAtIoN . . . . ..t i it s i
551 General ...t e e e e e e e e s
552 Method of exchangingcomputer data. . .. . . ... o0 s
5521 Diskformats . . . . ... .. . e i e i s
5522 Operating SYSlEMIE . . . . . . . . o, .t c i e
$5.27 Bulletin boands . . . . ... i it e e e e e
S5.24 Conclusion . .. ...t e e e e e
Computer communications netwotk . . . . . ... .. . e e
5.6.1 Modes of computer dats transfer (data transmission over leased circoits) . . . . ... . ...
562 Teansmission speed . . . . .. ..ottt a b e e
563 Network protocols . . .. .. . .ot ittt i e e e s
Sample computer system conligurations . _ . . . .. .. Lo e e e e e .
571  Small dedicared lunction computer syslems . . . . .. . . . .. ... ...
572 Single user COMPMIEE BYSIBIIE . . . . o« 4 o vt v vt e m i et e e i
573 Muli-user COTAPULET SYSIEMS . . . . . . o vt v oo m e s bt vt s e me e n e s

574 Computerservice networks . . . . . . .. L. L i e

=

3

[ I S S R PR P N LT I Y ¥

MO O e d W WU e e e W ke em e am s

e o
(S S A L TR TR VRS - )

15

6.1
6.2

63

64
65

6.6
6.7
68

69

Table of Contents
Chapter &
Examples of sutomsted aids for specirum management . . . .. ... ... et e s
Itroduction « . . . i e e e e et e e
Manipulating dats in COMPULEr BYSIEMIE . . . ., . ... ..ttt ettt e
621 Introduction . . . ... ittt e e s
6.2.2 Selection of records accordingtoagivencriterla . . . ... ... ...............,
6.23 Ordering (sorting) of information . . .. ............. N
624 Display of information . . .,............. e e P Ceaa s
625 Datzbase managementsystem (DBMS) . . ... ... ...... ...t
626 Allocation data base . . . . . . ... ... i e e
Computer-sided frequency selegtion . . . ... ... ... ... .. .t iaasscnennn.
630 Problem descriplion . . . . .. ... i e e et a e e
632 Basicselectionprocedure . . . ... ... ... e e e
633 Anexample.............-c.000n e et s e
634 Frequency selection using more detailed sharing criterin . .. . .. ... ... .........
6.3.5 Land mobile radio-frequency assignment . . . . . ... .. ...t
Propagation . .. ... ... .. c.ceoe. L T T T T T
Equipment characteristies - . . ... ..... .. iy e
651 Antennapatierns. .. ....... e e ety e e m e
6.5.2 Emission spectra of transmitters . . . ... ...... e
6.53 Reciverselectivity . . .. . ... i i e e s i
Frequency dependent rejection , . ... ... .. e e s
Path profileand horizon plots . . . .. .. .. .o i i e s e
Coordination distance calculations . . . . . .. ... . L. e e
6.8.1 Program capabilitics and procedures , . . .. ... ... ... i .
Possibilities for automation in the coordination of g space station . . ... ... ...,........
691 Iniroduction ............. B r b e e
692 Terminology ....... O
693 DiSCUsSION . . .. . L Lo o e e e e et e a e
6.9.4  Possibilities for applyingcomputermethods . . . .. . .. ... ... . ... ...
695 AndHlustrativeexample . - . . .. L L L e e e e e
6.9.5.1 Description of examplé _ . . . . . o ... e e e e e
6932 Dataused foremample . . . ... .. i e e e e e e
6953 Resultsof example . . .. ... .......... e e s
6.9.5.4 Results (modified system) . . . . ... .. e

Annex | ~ Catalogue of data files and computer programt

Annex Il — Data base management sysiems

Annex IIl - Power optimization exampie

Annex IV — Spectrum management data tables

Annex ¥V — Generic dsta base management sysiem characteristics for spectrum management
Amnex VI - G i ch istics for spectrum management

L &

Annex VI — Microcomputer spectrum mansgement demonstration system

Annex YVIII — Spectrum management system objectives for a country

Annex IX ~ Example of an sutomated space network analysis

Annex X — A supgested approach to the handling of logical units to facilitate the transportability of

FORTRAN 77 computer programs

Annex XI - CCIR Resolution 88: Computer programs for radio-frequency management

i

W R A W M e A e e



&)

| RAPPORT 340-5 ' [ REPORT 340-5 ’ [ INFORME 340-5 ,

COMITE CONSULTATIF INTERNATIONAL DES RADIOCOMMUNICATIONS
INTERNATIONAL RADIO CONSULTATIVE COMMITTEE
COMITE CONSULTIVO INTERNACIONAL DE RADIOCOMUNICACIONES

ATLAS CCIR
DES CARACTERISTIQUES IONOSPHERIQUES

CCIR ATLAS
OF IONOSPHERIC CHARACTERISTICS

ATLAS CCIR
DE LAS CARACTERISTICAS IONOSFERICAS

UNION INTERNATIONALE DES TELECOMMUNICATIONS
INTERNATIONAL TELECOMMUNICATION UNION

LINISRG IR ITOPWR LAZ™NZA TA L PN T (/N a h e A s ey

2. — Predicted F2-layeroumerical mapsand charts . ... ...........c000unnnnnan,
3. = Prediction of foE snd E-layerbasic MUF . .. .. .......,..... ebee e
4. — Prediction of foFl and the Fl-layerbasic MUF . ... ..................0c....
S. = Numerical coefficients for foEsand IbEs . . . ... .. ..., ... . ernrnnnenn.
r 6. — Numerical coefficients for the percentage of occurrence of speesd-F . . .............
n 7. — Numerical cocflicients for PFand WF,F2 . . . .................c..... L
8. — Model of vertical distribution of electron density inthe Eand Fregioas . . . ... .......

9. — Manual method for estimating the monthly wedisn basic masimum wisble frequency and
optimum working frequency forpathsof anybengah . . . . ... . .. ... in ..

Part 10. — Chans for estimating FXZERO)MUF, F2(4000)M UF and zenith sagie of the Sun . . . .. ..

Pan 11. — Computer method for estimating the monthly median basic MUF and optimum working
' L T T

Part 12. ~ Mirroc-reflection height . . . . .. ... i it i e
Figures 1000 15 .. ..o it i st e s ettt

FITgIgE e

o

41
a2

5
57
2
58
58



AR A
—

INTERNATIONAL RADIO CONSULTATIVE COMMITTEE

13

al e

"Rty
alndyi

rmn

i

LS o015

HANDBOOK

FOR
MONITORING STATIONS

INTERNATIONAL TELECOMMUNICATION UNION Geneva, 1988

INTRODUCTION B8Y THE CHAIRMAN OF CCIR IWP 1/%

It gives me great pleasure (o present the updated edition of the Handbook for Moniloring Stations.

In Resolution 16-1, the Xith Plenary Assembly of the CCIR (Oslo, 1966) decided 1o provide monitoring
station operators with a training sid geared 1o their very specific needs and, in implementation of the provisiona
of the Resolution, the CCIR published the Ffirst edition of the Handbook in 1968 (supplemented in 1971),

Our thanks go 1o the eight administrations and two intemational organizations who drafted the Hand-
book's 1% chapters, for their work has proved very useful to monitoring stations, as the members of IWP 175 can
certainly confirm. However, no provision was made to prevent the Handbook from “ageing™ and, consequently,
some of the administrations atiending the Final Meeting of CCIR Study Group 1 (Geneva, 1981) were prompied
to request the establishinent of an Interim Working Party lo be responsible for updating it. To this end, IWP 1/5
was sct up under Decision 53 of the XVih Plenary Asscmbly of the CCIR (Geneva, 1982); it is composed of
representatives from ten administrations, three international or industrial organizations and the IERB.

At its first meeting in Paris in 1982, IWP (/5 decided to retain the original titles of the t9 chapters and to
add a new chapier on space station monitoring,

Wiulrcgudloomniz:douofwork,itmundlhutlumludlhouldbesharednmon;tbe.mup
and the following allocation of tasks was approved:

Chapter 1 Portugal Chapter 11 EBU

Chapter 2 United States of America Chapter 12 Japan -

Chapter 3 United States of America Chapter 13  France, United States of Americy
Chapter 4 United States of America Chapter 14 United Kingdom

Chapter 5 United Kingdom Chapter 15 Taly

Chapter 6§ Germany (Federal Republic of) Chapter 16 Tran (Islamic Republic of)
Chapter 7 United States of America Chapter 17 France

Chapter 8 France Chapter 13 France

Chapter 9 Japan Chapier 19 IFRB

Chapter 10 Portugal Chapter 20 Germany (Federal Republic of)

The members of the WP representing the above-mentloned administrations and organizations were

therefore appointed coordinators for updating the chaplers assigned to them, but they were 1o receive assistance

from the group as a whole.

The IWP also decided:
= that the new or revised texts should be submitted for comment and, possibly, amendment;
~ that the chapiers should not be sent to the CCIR Secretariat without the consent of the TWP.

The coordinators were naturally requested to take account of technical progress in radio monitoring,
together with the development and impact of the use of the YHF, UHF and even SHF bands.

The IWP has worked well on the above basis and an excellent atmosphere has prevailed throughout its
nine meetings. It has fullilled a significant part of its mandate by supplying the CCIR with material for a Second
Edition of the Handbook. However, | venture 1o hope that CCIR Study Group 1 will take the NECEsSEry Steps to
arrange for the text to be updated as training methods (such as the use of audiovisua! facilities) and monitoring
technigues evolve, thus ensuring that the Handbook remains a valuable tool for monitoring station operators.

Finally it would not bave been possible to update the Handbook withont the assistance of the Tollowing
members of IWP 1/5, listed in alphabetical order:

Mr. Balfroid (IFRB), Mr. Barbadoro (Italy), Mr. Betts (United Kingdom), Mr. Bisner (France),

Mr. Bottcher (Federal Republic of Germany), Mr. Canei (EBU), Mr. Deil'Ovo (Italy), Mr. Feverciro

(Portugal), Mr. George (Federal Republic of Germany), Mr. Giacopelie {(Italy), Mr. Khatami (Istamic

Republic of Iran), Mr. Kilpatrick (United States of America), Mr. Labay (CCRM, Belgium), Mr. Luther

(United States of America), Mr. Moreno Peral (Spain), Mr. Nedelchev (Federal Republic of Germany),

Mr. Nakagawa (Japan), Mr. Olms (IFRB), Mr. Patricio {Portugal), Mr. Proenca (Portugal), Mr. Schiff

(France), Mr. Susumo  Sato {Japan), Mr. Vacani (ltaly), Mr. Warden (United Kingdom) and

Mr. Yukio Yahamoto (Japan).

The Working Party also received help from the CCIR Secretariat as & whole, in particular Mr. Rutkowski
and Mr. Struzak (Senior Counsellors) and Mr, Pavliouk and Mr. Nazlbandian (Counsellors), as well as from
Mr. Hunt, Chairman of Study Group 1.

I thank you all and wish the Handbook every success.

Chairman of IWP 1/5
R. LEFORT
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9.1

9.1, System
interferences (after system 2 by system
Struzak [57]) P12

17

Radio monitoring (general aspects)

Rvyszarp G. S'_rkuzax

Introduction

Unintentional radiations of EM energy, and undesired system responses,
are at present the major factors limiting the transmission of information by
electrical signals. Fig. 9-1 illustrates a simple case of two systems, indicated
by numbers 1 and 2. These systems produce both intentional and uninten-
tional emissions as well as desired and undesired responses which are po-
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9.2

tential sources of interference. Four general types of interference can be
distinguished: .

1. Interference (P11} generated by, and influencing system 1 (internal in-
terference or noise).

2. Interference analogous to 1, but related to system 2 (P22),

3, Interference (P12) resulting from unintentional radiations of system |
and undesired responses of system 2, i.e. interference of system 2 by sys-
tem 1.

4. Interference analogous to 3, but with the roles reversed, i.e. interference
of system 1 by system 2. ’

The number of such collisions grows with the number of co-existing sys-
tems.

As was pointed out in chapter 2, the number of systems and equipment gen-
erating EM emissions, or susceptible to them, rises with population growih
and the development of civilization. At the same time the requircments
concerning the quality of systems of information transmission and processing
rise, too. This is one of the reasons for the continuous growth of radio net-
works and services, improvements in radio technology, and introduction
of ncw frequency ranges. However, all of this is quite ineffective if adequate
requirements and standards, ensuring compatibility are not observed. Fail-
ure 1o establish such requirements and standards would undoubtedly lcad
10 a situation in which, not only radio and TV reception, but also ali kinds
of electrical communication and data processing would be practically im-
possible. The economic, political, and cultural damage to society would be
almost unimaginable.

The radio frequency spectrum is a natural resource, which is limited in
quantity. Consequently it should be used in a rational manner to avoid
wastage and pollution. Therefore, the factors causing wastage and pollution
should be investigated and eliminated, and appropriate steps should be taken
which will lead to an efficient and economic utilization of the resource.
A planned distrubution of spectrum use accommodating the needs of the
maximum nuraber of users should be the basic consideration. For any plan
of radio frequency management it is essential that a permanent record of
the actual realization of the plan and real occupancy of the spectrum be
maintained.

Therefore, in its utilization and management, it is necessary to check, ob-
serve and oversee constantly the radio frequency spectrum (or more gen-
crally, the electromagnetic environment). This is what is meant by the term
s»smonitoring” in radiocommunication.

Monitoring activity

In radio spectrum management, monitoring activity usually includes the
following: T

~ measurement of the spectrum occupancy,
250
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: - measurement of emission frequency,
— measurement of emission bandwidth,
- measurement of the modulation parameters,
— measurement of the ficld strength and the power flux density,
— measuring of the directions from which the emissions emanate,
! — identification of emissions, :
' - solution of radio interference problems,
— radio spectrum surveillance.

The activitics depend on needs which may be different in different countries
and in different regions within a country, No list of activities assigned to
a monitoring service can claim to be exhaustive. Technical developments
are bound to give rise to new problems, thus creating new functions for
a monitoring service.
Almost all measurements carried out for monitoring purposes are remote
measurcments under actual traffic conditions. According to the require-
ments, the measurements may be performed to obtain relatively instanta-
neous results at one location, or to obtain data compiled from several
locations or from long-term observations.
Measuring the spectrum occupancy is one of the basic activities in moni-
toring. Indeed, it gives a general insight into the world of radio waves and
it is indispensable for rational radio frequency management. Frequency
measurements are made mainly to determine whether the tolerances imposed
on the transmitter frequency (including stability) are observed. The ficld
strength measurements are needed 1o delineate the service arca of a trans-
mitter, 1o appraise the interference potential of radiation, to determine the
propagation phenomena eic. Direction finding is indispensabie in locating
an unidentified, or unknown, source of emission. It should be noted that
the Radio Regulations prohibit transmission without (or with false) iden-
tification. An emission can be identified by listening to, or analyzing, the
identifying message contained in the emission. In the absence of ,,bailt in”
information, any clearly distinguishing feature (including direction, lo-
cation etc.) of the emission may be used for identification. Solving an inter-
ference problem is another activity of great importance. Its substance is
jllustrated in Fig. 9-2.
The effectiveness of monitoring activity depends upon its organization and
the equipment used. Since it is based on remote measurements, antennac
play a great role. Other equipment includes various receivers and dedicated
" scts for measurements of frequency, field strength, spectrum occupancy,
power stability, bandwidth etc, and special equipment for identification of
radio signals.
Stationary radio emissions, i.e. emissions constant with respect to time, are
relatively easy to detect and identify. Monitoring of short-term emissions
with frequencies varying rapidly in an unpredictable manacr, is a difficult
task requiring especially effective methods and systems. In such cases the
search process has to be rcalized in a multi-dimensional space of time,
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frequency, direction, distance and the structural feature of the signal. The
process, consisting of many routine elements has, in this case, to be quite
rapid. Automation can accelerate the search process and improve it
greatly. ‘

The origin of monitoring activity was purely national. It soon became evi-
dent, however, that international cooperation in this ficld is indispensable
for achieving effective use of the radio spectrum. Now, the Radio Regu-
lations put great emphasis on international monitoring. It is also obvious
that an international monitoring system cannot be fully effective unless it
covers all areas of the world. Many countries cooperate in this field and
there are 157 stations participating in the ITU international monitoring
system. Fig. 9-3 shows their distribution. The ITU/IFRB registers the
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9-3. For international monitoring purposes the world is divided into 74 numbered areas according
1o the Geographical zones for Broadcasting given in Radio Regulations. The humbers appearing
between brackets on the map represent the number of monitoring stations notified to the ITU for
the Geographical Zones concerned [$]

results supplied by the stations and publishes periodic summaries. Mobile
and amateur stations, as well as transmitters working at frequencies over
28 MHz, are not internationally monitored: they are monitored at the na-
tional level.

9.3
9.3.1

up to 30 MHz
(after [16])

9-4, Typical H-Adcock
antenna system used
for direction finding

Monitor stations
Fixed mmonitor stations

Monitoring consists of different functions of various deprees of complexity,
requiring different procedures and different measuring instruments. For
example, the registration of call signs is simpler than direction finding, which,
in turn, is less complicated than power density measurements. The basic
goal of monitoring is to verify whether or not a given radio emission con-
forms to the ITU Radio Regulations and moreover, to detect and identify
unlicensed emissions, noise, and interference sources.

“Classical” radio monitoring is based upon a network of stationary receivers
searching for signals within given frequency, space, and time, intervals.

The detected radiation is further anatyzed and measured in detait. The re-
ceiver’s sensitivity and the features of the antenna determine the monitoring
threshold, i.e. decide, how weak emissions and how remote sources can be
detected and identified, -

Fixed monitor stations are located where radio reception is good. As an
illustration, in Fig. 9-4 a typical antenna system (contzining 24 dipole

antennae) used in direction-finding within the frequency range 1-30 MH:z
is shown. Fig. 9-5 shows the RAI (Radiotelevisione Ital ana) monitor station

* in Sorrento. This station is situated by the ses in the Bay of Naples, at an

altitude of 526 m. above sea level. It is located in a tower 42 m high and
consists of 2 measuring rooms and several additional chambers, The first
measuring room is cylindrical in form (10 m in diameter) and is situated
at the 1op of the tower. It protects field intensity meters for frequencies up
to 30 MHz and frame antennae. It is built entirely of dielectric materials,
so that the field strength inside it is practically the same as in free space.
The second room is 10 m below the first one. It contains measuring and
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9-5. Photograph of RAI monitor station in Sorrento (afier Lari [33))

monitoring equipment for the frequency range 0.1-1000 MHz which makes
possible field strength measurement, emission identification, frequency,
bandwidth and modulation measurements, and secording of the results.
Between these rooms a rotary directional antenna system for frequencies
over 30 MHz (for both vertical and horizontal polarizations) is located.
The whole construction weighs over 7.000 kg. At the base of the tower the
frequency standards are kept. The whole arrangement is supplemented by
technological equipment and additional rooms which are used for auxiliary
and social activities.

The station described aliows continuous monitoring of RAI transmitters
(AM and FM broadcasting and TV band I, IH and IV) as well as many
foreign stations. The total number of monitored emissions exceeds 1.500.

A typical site for a monitoring station js a flat, uniform and open terrain.
The area, covered by the station and jts antennae systems is of the order
of a few square kilometers. The limited sensitivity of a monitoring system
restricts the geographical area monitored by the station. Several such sta-
tions are thercfore necessary for u large region. Usually they are inter-
connected creating a regional monitoring network. For example, in Italy,
there are two such stations: the RAI main station (Monza)and a supplementa-
1y station (Sorrento). In Mexico there is a network of four main, 10 supple-
menlary and 2 mobile stations. Their distribution is shown in Fig. 9-6.
The nominal boundaries of the regions monitored by individual stations
are marked. The main stations cover a frequency range of 100 kHz-960 MHz
and are cquipped with radio direction finders. The supplementary stations
work principally within the VHF and UHF ranges.
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9.3.2 Mobile and transportable stations

Because of its limited and constant monitor ranges, fixed stations often
cannot fulfil all the duties connected with radio monitoring. At high fre-
quencies their monitor boundaries are limited by the horizon. When con-
flicting situations (interference) arise, the reaction time of the monitoting
system plays the essential role. The time between the appearance of a con-
flict and its solution should be minimum. In such cases the mobile stations
proved to be very useful, The number of necessary mobile stations depends
on several factors such as: the size of the region 10 be monitored, the number
of the emission sources, the mobility of the station and the accessibility of
the terrain, as well as the required reaction time of the system. The simplest
mobile station is an autonomic transportable setup (antenna, receiver, re-
corder, source of energy) adapted for work in different locations.

An example of &8 modemn transportable station is shawn in fig. 9-7.
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The signals discovered in the search post and designated for detailed ob-
ervation are distributed among the monitor posts. The more developed
systems enabling location of emission sources with a relatively high precision
are shown in Fig. 9-8. These stations can only be operated as transportable.
Mobile stations are usually installed in cars. Depending on the purpose,
their equipment and size can vary considerably. The smallest stations use
mini-cars and the larpest need heavy trucks of 15 m? or more of flcor surface.
Their mobility, limited by the vehicle's maximum speed, usually does not
exceed 100 km/h. An example is shown in Fig. 9-9. During measurements,
the speed is, as a rule, much lower and some monitoring fonctions cannot
be performed in motion at all, e.g. field intensity measurements with great
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antenna heights. Precision frequency messurements also cannot be made
in motion. If, c.¢. the measuring car moves with 2 speed of ¥ = 60 km/h,
the measured frequency differs from the real one by

Vv 60 km/h

— e = 5,610

e - i ms
because of the Doppler effect. However, using a mobile station instead (‘>f
a fixed one, the location of an unknown source (as well as other tasks) is
much easier and less time-consuming. ] :
OfF course, mobile stations located on air-borne vehicles have the greatest
mobility. Helicopter-stations are probably the most practical. An g?xample
is shown in Fie. 9-10. Use of a helicopter instead of a motor vehicle can



4-10. Photograph of
fiying mobile monitor
siation (courtesy of
Instytut Lgcznosci,

Poland)
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prove more economic and time saving. The cost of air surveillance can equal
10%, of the cost of the surface measurements. One can expect that in the
future, some of radio monitoring functions will be performed automatically
from spacecrafts orbiting the earth,

Automation problems in monitoring

General

The Radio Regulations determine the basic monitoring tasks. Generally,
their substance is the characterization of the environment. At a specified
observation point, three fundamental characteristics can be determined:

1. Time characteristic, i.e. emission intensity (energy, EM field intensity)
versus time (other variables, i.e. frequency, and direction being constant).

2. Frequency characteristic, i.e. intensity versus frequency (other variables
being constant).

3. Directional characteristic, i.e. intensity versus observation direction (all
other variables being constant).

To these three characteristics, other specialized data may also be added
(e.g. call signs). Modulation parameters of the signal are not mentioned.
In principle they can be deduced from the fundamental characteristics.

It shouid be pointed out, however, that these characteristics can be deter-
mined only up to a certain resolution. This resolution depends on the pre-
cision of the applicd methods and instruments, For example, useful infor-
mation is contained only in those points of frequency spectrum character-
istics which are separated from cach other by the bandwidth of the spectrum
analyzer. Similarly in the time characteristic, useful information is carried
by the points separated by the transient response time of the meter.

The three above mentioned fundamental characteristics comprise, in fact,
iz measurable quantities: intensity, frequency, time, and three other co-
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methods for the EM

ordinates, defining the direction. Such multidimensional space may be hard
to imagine, and for illustration we reduce the problem to three dimensional
space. If the vertical axis represents results of intensity measurements and
the horizontal axes — frequency and time, all measurements will form
a surface. In analogy with a geographical terrain, one can speak of hills and
valleys, corresponding respectively to the high and low intensities of the
observed radiations. The narrow-band radiations from sharp ,,peaks”, and
the broad-band from “flat tops”. The classic (point by point) measurements
give the heights of separate points of the terrain, while the continuous
registrations give terrain profiles. Examples are shown in Fig. 9-11.

cnvironment
characterization at

a given point

(after Struzak [57])

a. b — point-by-point
measurement, ¢, 4 = tima
charncieristic sampling,

¢, f — frequency characleristic
awpling. § —

choracterinic sampling

- In the case of Fig. 9-11a, each measurement is made at a different frequency

and a different time. This is typical point by point measurement technique,
appropriate for measurements of stationary processes. A result of the time
characteristic registration is illustrated in graphs 9-11c, and d, whereas
registration of the frequency characteristic appears in 9-1l¢, and f. All these
measurements define a part of the characteristic surface shown in fig.
9-1ig (for simplification, the random character of these processes is
neglected). Examining the diagrams, one can conclude, that the repetition
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9.4.2

$-12. Flow diagram of

of the measurements and the storage of the results will enable us to define
the whole surface, characterizing completely the electromagnetic envi-
ronment. .

This surface describes the EM environment at a given point. Distributing
a greater number of monitoring stations over a given territory, one can
define the EM environment in this region. Naturally, this increases the num-
ber of dimensions of our multi-dimensional space by the geographical
coordinates of these stations. Knowledge of the EM environment makes
location of emission sources possible. For such a location, or bearing,
knowledge of the EM environment at thres points is needed theoretically,
It should be pointed out, however that in essence, the EM environment
can be correctly described only by a statistical approach, by means of appro-
priate probability distributions.

Measurement procedure

As previously stated, the monitoring consists primarily of measurements
of several parameters. We will not discuss their specific measuring methods
here: the relevant information can be found in the publications listed at
the end of the chapter.

For discussion of a typical measuring process Fig. 9-12 may be useful.
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Three basic stages of the process are distinguished on the figure: conceptu-
al, planning, and execution stage. The first consists of preliminary plan-
ning. Its aim is to determine the type of measurements, number of
investigated parameters and objects, and determination of the place and
duration of the measurements. This enables us to plan the number of
sample-measurements {test frequencies, polarizations etc.), and necessary
equipment, and personel. At this stage the cost factor should be taken into
account. For example, with full automation the cost of work is low but
the cost of the equipment is high. On the other hand, traditional man-cper-
ated facilities are generally work- and timc-consuming; but the cost of the
equipment is low. However, in this case, it may happen that the mea-
surements needed may be unfeasible, because of technical difficulties, of the
allowed time, or other factors, The next step is to determine the procedure
of the measurements and its detailed program (including calibration) and
establish, if necessary, the form of the final report. All the measurement
details should be specified at this step. Remaining stages shown on the
figure are obvious, except perhaps for the “feedback™. This “feedback™
illustrates the possibitity of modification of the measuring procedure de-
pendent on the partial resuits,

In principle, the procedure has to be repeated for each measurement, and,
therefore, its standardization and automatization could be profitable.

Fig. 9-13 illustrates the measuring procedure with man-operated measuring
equipment. The operator plays the focal role in the measuring process and

9-11. Traditional
man-operated
measuring process
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performs all logic as well as executive functions. The measurement results
may be erroneous due to fatigue and the emotional state of the operator.
Some measurements, which require continuous concentration for a prolong-
ed period of time cannot be performed by one operator.

The number of measurements may reach millions at the national Ievel, and
the measurements are performed on thousands of objects. One measurement
may take several hours, if it is done manually, point by point, and an anal-
ysis of the results obtained is tedious and almost impossible if the number
of measurements is high.

it follows from these considerations that classic man-operated measuring
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equipment is not always fully adapted for monitoring service. Measuring
facilities should make possible:

— aulomatic processing of measurement results and data reduction,

— automation of the repstitive elements of the measuring process,
unattended measurcments,

— casy service, exploitation, maintenance, repair and exchange,

flexibility in collaboration with specialized auxiliary devices.

These requirements are not listed in any particular order. Moreover, many
of them are interrelated, e.g. there is an obvious correlation between the
cost and the technical and exploitational parameters. Another, more subile
correlation exists between the accuracy and speed of the measurements.
Moreover, some of these requirements are contradictory and a compromise
must be sought. Naturally, the compromise solution depends on the actual
technology. The cost factor plays a great role, too. At present, it seems that
the bsst solution from the technical point of view is an automalic, modular
mezasuring and monitoring system bascd on uniform technology, built of
standard elements and interconnecied in a standard mode.

Computer-controlled measuring/monitoring systems

An automatic, computer-operated measuring system, from the functional
point of view, idealizes the measuring and surveillance procedures.

The user gives a command and the computer executes all connections, reg-
ulations, eic. for him. This frees the user to concentrate on the measurement
problem itsell, rather than on measurements execution. By eliminating hu-
man factors, such as fatigue and operator mistakes, the computer makes
unattended, wninterrupted spectrum surveillance practical.

Identity of procedure at repeated measurement/surveillance functions is
guaranted by the program stored in the computer memory. Feedback from
the computer, dependent upon the data, can modify the program, making
the system self-adaptive to the actual circumstances without the operator’s
intervention. The versatility of this closed-Joop real-time operation is the
main power of computer-controlled systems. An almost unlimited number
of programms and applications can be derived for such a scif-adaptive
system. It can be instructed, for example, to skip the frequency measurement
or 1o repeat the measurement a given number of times, depending on a cer-
tain set of conditions. )

Editing the measurement/surveillance results caa be automatic and in
a convenient form of tables, diagrams or complete reports ready to read,
in the required number of copies, almost simultancously with the mea-
surements. ‘

The computer-controlled system not only makes available a hard copy of
measurements parformed, but also an analysis of their results. As the data
is automatically collected multiple calculations, complex comparisons, and
statistical analysis can be made, or data can be stored for future processing.
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process

9-15. Typical measuring

system hardware

Data being collected can be compared with previously stored dala, analyzed,
and sorted out, 2nd one can display only relevant, or alarm information.
The computer-controlled system can be automatically calibrated. Error
tables may be stored during calibration, and then used 10 remove systemat-
ic errors from measurements executed later, and thus the measurement
uncertainty is lowered.

The system’s functioning is illustrated in Fig. 9-14. The system is controlled
by orders given by the program stored in the computer memory, or directly
by user’s orders. The program can be formulated in one of the standard

languages (e.g. BASIC, FORTRAN) depending on the user requirements.
The vser can communicate with the system by teletype, display-unit key-
board, or a light-pen. Generally, the program consists of three parts: a part
concerning the connections, a part concerning the measurement procedure,
and a part concerning the storage, processing and presentation of data.

The automatic system replaces several specialized instruments. A specialized
program rather than specialized construction ensures adaptation to specific
measuring procedures. What is essential, is the fact that usually it is cheaper,
and faster, to furnish a new specialized software (measurement program)
then to make a new hardware (specialized measuring device).

The heart™ of the system is a measuring recgiver, while its  brain™ is the
computer. The receiver may be built along traditional lines; however all
its functions and regulations including calibration, have to be electronically
controlled. This of course dose not exclude its manual operation. The control
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9.4.4

signals may by of analogoue or digital type. The first solution may be cheaper
while thz second generally ensures higher accuracy. Th= receiver operation
is controlled by computer orders. To eliminate mistakes, status returns are
provided from the receiver indicating that functions ordered have actually
been accomplished. In case of faulty response, the order may be repeated
several times until 2 confirmation is obtained, or special diagnostic procedure
is ordered and appropriate information is displayed. Antenna system oper-
ation is similar.

Communication within the system generally uses a language other than the
internal language of the computer, or & symbolic language convenient for
the operator. The receiver can e.g. rezct oaly to the analogus signals, while
the computer uses digital ones. An interface plays the role of an interpreter.
In Fig. 9-14 a typieal computer coafiguration is shawn. It consists of a central
procsssor, memory and peripheral equipment.

Standard interface

As mentiened above, an interface is nzcassary to interconnect different mea-
suring instruments into a common computer<controlled system. The tra-
ditional approach has been to provide access to specialized control, data,
and status lines st an individual instrument Javel. Most of these systems
have been custom designed mixtures of standard instruments and special
products. This approach is, however, not practical when a number of de-
vices arc required to communicate with one znother. Thus, many different
interface adaptors are needed to cope with the wide varicty of signal ievels,
logic conventions, codes, command formats, and so on, which are in use
throughout the world. International agreement on a standard instrument
interface can remove many of the difficulties in handling incompatible in-
puts of a systern using devices of different makes, and a ot of work has
already been done by the IEC in this direction [27].

No single interface method can be a panacea for all possible interface re-
quirements, however, and the IEC standard is no exception. Nevertheless,
it has a great advantage, namely it is internationally agreed upon, and is
bzcoming more and more popular. Moreover, it is relatively simple and
economic because all its active circuitry is contained within the participation
devices, and the interface bus by itseif is entirely passive. Thus, the interface
circuitry can be tailored at @ minimum cost to meet the spacific needs of
an individual system. It should be pointed out that, as a practical matter,
device dependent operational characteristics have bsen excluded from the
IEC standards. In this way users retain maximum fisxibility in selecting
instruments from different manufacturers. Up to I5 units can be inter-
connected by the [IEC standard interface bus, cach of them being identified
by its own address {one address per one principal role).

Every device in the system is able to perform at least one of the roles of
TALKER, LISTENER or CONTROLLER (see Fig. 9-16). A talker can
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9-16. 1EC standard
interface connections
and bus structure

transmit a message to other devices via the interface bus, and a listener can
receive messages from other devices the same way. Some devices can per-
form both roles. For example, a programmable instrument is the listener
when it receives its control instructions, and the talker — when it sends its
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measurements. A controller manages the operation of the system. 1t de-
signates which device is to send or receive data, and it may also command
specific actions within devices. Several fisteners can be active simultaneously,
but only one talker can be active at a time. The communication between
the devices in a system is therefore organized in a similar way as in a well
organized meeting, where people talk one at a time while the rest listen
to what is of interest to them, and the chairman decides who should do the
talking at a given moment.

The signal lines of the interconnecting cable are grouped into three sets
according to their function. Each “DATA" line carries coded messages in
bit-parallel, byte-serial form, to and from devices with each byte being
transferred from one talker to one or more listeners, Data flow is bi-di-
rectional, and the same lines are used both for input program data and for
output measurement data from an individual device. Data is exchanged
asynchronously making possible compatibility among a wide varicty of
devices. The message transmitted via these lines may also be a device's
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address. In this case, all devices in the system should listen to see whether
they are being called. A spxcial “ATTENTION™ sign is therefore given on
one of the five “GENERAL INTERFACE MANAGEMENTS" lines. Tt
attracts the attention of all devices and intorms them that this message is
of general interest and shouid be listened to by everyone.

The interface “CLEAR" line provides a uniform starling point for any
operation, The “SERVICE REQUEST™ line is used by a device to indicate
jts need for attention from the controller. The “REMOTE ENABLE” line,
switches devices from local (front panel) control to system (remote) control,
The “END-OR-IDENTIFY" line is used to execute the so-called pooling
sequence.

Three “HANDSHAKE" or “DATA TRANSFER" lincs help to organize
a transfer of each byte of data on the data lines (see Fig. 9-17). The “DATA
VALID" line indicates that the message at the moment is correct and suit-
able for acceptance. Via the “NOT READY FOR DATA” line listeners
indicate whether they are ready to listen to new information. The function
of the “DATA NOT ACCEPTED" line is sclfexplanatory.
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Building up an automated measuring system of instruments already ﬁl.ted
with standard interface circuitry is greatly simplified: it is enough to link
together cooperating devices by interface cables. Hovewer, the standard
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interface does not simplify the process of designing and programming the
measurements. Although the common interface solves the electrical and
functional problems of communication between devices in a system con-
figuration, it docs not eliminate operational differences. Instruments may
have different programming commands, data output formats, etc. Neglect-
ing the syntax needs for each device can cause readings 1o be taken at the
wrong time, cause the controller to interpret the data incorrectly etc.
There are many instances where interactive instruments in system configu-
ration provide superior results, as compared with conventional manual
methods offering: '

— more consistent results in repeated measurements (elimination of oper-
ator errors),

— greater efficiency because systems are generally faster,

- more thorough testing because system speed allows more parameters to
be measured in a shorter time,

— results expressed in enginecring units,

— greater accuracy because system errors can be measured automatically,
stored and accounted for in the results,

— automatic reduction and statistical analysis of measuring data in a real
time,

— automatic transmission of measuring data to the central base or other
places, via telecommunication links.

Three things now combine to speed up applications of computerized mea-
suring systems. These are: the existence of the standard IEC interface, the
growing number of “smart™ interactive instruments with built-in interface
circuitry, and the broad choice of controliers, from the simplest readers to
computers.

Examples of smart instruments
and computer-controlled systems

General

Figs. 9-18 and 9-19 show two examples of possible systems. In the first
system, the controller, receiver, and other units, are directly interconnected
and built-in into one compact, automatic device, capable of unattended,
automatic operation.

Only a few years ago the measuring/monitoring systems were quite large
and heavy. Since then, great progress in miniaturization of electronic eguip-
ment has taken place and now, with the LSI technology, a series of scparate
functional blocks can be realized as single chips with a volume of only
a few cm®. Thus, the possibility of integrating the whole system into one
“smart”, device, relatively small in volume, with built-in controllers, micro-
processors, memories, multiplexers and other components is becoming quite
practical. ‘
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9-18. Smart,
self-contsined

monitoting/measuring

receiver

A smart integrated device could carry out practically all monitoring activity.
The possibilities of processing the measurement data, however, are not so
great because of the limited power of its internal intelligence. Although
monitoring receivers may be very fast and able to survey thousands of radio
channels per second, in some instznces they may be too slow. For example,

Casselte/ dise uril
Conitrol unit !

if the 10 kHz to | GHz frequency range should be surveyed with a reso-
lution of 100 Hz then the necessary numbsr of frequency steps is 10°:10? =
= 107. Assuming 10 psec per step, the surveying of the whole range lasts
107-107% = 100 sec. Thus, each chanoel can be surveyed periodically once
every 100 sec only. If some additional measurements, or records are re-
quired, this period must be even longer, and during this time the electro-
magnetic environment can change considerably.

This difficulty can be overcome simply by multiplying the receivers and
dividing the frequency range into smaller sub-ranges, so that each receiver
scans one sub-range only, and the total time can be shorter. (The same can
bz done with radio direction finding). In order to perform additional measu-
rements, specific dedicated wunits, and auxiliary receivers are used in
a “master-slave™ configuration. In this configuration one {master) monitor-
ing recziver controls several auxiliary (slave) receivers and related instru-
mznts. “Suspected™ signals can antomatically be transferred to slave receivers
and related units for detailed examination, or record, or they can be pre-
sented directly to the operator for special observation.

The second real-time system would be much more powesful. As can be
seen from Fig. 9-19, it consists of several smart receivers of the type de-
scribed above, gs well as slave receivers, and related auxiliary devices. All
these instruments cooperate through regiomal computers with a central
computer and data base. In this way, a receiver with a relatively small
internal intelligence can take full advantage of the much greater hardware
and software resources of the supporting computer.

The receivers and computers can be located at various places and inter-
connected via telecommunication links, wire or radio. They may be station-
ary or mobile, installed on a vehicle, helicopter, ete. Such a distributed
system can make unattended radio surveillance over large peographical
areas extremely effective. The system can cooperate with 2 central register
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9-19. Auvtomatic,
real-time monitoring Lentrot
system, distributed
over a territory and dota base

of Jegal radio frequency users and support an up-to-date EM environment
data file. The automatic comparison of both information, on legal and actual
signals can be an invaluable aid to the radio frequency administrator,

Lozofion A Locofion 8 Locetion X {ocolion £
Smart recerver

Slave receivers

Same o3 ot Some as at
| focation A locotion A
Dedicoted unifs

I__I_l |__|__l

Regional IRRTOURRURI L
computer {*°° compuler

Same asat |
focotion A

frpon # | [ Region

teMpuler and

controlled by a central

comptter

9.5.2
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Performances of computer-controlled instruments and systems are in-
comparably higher than traditional man-controlled ones. For an illostration
of the complementary functions of computer and measurement parts of the
system, consider a measurement of channel occupancy in a communication
band by an automatic spectrum analyser. During a week of continuous
measurements the system gathers 7 x 107 measurement results. The computer
processes the data statistically during the few milliseconds following each
measurement when the measuring hardware is busy tuning to the next
channel. Statistical summary files recorded each hour are compiled daily
and at the end of week. They are compared with nominal frequency assign-
ment data, listed and graphed, producing report-ready material.

Smart test receivers

As far as can be determined, one of the first computer-controlled radio
monitoring receivers i the FSR — Fairchild Surveillance Receiver (intro-
duced 1974). It was designed specifically for wide range surveillance, fre-
quency managernent and EMC analysis applications, and for several reasons
it may be considered a typical example of smart test receivers of this type.
The FSR features include 5 kHz to 16 GHz frequency range and 10 4B
noise figure, 120 dB dynamic range and synthesized lJocal oscillators. It can
be operated alone as a semi-sutomatic receiver with scan and direct printer
drive or it can be externally computer-controlied in an a2utomatic detection
system. :

The key to the flexibility of the FSR and to its self-contained capability is
its microprocessor logic control which is added to functional blocks already
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encouniered in traditional test reccivers. The processor contains most of
the features of a general purpose computer: arithmetic logic unit, inputfout-
pat capability and central data memory with about 40 Programmable ROMs,
Each PROM is programmed with specific instructions, which are erasable
and alterable by the user according to his particular requirements. The mi-
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croprocessor provides the interface with an operator or with peripheral
(remote) equipment. {t also contains diagnostic capabilitics for self-testing
and pinpointing of defective subassembles. Modular design and construction
not only results in a variety of options of the basic instrument version but
also facilitates its field maintainance. As a result a faulty module can be
found and replaced, and the receiver reactivated, within minutes.

In a stand-alone configuration, the receiver can be controlled by the oper-
ator on the front panel keyboard. When scanning, it may use cither linear
or logarithmically expanding frequency step sizes. With Jinear scanning, the
receiver bandwidth remains fixed throughout the scan, and when log scan
is selected the bandwidih adjusts automatically to the variable step size.
When the receiver is under the control of an external computer, the micro-
processor interfaces directly with them without additional converters.

A functional block diagram of the microprocessor is shown in Fig. 9-20,
and 9-21 shows a flow chart of its basic control routine.

After determination as to whether local or remote control is selected, the
processor scans the front panel keyboard switches for status changes, and
appropriate sub-routines are called when a change is noted. Afier exercise
of the relevant sub-routine, control is returned to the main routine.

A control loop is completed by taking a digital voltage meter reading and
displaying it. When a scan mode is selected, the DVM loop is completed
prior to the next frequency setting. All these capabilities are contained in
a box 180 mm high, 450 mm wide, 600 mnm deep, weighing about 30 kG.
Fig. 9-22 presents another (introduced in 1980), smart, test receiver for the
10 kHz to 30 MHz frequency range: the RS-ESH3. It is intended primarily
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for radiosurveillance and monitoring, for lective measurements of field
strength, and for remote frequency measurement. Its functioning is similar
to that described above. The ESH-3 contains standard test receiver circuitry
(synthetized local oscillator, triple frequency conversion etc.) and two built-
-in microprocessors. The processors control all receiver modules, calibration
and measurement procedures, readings, standard-bus imterface, as well as
the XY/ YT outputs provided foc registration for monitoring and surveillance
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purposes. The calibration procedure is automatically controlled over the
whole frequency range by just one calibration. A 13-digit alphanumeric
readout serves for output deta display and for communication with the
operator for proper data input. Storage of ten complete settings and data-
block for automatic scanning, as well as their automatic recovery in case of
powet failure, is possible.

The receiver can cooperate with 2 computer via the IEC interface bus, as
listener or talker, taking full advantage of its support.

It is also ‘able to talk only when registering results without computer-con-
troller, using a printer or a digitsl cartrige tape recorder.

9.5.3 Smart spectrum analyzer

Fig. 9-23 presents a modern (introduced in 1980), smart, computer control-
lable spectrum analyzer for the 100 Hz — 22 GHz frequency range: the
HP8566. As is common in spectrum analyzers, the input signal goes through
a series of frequency converters to & fixed IF frequency, where the resolution
bandwidth filiering takes place. A synthetized local oscillator brings its high
frequency aceuracyand stability to microwave spectrum analysis. High res-
olution and sensitivity, and a large spurious-free dynamic range make pos-
sible precision measurements of small signals in the presence of Jarge ones
over the entire frequency range up to microwaves.
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9-23, Smart spectrum analyzer, 100 Hz to 22 GHz, Model 8566. Measuring range (without antennac):
—134 dBm 1o + 30 dBm Digital display. Tunable marker with amplitude and frequency readout.
Frequency resolution 10 Hz. Spurious responses 70 dB below input signal for signals up to — 40 dBm.
Dimensioris: 280 x 430 x 600 mam, weight ca 50 kG (courtesy of Hewlett Packard, USA)
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The analyzer uses threc built-in microprocessors. The first microprocessot
is the main internal controller. It controls all functions of the instrument and
the interface with the operator, via the analyzer keyboard. The second one
is responsible for cooperation with other devices via the IEC interface bus.
The third microprocessor controls the data storing, processing and dis-
playing. The detected signal is sampled and stored digitally with 1000 x
x 1000 point resolution, This makes possible not only a flicker-free read-ont
by the display circuits, but also comparisons of two spectra, and other data
manipulations such as, e.g. subtracting errors stored during a calibration
sweep. The storage/display processor also handies the storing and display
of control settings and the generation of the graticule on the CRT.

The analyzer’s main microprocessor automatically adjusts the sensitivity of
the knob and step keys for the current rauge of each parameter. Coupled
functions, such as resolution bandwidth and sweep time change automat-

jeally as frequency span is reduced to meintain a calibrated display.

Moreover, it enhances analyzer performance by calculating corrections which
are automatically introduced to compensate for errors due to hysteresis,
self-heating, and transient effects. All this activity is controlled by the
program stored in an internal memory. The total number of machine in-
structions exceeds 10,000.

In operator-controlled mode, the operator changes control settings through
the control keyboard or knobs. Once the analyzer's controls have been
adjusted, all settings can be saved in memory and later recalled to repeat
the measurements. An internal battery maintains the contents of the memory
in the event of a power failure,

In computer-controlled mode, the analyzer cooperates with an external com-
puter via the TEC-bus. All front-panel control settings (except for video
trigger level and CRT intensity) can be set by means of the bus, and all of
the information stored in the analyzer is available to the bus controller.
The controlling computer can also write into the analyzer's memory. This
enables us to take data, re-format it in the computer and then display the
information in the new format.

HF mobile signal acquisition and direction
finding system

The computer controlled system shown i Fig. 9-24 is designated primarily
for application in mobile monitor stations, making the radio direction
finding (azimuth and elevation) possible within a few seconds, with a few
degrees of accuracy.

The method of determining frequency and time characteristics is similar to
those described previously. )

The direction finding of an incident radio wave is based on a principle
similar to that of determination of the sun's position from the shadows of
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known objects on the earth’s surface. The EM wave emitted by a source
induces currents of unique amplitude-phase distributions in the conducting
elements of the vehicle. Knowing this distribation, one can calcuilate the
direction from which the wave emanates. For this purpose special probe-
-antenmae are located in suitable places on a vehicle. The signals induced
in these antennas come through a suitable switch, to a dual channel receiver,

Adrezi . o)
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/ ﬁ'j receivers ,._] r Kegoiord
QL Switchiag

maleix Kincompeler Hoxlor
Measuring ofesnds
Dugl - thondt A/l
OF receiver [onveriors
\ )
9-24. HF mobile
wnal 1051

st slion o J 2
system Model TCl 80} .
(after (24D |

A = RiThOME version,
b — vehicular version

where their amplitudes and phase angles are measured. These data are used
by the computer for direction finding calculations, together with constant
anlerfna factors stored in the memory. These calculations involve vector and
matrix manipulations and simple interpolations.

The operational memory of the computer used has a capacity of 16 K bytes
minimum and an external memory of up to 150 K bytes.

As was mentioned, the system in question can be installed on a ship, car,
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or aicplane, or on a stationary monitor station. Fig. 9-24 presents another
version of the system, adapted to direction finding with higher accuracy.
For this purposcs, the antenna system is more complicated.

9.5.5 HEF stationary signal acquisition, direction
finding and emitter location system
This stationary, computer-controlled system, shown in Fig. 9-25 is intended
for rapid HF signal acquisition, direction finding and emitter Jocation. It
obtains elevation and azimuth angle-of-arrival information and combines
it with ionospheric data to give geographic coordinates of the emitter. The
system uses an anlenna array consisting of 20 inward looking, log periodic
b e s
1 remgle
| | J location
Switching Signot Site .
& teamiorming orquisition  |— computer .m&mm
matrix equipment system canspie
L~
I Meosuting & OF and trans-
commumoation milter location
{05 - gervadi dual- receivers d.sploy
p0icrRd crlenng
orray

9.25. Block diagram of the HF stationary signal acquisition, direction finding and emitter location
system Model TCI 410 (after [23D- The computer controls the switching matrix and beam forming
petwork to provide appropriate beams. The dual channel receiver provides signal amplitude and
phase information in & digital form which is used by the computer. The antenna system diameter

is 300 m

dual-polarized clements (40 m high max). The antenna clements are over
a common ground screen and in the center of the array is an underground
operations room housing all system electronic components. The array
patterns are stored in the computer. The system measures both signal am-
plitude and phase on each of two channels simultaneously. This provides
direction-finding processing against weak and short duration signals in spite
of modulation and fading. The D.F. instrument accuracy is of the order
of 1°, and D.F. computation time is about 1 second. The HF spectrum is
swept at a rate of 10 MHz to 20 MHz per second and & new signal can be
acguired typically in one or two seconds. Once found, the signal can be
cxamined by optional recognitionfclassification equipment. The classifi-
cation process typically takes approximately one-balf second per signal.

Consequently, a signal can automatically be found, recognized, classified
and geographically located in about five seconds. The location accuracy
from a single site is about 25 km to 400 km range and 10% of range to
1000 km. Two or more distant systems can be netted to provide much higher

accuracy using triangulation.

275

+z



References

1. Barghausen A. F., Radio spectrum measurement system-current applications, ex-
perience, results, IEEE Trans. EMC, July, 1974,

2. Boscamp von G. V. W., Facilities and organization of modern radio monitoring ...,
ITU (JFRB) Seminar on Freq. Managem. and Use of Radio Freq. Spectrum. Doc. 27/
74, Sept, 1974,

3. CCIR Doc. 1/152: Electromically controlled receiving and measuring system for rodio
moniroring service, Fed. Rep. of Germany, Sept, 1977.

4. CCIR Handbook for Monitoring Srations. Publ, ITU, Geneva 1968,

5. CCIR Vol. I: Spectrum wiilization and monitoring, Rocommendntions_ and Reports
of the Internationsl Radio Consultative Committee CCIR, 1978, ITU, Geneva, 1978.
€. Cherot T. E., Electromagnetic comparibility operational system, 1968 1EEE Electrom.
Compatib. Sympos. Rec., Seattle Wash. July 23-25, 1968,

7. Creel 1. D., The application of computers 1o radia engineering functions, IEEE Trans,
on Comm. Technol., Dec. 1970.

8. Cunningham M., Wheelwright L., Introducing the automatic spectrum analyzer,
Hewlet Packard Journ., June 1972,

9. Danzensiein K., Frequenzfernmessung mit VHF-UHE Empfangern, Funkiechnik
No. I1, 1977.

10. DiMarzio A, W., Conceprs in computer control for frequency surveillance, IEEE
Trans. AES No, 4, 1970,

11. ElBehery J. N., MacPhie R. H., Maximum likelihood estimation of the mimber,
direction and strengths of point radlo sources from variable basellne interferometer data
1EEE Trans., AP-26, March 1978,

12. Fox K. A., et al., A human interface for e measur ¢t systems, Hewlet
Packard Journ., April 1972,

13. Frazer J. W., et a\,, Time response and bandwidth in laboratory eutomation, Proc.
1EEE, October, 1975,

14. Freytag H. H., Kricgskotten-Thiede A., Konception programmierbares Messgerate
mit IEC-Standard.-Interface, Frequenz No, 7, 1976.

15. Freiss W., Feaiberwachungssystem fir Fernsehsender, Neues v. Rhode u. Schwarz,
Juli, 1975,

16. Funkerfassung; Rhode u. Schwarz, Munchen (Application Note, 1978).

17. Gabriel W., Adaprive arrays — an introduction, Proc. IEEE No. 2, 1976.

18. Gentile G., The VHF and UHF receiving aerials at the RAI's Monitoring Station
at Sorrento, EBU Rev. A, Feb, 1970,

19, Gentile G., Field strength measurements ot frequencies in excess of 30 Mc/s, EBU
Review, 1966, No, 97A.

20. Geringer N., et al., Mobile unit for measurement of fieldstrength and frequency,
EBU Tech. Monograph, No. 3113, Bruxelles, 1973.

2], Hagn G. H., Dayharsh T. J., Land mobile radio communication channel occupancy,
waiting time, and spectrum saturation, IEEE Trans., Vol. EMC 19, No. 3, 1977, p. 281.
22. Hagn G. H., Jansky D. M., Dayharsh T. J., Definition of a measurement capability
Jor spectrum managers, IEEE Trans., Vol. EMC 19, No. 3, 1977, p. 216

2). HF signal acquisition, direction finding and emitter location system model 410,
TCI-Technology for Telecommunications International, 1978 (technical data).

24. HF vehicular signal acquisition and direction finding system mode! 801, TCl-Tech-
pology for Communicatlon International, 1976 (technical data),

25. Holdway 5. N., Humpherys M. D., The next generation RF spectrum analyzer;
Hewlett Packard Joumn., June 1978.

26. Humann K., Definition und Messung der Empfindlichkeit von Funkempfangs- und
Peil-geraten, Tech, Mitt. AEG — Telefunken, No. 7, 1977.

27. TEC Doc. 66 (Bur. Centr.) 22: Interface system for programmable measuring ap-
paratus. Byte serial bit paraliel, (Nov. 1975).

276

2B. ITAC — Spectrum engineering — the key 1o progress. A repott of the ITAC on
technical policies 2ird procedures for increased radio spectrum utilization, New York,
1968,

29, Kay R., et al., Cost effectiveness of computerized laboratery auromation. Proc.
IEEE, October 1975.

30. Kemper H., Funkdberwachimginet= Mexico, Neues v. Rhode 1. Schwarz, No. 35,
1972

31. Klaus J., Wie funktioniert der 1EC-Buy, Elektronik, No. 4 and 5, 1975,

32. Kiinzle H., Die Radiokontrolle, Tech. Mitt. PTT, No. 3, 1972,

33. Lari G., Le centre sarellite de controfe de la RAT a Sorrento, Revue de PUER A,
No. 119, 1970.

3. Linkwitz S, H., New performance standards in micrawave spectrum analysis, HP
Journal, August 1972, p. 2.

35. Loughry D. C., A common digiral Interface for programmable instruments: rhe
evolution of a system, Hewlett Packard Journ. Oct. 1973

36, Loughry D. C., The HP interface Bus: Current Pperspectives, Hewlett Packard
Jouen., Jan. 1975.

37. Lutzmann R., TV Uberwachungsetnrichtungen rur zentralen programmierten Fern-
sehsender-Uberwachung, Neuts v. Rhode und Schwarz, Sommer 1978,

38. Matheson R. J., A radio spectrum measurement system for frequency management
dara, IEEE Trans. Vol. EMC 19, No. 1977.

39. Matheson R. 1., Automated spectrum analysis, Proc. 1EEE, No. 4, 1978.

40. McKay H. D., Application of computer-conirolled spectrum surceillance systems
to crime countermeasures, 1EEE Trans. Vol. MTT, No. 1, 1972,

4f. Means D. L., Microwave mobile monitoring technigues, IEEE Trans. Vol. EMC 19,
No. 3, 1977, p. 236.

42, Mcticalfe D., Jfustrument interfaces to ease system design, Electron, Engineering.
Febr. 1977.

43. Mezin V. K., Antomatic radio direcrion finders, Sov. Radio, Moskva, 1969 (in
Russian).

44. Minor P, C., Wood L. E., 4 new state-of-art in EMC field measurements instru-
meniation, IEEE Trans. vol. EMC 19, No. 3, 1977.

45. Monitosing; ITU/IFRB Seminar on freq. managem. and use of radio freq. spectrum,
Doc. 1776, Sept. 1976.

46. Nelson G. B, Ricci D. W., A practical interface system for electronic instruments,
Hewlett Packard Journ., October 1972,

47. Parker P. N., The organization and operation of a radio-monitoring sercice, 1TU
(IFRB) S=minar on fre3, minagem. and use of radio freq. spectrum, Doc. 30,74,
Sept. 1974,

43. Pittman P., The microprocessor in a dara acouisition system, Electron, Nov. 1975,
49. Radie Regulations; Publ. ITU, Geneva.

30. Radio survsillance — the system approack: Racsl Rav, No. 1, 1978.

51. Rappolt F., Stons N., Receivers for signal acquisition, Microwave Journ., Jan. 1977.
52. Ricei D. W, Stone P. §,, Putting together instrmmentation systems at mininum
costs, Hewlett Packard Journ., Jan. 1975.

33. Ryan T., New Foirchild receiver containg mieroprocessor, Electronic Warlare,
Sept./Oct. 1974,

54. Smith D. D., International telecontmunication controf, A. W. Sijthoff, Leyden, 1969
55. Stawski W., A review of foreign approaches to radio-monitaring systems, Problemy
tcznoici, No. 116, 1976 (in Polish).

56. Spaulding A. D., Hagn G. H., On rhe definition of spectrinr occupance, IEEE Trans.
Vol. EMC 19, No, 3, 1977, p. 269. '

57. Siruzak R, G., Today and tomorraw of radio monitaring instrumentation, Problemy
tacznoici, No. 116, 1976 (in Polish),

nrrky



e

& ¥ Aintanfe ¥
¥ caased
58, Struzak R. G., Terrestrial electromagnetic enviromment. 1n this book, Chapter 2. .
59. Vakin S. A., Shustov L. N., Elecironic-counier-measures and radio-surceillance, : - e ni%-‘:_fg;i oy
Sov. Radio, Moskow, 1968 (in Russian). . , fo resitve Estabirsh conteolting
60. Vincent W. R., Examples of signals and noise in the radio-frequency spectrum, 1EEE. _ Cass closed i £ ﬂuf:dﬂf‘"y gp
Trans., Yol. EMC 19, Neo. 3, 1977, p. 241, . é L ending station
. 137 oL
L. L. o - . ’ est controfl
o e W—!m P . LM ) mﬁ!rmd' ﬁ‘fmm rnkzmg
‘ - i =
Inerfaerce s of Fraquncy Tog Aulevant . - {Peampatibuity Cren
recarved S5 51008 ous Aestory survyed : —_— e |
LI . Adrrse
. complomant of
o5 aclion taken
4! :
144 Check
Reaest 1hatl for ciearance of
Adnise odusiments . mlerlerence
complainant be made
é “
5 -
Lase clased
—é ! . Qequest confrali:ng
H Julardy fase
| approprigaie
action
1
149 N
Check
[ for ¢learance of
150 interference
Refer full detoils \
of coss 1o admvinstre : .
ton for Octon | s 2
: I3/ Wl Has
Lose gl 5 | | {ase S nterference
Fittar ngua{;q i closed cepsed
Awoit rasuits ;
3 )
: | R
- . authorily fa
Sonilor frequancy ! |
Case gwarhing for “mfﬂ i H apgxg;rm
futher report ; aoys : |
! j " i
25 é ‘ {3 i B Ideniify "28&“_* / # { for nfgf-:‘r‘lc: of
wlerfarence "l stra bion of wonited
mﬁlg:mﬂ observed ’:";-sgg? l"’g“”{"‘f"""ﬁ oug- i interference
ity | ——a—
2quipment )
wlerference
. ceased
PN ]

9-2. Typical flow chart for radia interference investigation procedure (after Parker {47D

|[Eslabi:sh contraliing
outharity of
lending stahon

controlh
ly take
e aclion

Ascerfoin
mM&tz of
ity

compat s
- o L [ 1an 5 T . % -




CCIR

INTERNATIONAL RADIO CONSULTATIVE COMMITTEE

P
p o X
s g

33
%] 2
NNTIR )
WY B

i
. tar
o SN ﬂz‘d

Arktaa

et =

HANDBOOK

FOR
MONITORING STATIONS

INTERNATIONAL TELECOMMUNICATION UNION Geneva, 1968

i

INTRODUCTION BY THE CHAIRMAN OF CCIR WP /3

It gives me great ph 10 p the updated edition of the Handbook for Monitoring Stations.

I Resolution 16-1, the XIth Plenary Assembly of the CCIR (Oslo, 1966) decided 1o provide monitoring
station operstors with 8 training aid geared to their very specific needs and, in implementation of the provisions
of the Resolution, the CCIR published the first edition of the Handbook in 1968 (supplemented in 1971).

Our thanks go to the eight administrations and two international organizations who drafted the Hand-
book’s 19 chapters, for their work has proved very useful to monitoring sations, as the members of IWP 1/5 can
certuinly confirm. However, no provision was made to prevent the Handbook from “sgeing™ and, consequently,
some of the administrations sttending the Final Meeting of CCIR Study Growp 1 (Geneva, 1981) were peompted
to request the establishment of an Interim Working Party 10 be responsible for updating it. To this end, IWP 1/5
was set up under Decision 53 of the XVth Plenary Assembly of the CCIR (Geneva, 1982); it is composed of
representatives from ten administrations, three international or industrial organizations and the IFRB.

A its first meeting in Paris in 1982, IWP 1/5 decided to retain the originsl tides of the 19 chapters and to
add a new chapier on space station monitoring.

With regard to organization of work, it was agreed that the worklosd should be shared smong the group
and the following allocation of tasks was approved:

Chapter France Chapter 18 France
Chapter Japan Chapter 19 IFRB
Chapter 10 Portugal Chapter 20 Germany (Federal Republic of)

The members of the IWP representing the above-mentioned sdministrations snd organizations were
therefore appointed coordinators for updating the chapters assigned to them, but they were to receive aasistance
from the group as & whole.

The IWP also decided:
= that the new or revised wexts should be submitted for comment and, possibly, amendment:

—  that the chapters should not be sent to the CCIR, Secretariat whhout the consent of the ITWP,

The coordinators were naturally requested to take account of wchnical progress in radio monitoring,
together with the development and impact of the use of the VHF, UHF and even SHF bands.

The IWP has worked well on the sbove basis and an excellgnt atmosphere has prevailed throughout its
nine meetings. It bas fuifilled a significant part of its mandate by supplying the CCIR with material for a Second
Edition of the Handbook, However, 1 venture 1o hope that CCIR Study Group [ will take the necessary steps to
arrange for the text to be updated a3 training methods (such as the use of audiovisual facilities) and monitoring
techniques evolve, thus ensuring that the Handbook remains a valusble tool for monitoring station operators,

Finally it would not have been poasible to update the Handbook without the assistance of the following
members of IWP 1/5, listed in aiphabetical order:

Mr. Balfroid (IFRB), M: Barbedoro (ltaly), Mr. Betts (United Kingdom), Mr. Bisner (France),
Mr. Boticher (Federal Republic of Germany), Mr. Canci {EBU), Mr. Dell'Ovo (Italy), Mr. Fevereiro
(Portugal), Mr. George (Federal Republic of Germany), Mr. Giacopello (laly), Mr. Khatami {Islamic
Republic of lran), Mr. Kitpatrick (United States of America), Mr. Labsy (CCRM, Belgium), Mr. Luther
(United States of America), Mr. Moreno Peral (Spain), Mr. Nedelchev {Federal Republic of Germany),
Mr. Naksgawa (Japan), Mr. Olms (IFRB), Mr. Patricio (Portugal), Mr. Proenca (Portugal), Mr. Schiff
(France), Mr. Susumo  Sato  {Japan), Mr. Vacani (italy), Mr. Wacden (United Kingdom} and
Mr. Yukio Yahamoto (Jupan).

The Working Party also reccived help from the CCIR Secretariat as a whole, in particulsr Mr. Rutkowski
and Mr. Struzak (Senior Counsellors) and Mr. Pavliouk gnd Mr. Nalbandian (Counsetlors), as well &s from
Mr. Hunt, Chairman of Study Group 1.

1 thank you all and wish the Handbook every success.

Chapter | Portugal Chapter 11 EBU
Chapter 2 United States of America Chapter 12 Japan _
Chapter 3 United States of America Chapter 13 Franoe, United States of America
Chapter 4 United States of America Chapter 14 United Kingdom
Chapter § United Kingdom Chapter 15 luly
Chapter 6 Germany (Federal Repubiic of) Chapter 16 Iran (Islamic Republic of)
Chapter 7 United States of America Chapter 17 France
]
9

Chairman of 1WP /5
R. LEFORT
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RADIO FREQUENCY SPECTRUM MANAGEMENT
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The purpose of these notes is to provide information on the preparstory
work for two major world-wide Radio Conferences planned for 1992 and 1993,
respectively,

1. INTRODUCTION

In 1989, all countries-members of the ITU decided st the Plenipotentiary
Conference in Nice (France) that two World Administrative Radio Conferences
{WARC3) will be held during the 1990 - 1954 period. Ths first of these (WARC-52)
will be held in)992. The second WARC will be s high-frequency broadcasting
planning conference to be held in 1993. Preparatory work for these conferences has
already started in the framework of the Intsrnational Radio Consultative Committee,
CCIR.

WARC-92

The World Administrative Radio Coaference (WARC-92) will be held in Spain in
February 1992. This conference will deal with muny questions of proposed
reallocations to many frequency bands across the entire radio spectrum, establishing the
basic frequency bands that various services may use, After the frequency bands are
established for various services, separate conferenced ean be set to sddress the
particulars of how radio bands are to be used within a given service. For example, a
1993 WARC is already planned to determine exactly how HF broadcasting assignments
are to be made within the bands allocated by WARC-92,

In June 1990, based on requests from member coudtries, the ITU announced an
sgenda for WARC-92. The sgenda allows the possibility of many spectrum allocation
changes, including sllocations for direct broadcast sateliite digital sound and HDTV,
additional HF broadcast bands, mobile service for aircraft and other uvses via satellite
(including low orbiting satellites), etc. Since there will be many more proposed
allocations that there are frequency bands 10 accommodsta these silocations, and since
many countries have differsnt relative priorities whigh they assign 1o the uses of the
spectrum, there will be many difficult decisions made at WARC-92.

Preparations for this conference are being done jn a CCIR Joint Interim Working
Party JIWP WARC92. This party is developing the necessary sharing criteria; and
preparing the consolidated CCIR report to WARC-92. It will meet in Geneva in
March 199. The Chairman of JIWP WARC-92 is Mr. M. Hunt from Canada. The
following specific issues will be considered by the conference.



High-frequency broadcasting

The agenda of the conference includes consideration of possible exleasion of the
frequency spectrum allocated exclusively to HF broadcasting, which implies that any
possible additional allocation of frequency spectrum 1o the broadcasting service will be
on an exclusive basis. JIWP10-3-6-8/1, under the Chairmanship of Mr. J. Finnie {UK)
deals with inter-service compatibility between the broadcasting, fixed and mobile
services ia the HF bands, together with related propagation issues.

The satellite broadcasting of HDTV

WARC-Orb 88, in Resolution 521, nsked for specific information from the CCIR
o allow » future WARC to select a suitable froquency band, preferably on a world-
wﬁlh&fummmmﬂwidlﬂhndmw. In response, JIWPs
§0-11/3 and 10-11/1 have been created. Both met in Sydmey, Australia in November
1990 and prepared reports that will b delivered to JINP WARC-92,

Satellite sound brosdcasting in the UHF band

WARC-Orb 28, in Resolution 520, asked for specific information from the CCIR
10 allow a feture WARC w0 consider the provision of & suitabla allocation for satellite
sound beoadcasting, somewhere in the range 500-3000 MHz. JIWP 10-11/1 was
sssigned the responsibility to complete the CCIR preparstory work oa satellite sound
broadcasiing in the UHF band. A meeting of this JIWP was held in Australis as poted
above.

Mobile services

Preparation for WARC-92 concerning the mobile and mobile-satellite services is
being dooe in Study Group 8 in thres Interim Working Parties. IWP 3/13 on Future
Public Land Mobile Telecommunication Systems (FFLMTS) held irs meeting in July
1990 under its Chairmaa, Mr. M. Callendar (Canads), and prepared s report. The IWF
concluded that the minjmum spectrum bandwidth needed for FPLMTS is 230 MHz and
that for international use & common worldwide band is proferred. The IWP also
considered sharing posaibilities betwees FPLMTS and & limited number of other radio
services.

IWP 8/14 held its meeting in September 1990 in Melbourne under its chairman,
Dr. Y. Hirsta (Japan), This IWP deals with technical and operational issues, available
and future technology, spectrum requirements and relevant inter-service and intra-
service sharing issug for all mobile-satellite services. It also determined the technically
preferred frequency bend for s future world-wide terrestrial acronautical public
corespondence systen.

IWP 8/15 held its meeting in Novamber 1990 under the Chairmanship of Mr. I.
Karjalainen (Finland). It propared & report which incorporates the contributions from
IWP 8/13 and IWP 8/i4 and includes issues of the radiodetermination and
radiodetermination-satellite and amateur and amateur-satellite services. This report
will be submitted 10 the JINP WARC-92,
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Fixed-satellite service

CCIR preparations for WARC-92 concerning the fixed-satellite service have been
entrusted to IWP 4/1, which held s meeting in December 1990. The principal task
undestaken by the IWP relates 1o the technical considerations of the allocation of the
frequency band 14.5-14.8 GHz to the fixed-satellite service and the other services
currently allocated. IWP 4/1 also examined several other items that appear on the
WARC-92 agenda, but which are the primary responsibility of other CCIR groups.
Thesa are:

-the characteristics and sharing criteria of new space service applications that
may be considered for new frequency allocations sbove 20 GHx,

—satellite-sound broadcasting (especially with respect to feeder links);

-wide RF-band HDTYV (especially with respect 1o feeder links),

-in the range 1-3 GHz, mobile and mobile-satellite service allocations, public
correspondence with aircraft, and the development of the international use of the
mobile service for future public land mobile telocommunication sysiems, with respect
to sharing and feeder-link considerations.

Space research and radicastronomy

Interim Working Party 2/2 was established to carry out preparations for the
WARC-92 with the following terms of reference:

-10 examine the potential inter-service frequency sharing probloms that may arise
between Study Group 2 services sad other radio services as s result of the various
Resolutions and Recommendations of WARC MOB-87 and WARC ORB-88.

-to study any proposed new spsce services in frequsncy bands above sbout
20 GHaz with & view to defining their technical characteristics and to establish sharing
criteria between thoss new services snd existing services to which the bands are
allocated;

-to study other services, technical regulations and frequency bamnds which were
included op the agenda of WARC 1992 by the Administrative Council;

-to report 1o JIWP WARC-92 in accordance wit.h the provisions of Section 4 of
Resolution 24-7.

Mr. H.G. Kimball (United States of Americs) is Chairmen of IWP 2/2. The IWP
met in Washington in October 1950,

Propagation aspects

No special action was taken and, in particular, oo [Wh dedicated 10 the topic
were established,
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HFBC-93

Study Growp 10, at its meeting in Geneva (9-23 October 1989), took note of
Resolution PL-B/] of the ITU Plenipotentiary Conference (Nice, 1939) to hold & World
Administrative Radio Conference for dealing with matiers connected with the HF
broadeesting service, in Geneva during the first quarter of 1993,

It also took into account that the HFBC-37 revised or adopted a number of
Recommendations and Resolutions, with explicit instrustions 1o the CCIR:

i. Recommendation No. 503 (WARC-79) concerning HF broadcasting, with a specific
invitntion to the CCIR to carry out further studies with a view to updating CCIR
Resormendations 328, 332 and 205 concerning (1) out-of-band spectrum provisions,
(2) roceivar selectivity and (3)  synchronized-frequency tramsmitter operation,
respactivaly;

ji. Recommendation No. 510 concerning planning parameters for the double-sideband
(DSB) system in the HF bands allecated exclusively to the broadcasting service, with an
invitation to the CCIR to continue to study the values of the planning parsmeters listed
in the Annex to Recommendstion No. 510;

ili. Recommendation No. $14 concerning improvements tc the propagation prediction
method to ba vsed for the HF bands allocated exclusively to the broadcasting service,
with an ipvitation to the CCIR to undertake studies of the propagation prediction
method sdopted by the Conference snd to recommend both improvements in the
method and iater, if pecessary, an improved method to be used in the future;

iv. Recommendation No. 515 concerning the introduction of transmitters and receivers
capable of both double-sideband (DSB) and single-sideband (SSB) modes of operation,
with an invitation for the CCIR to complete its studies into receivers for SSH;

v. Recommendation No. 517 concerning relative RF protection ratio values for single-
sideband (SSB} emissions in the HF bands allocated exclusively to the broadcasting
service, with an invitation to the CCIR to continus to study the values of relative RF
protec- tion ratio for the different cases and frequency separations covered in the
Annex to Recommendation No, 517;

vi. Resolution No. 514 concerning the procedure to be applied by the IFRB in the
revision of the relevant party of its technica! standards used in the HF bands allocated
exclusively to the brosdcasting service, which resolves that the IFRB review ins
Technical Standards relating to the technical parameters of HF broadcasting following
each CCIR Plenary Assembly, in consultation with sdministrations, and with specific
interaction with the CCIR;

vii. Resolution No. 516 concerning antennas to be used for the planning of the HF
bands allocated exclusively to the broadcasting service, with an invitation for the CCIR
to continue t¢ update the CCIR special publication on HF Antenna Diagrams snd for
the IFRB to base its Technical Standards for HF antenna characteristics on the CCIR
special publication on Antenns Diagrams and informstion supplied by administrations;

Since the studies called for in jii. above are in progress in IWP 6/1, and the
studies called for in vii above are in progress in IWP 10/1, and since no recent

contributions have been received by the CCIR concerning the other requested studies,
and the present schedula of the Conference does nqt permit approval of the CCIR
consolidated report to the HFBC-93 during scheduled Study Group Meetings, the CCIR
adopted Resolution 98 that charges IWP 10/i0, under the chairmanship of Mr. W.
Richards (USA), to carry out the relevant studies taking into sccount the results of the
work of JIWP 10-3-6-8/1 and IWP 10/1 and to prepare the consolidated CCIR report
to the HFBC-53. Resolution 9% also assigns tasks to Study Groups 6 and ],

The final report of TWP 10/10 will be submitted to the Chairmen of Study
Groups 10, 6 and | for approval of their respective sections so that the consolidated
CCIR report to the HFBC-93 may be submitted to the Secretary-Generat a3 a
conference document at Jesst ten months before the opening of the Conference,

Activities in IWP 6/1

Study Group 63 invoivement is described in CCIR Rmsolution 98 and concerns
improvements to the propagstion prediction method sdopted by HFBC-87. The studies
are being undertaken in IWP 6/1 (Chairman: P.A. Bradley (UK)) which sims to
complete its work in time to submit its final report to Administrations and to the IFRB
16 months prior to the Conference. The IWP held a meoting in laousry 1990, in
London, and prepared an interim report which was approved st the XVIith CCIR
Plenary Assembly in sccordance with Decision 85. The report was subsequenily
submitted to the IFRB. The second and final meeting of IWP &/1 is planned for May
1991 (venue unkanown), soon after which the final report shall be submitted to
Administrstions and to the IFRB.

The interim report by IWP 6/1 (Addendum 1 to CCIR Plenary Assembly Doc.
No. 6/1001) contains & recommendsation that six technical slements of the HFBC-37
prediction method be replaced by those adopted in the current CCIR prediction method
contained in Report 894 (and recommended in Recommendstion 533). It also identifies
further areas where changes could be made but which would lead to only marginat
improvement in prediction sccuracy. Finally, the repors describes on-going work
where it is hoped further recommendations ¢can be made in the {inal report of the IWP,

Activities in IWPs 1071 and 10/10

The first moeting of Interim Working Purty 10/10 was held in Geneva from 14 to
16 February 1990, immediately following the meeting of IWP 10/]1. The main
objective was to efficiently organize the future work. The structure of the CCIR report
to the WARC-93 shown in Annex was agreed upon. It was announced that Mr. G.
Thiam (Senegal) will act as & Vice-Chairman of IWP 10/10 for Region I, and that
India will nominate a Vice-Chairman acting for Region 3.

A second meeting i3 scheduled for Vatican City from 19 to 22 February 1991.
This schedule will provide sufficient time to circulate the draft CCIR Report to
WARC-93 for approval by the Study Group Chairmen concerned and to subsequently
finalize the report in the CCIR Secretarint for dissemination as a Conference
Document. The meeting dates of TWP 10/10 have been coordinated with those of
IWP 10/1. Intensive work by correspondence will take place until the next meeting.



Satellite news gathering (SNG)

New Report 1237 on sateilite news gathering was adopted by a joint meeting of
Study Groups 10, 1} and CMTT in Octcber 1989 and mew Recommendation 722
sntitled: "Uniform technical standards and uniform operational procedures for satellite
pews gathering” was adopted by the XVIith Plenary Assembly. These texts were
prepared by Joint Interim Working Party CMTT-4-10-11/] under the chairmanship of
Mr. J. Colson (NANBA) with active Yice-Chairmen from EBL, ABU and OIRT. The
XVHth Plenary Assembly extended the terms of reference of the JIWP 1o include
satellite news gathering for HDTV, In the pew structure of the CCIR, the JIWP
bwomuTukGroupCM'ﬂ/Smdwmwryout;umkmigaedmthe CMIT
concorning outside broadcasts and satellite news gathering.

High definition television (HDTV)

The CCIR work on high definition television is comprehensive. In addition 1o the
intensive work on the studio standard, which has been in progress for several years,
major activities in HDTV recording, film transfer, terrestrial and satellite emission and
transmission are also In progress. Displays, including the use of HDTY for computer
and graphics displays, in medicine and the publication industry, are being taken into
account in the work. The relationship to non-radio delivery means is being given
careful stention. Closs lisison has been established with the CCITT with respect to
the delivery of HDTV by meuns of the broadband ISDN and other digital networks,
and with the TEC and the ISO with respect to information technology and consumer
npplieuiomnuchuvidnmmmordenudopﬁalmorden.

As & result of the CCIR studies, five new Recommendations relating to HDTY
that cover the following sreas were adopted by the XVIith CCIR Plepary Assembly:

-Rocommendation 709 defines 23 of the 34 basic parameter values considered necessary
for the HDTV studio swndard and for the international exchange of HDTV
PIOEramInos.

-Recommendation 710 provides methods for the subjective assessment of image quality
in HDTV. This Recommendation along Wwith pew Report 1216 on the subjective
assessment of HDTV pictures repressnt & mmsjor siep forward, in that worldwide
agreement has bess reached oo the procedures, analysis and context of HDTV
measurements.

-Recommendation 713 concerns the recording of HDTY images on cinematographic
film.

-Recommendation 714 eonéem the interoationsl exchange of recorded HDTY
programmes.

-Recommendstion 716 defines the ares of & 35mm motion picture film to be scanncd
for HDTY telecines (non-snamorphic pictures). -

The work of Study Group 11 oo HDTYV is continuing in the new Study Period.

The urgent studies on the HDTV studio standard have been assigned 1o Task Group
1171 under the chairmanship of Mr. R. Green (USA). Vice-Chairmen are Mr. W.
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Habermann (Germany, (Federal Republic of)), Mr. K. Davies (Canada) and Mr.
Y. Ninomiya (Japan). The first meeting of the Task Group was scheduled for 14 10 18
January 1991, in Geneva.

The urgeat studies on digital television, including HDTYVY, are assigned 1o
Task Group 11/2 under the chairmanship of Mr. D, Nasse (France). Vice-Chairmen are
Mr. F. Barbieri (Italy), Ms. V. Khieborodov (USSR) and aa expert from Canada who
was 10 be designated. The first meeting of this Task Group was scheduled for Geneva
from 2} 10 24 January 1991,

The remaining work on digital television is being dooe in Working Party 11B,
under the chairmanship of Mr. T. Nishizawa (Japan), with Vice-Chairmen from
Mezico, the United Kingdom and the USSR.

Torrestrial television emission and planning psrameters are assigned to Working
Party 11C under the chairmanship of Mr. S. Perpar (Yugosiavia). Vice-Chairmen are
Mr. S. Dinsel (Germany, (Federal Republic of)), Mr. F. Fayoumi (Egypt) and Mr. S,
Aguerrevere (Venszueln).

The satellite broadcasting of HDTYV is dealt with by Joint Working Party 10-11S,
under the chairmanship of Mr. R. Zeitoun (Canada). Vice-Chairmen are Mr. K. P.
Ramaswamy (lodia) and Mr. O. Mikitalo (Sweden).

Reocording and exchange on film for HDTV are the responsibility of Joint
Working Party 10-11R, chaired by Mr. P. Zaccarian (CBS). Vice-Chairmen are Mr. H.
Schachelbauer (Germany, (Federsd Republic of)} and Mr, Y. Ohba (Japan).

A linison group chaired by a Speciali Rapporteur (Mr. R. Bedford (United
Kingdom), assisted by Mr. H. Tanimura (Japan) and B, Sidran (USA)) has been
established to work on harmonization of HDTV standardy between broadcast and non-
broadcast applications, i.e. to perform ss & link betweoen various standardizing bodies
(IEC, ISQ, CCITT and CCIR) in the field of HDTV. Iu first meeting took place in
Tokyo from 2 1o 10 October 1990,

Digital satellite radio (DSR} and digital audio broadcssting (DAB)

The technology Dow exists 1o provide economical, high quality sound
broadcasting by satellite to portable and mobile receivers (including sutomobiles). Study
Groups 10 and 1] adopted s new Report on this subject. Study Group 10 prepared a

new Study Programme and adopted a new Repori concerning the terrestrial application
of the same techniques to digital sound broadcasting (DAB).

The Region 3 sharing conference (CARR-3}

A Joint Working Party, JIWP/VHF-UHF Sharing R3,1/8G) was formed by the
XVIth CCIR Plenary Assembly {Dubrovnik, 1986) 10 prepare technical information for
a proposed Regional Administrative Radio Conference to establish criteria for the
shared use of the VHF and UHF bands allocated fo the fixed, mobile and broadcasting
services in Region 3 (CARR-J) (see CCIR Resolution 94 of the Dubrovnik Pleaary
Assembly).
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In accordance with CCIR Resclution 94, Study Group | coordinated the work of
the Joint Interim Working Party (JIWP/CARR-3/SG1) under the Chairmanship of
Australia, and, in collaboration with Study Groups 5, 6, 8, 9, 10 and 11, participated in
the preparation of a draft CCIR report for the Regional Administrative Radio
Conference of Region 3 (CARR-3). Work procesded by correspondence and two
meetings were held. The report contains the technical bases for the establishment of
criteria for the shared use of the VHF and UHF bamds allocated to the broadcasting,
fixed and mobile services in Region 3 (Resolutian 702 of WARC-79),

When the HIWP was established by CCIR Resolution 94, it was assumed that the
CARR-3 conference would be held within the near future. A decision was never made
on the timing nor the agenda of the CARR-3 Conference, therefore, the matter was
reconsidered by the Plenipotentiary Conference in 1989. According to Resolution PL-
B/t of that Conference, a Region 3 conference on sharing among services and, if
necessary, oh broadeasting planning, will be determined by the Administrative Council
after consuitation with the Members concerned. This situation leaves the future of the
CARR-1 conference uncertain.

Undst these circomstances, Study Group 1, during its Final Meeting in 1989
approved the report and recommended that the tasks defined in CCIR Resolution 94
should be considersd as fulfilled by the JIWP,

DRAFT OUTLINE OF THE CCIR REPORT TO WARC 1992°
Teshnical and operational bases for the World
Adminisirative Radle Conference 1992
Annex 3 to A, C. 305

Foreword by the Director, CCIR

1. Introduction

1.1 Origin and purpose of the JIWPF WARC-92

1.2 Organization of the JIWP WARC-92 preparstion and meeting
1.3 Participation

1.4 Documents ———

15 Presentation and structure of the report '

Annex [.1 - Resolution [Document 7042] of the 45th ITU Administrative Council
{WARC-92 Agenda)
Anpex 1.2 - CCIR Resolution 100

2. Frequency sharing costiderations in the allocation of the radio spectrum (IWP
1/6)

3. Frequency allocations for new spsce service applications above 20 GHz

3.1 Technical aspects of definitions for cartain new space spplications (IWP 2/2 with
others) (Resolves 2.1)**

32 The charactertistics and sharing eriterin of new space service spplications that
may be considered for new frequency sllocations above 20 GHz (IWP 2/2 with 9/6,
4/1, 8/15) (Resolvea 2.2.1)

4.  Compatibitlty considerations arisipg from the alfocation of spectrum to the HF
broadcasting (JIWP 10-3-6-8/1) (Resolves 2.2.2)

5. The characteristics and sharing criteria of the broadcasting-satellite service in the
consideration of the allocation of frequency bands and the sssociated feeder links

5.1 For the broadcasting-satellite service (sound) in the range 500-3000 MHz, as
indicated in Resolution 520 (ORB-88) including the accommodation of complementary
terrestrial sound broadcasting uses within this allocation; (JIWP 10-11/1 with IWPs 9/6,
2/2, 8715 and 4/1) (Resolves 2.2.3(a))

52 For wide RF-band high definition television on & wotld-wide basis, as indicated
in Resolution 521 (ORB-88); (JIWPs 10-11/1 and 10-11/3 with IWPs 4/1, 9/6, 2/2,
8/15) (Resolves 2.2.3(b))

6.  The characteristics and sharing criteria of mobile and
mobile-satellite services and associsted feeder-links in the conmsideration of an
allocation of frequency bands to these services

6.1 In the approximate range 1-3 GHz, as indicated in Resolution No. 208 (MOB-
87); (IWP 8/15 with 9/6, 2/2, 4/1) (Resolves 2.2.4(a))
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6.2 For the development in the approximate range 1-3 GHz of a world-wide system DEALING WITH MATTERS CONNECTED WITH THE HF BROADCASTING SERVICE
of public correspondence with sircraft, as indicated in Recommendation No. 408

(MOB-87); (IWP B/15 with 9/6, 2/2, 4/1) (Resolves 2.2.4(b)) DRAFT TABLE OF CONTENTS

63 For the development of the international use of the mobile service for future PART I

public land mobile telecommunication sysiems, a3 indicated in Recommendation No.

205 (MOB-87); (IWP 8/15 with 9/6, 2/2, 4/1) (Resolves 2.2.4(c)) Chapter 1 INTRODUCTION

6.4 For the consideration of possible allocations of up 10 3 MHz of s frequency band Chapter 2 TECHNICAL PARAMETERS TO BE USED FOR THE PLANNING OF THE HF BANDS
telow | GHz 10 low-orbit satellites on the basis of spproprisie sharing criteris; (IWP ALLOCATED EXCLUSIVELY TO THE BROADCASTING SERVICE

$/15 with 9/6, 272, --) (Resolves 22.4(4)) 2.1 Out of band radistion
7. The technical considerations of the aliocation of the frequency band }4.5-14.8 ' 2.2 Rscelvar salectivity
GHz 1o the fixed-satellite service and the other services currently allocated; (IWP 4/1

2.3 Synchronized frequancy transaiccer operation
with JIWP 10-11/1, IWPs 9/6 and 8/15) (Resolves 2.2.5) yne quancy pe

2.4 Planning paranaters for DSB syscems
8. Technical and operationsl considerations in the exsmination of the frequency '

2025-2110 MHz and 2200-2290 MHz for the operations and space research 2.4.1 Radio-frequency protesctioen ratio
:""""“' bt “";'“““ in Recommendation 716 (ORB-$8); (AWP 2/2 with 9/6 and 3/15) 2.4.1.1 Protection ratio for unsynchronizad transmissions
Resolves 2.2.6)

2.4,1.2 Protection ratio for synchronized transmissions
9.  The consideration of shariag criteria in the radiodetermipation- satellite service 2.4.1.3 Relative radic-frequency protection ratios
indicated in Resolution No. 708 (MOB-87); (IWP 8/15 with 9/6) (Resolves 2.2.7)
2.4.2 Minioun usabls £isld scrength
10. To take account of sny spproprisie techaioal aspects related to the consideration 2.4.3 Signal fading allowance
of the Resolves 2.7 and 2.8 of the WARC-1992 agenda (IWP 2/2, 8/15)
2.4.,3.1 Shorc-tsra (within the hour) fading

2.4.3.2 Long-term (day-to-day) fading

2.4.3,3 Combined distribution of fading applicable to wanted

* Document PLEN/7$ -
’ and unwantsd signals

**Document 7042 of the 45tk ITU Administrative Council
2.5 SSB racaiver charactaristics
2.6 Relative RF protection ratios (involving SSB systems)
2.7 Other information relevant to the HFBC-9)

Chapter 3 ANTENNAS TO BE USED FOR THE PLANNING OF THK HF BANDS ALLOCATED
EXCLUSIVELY TO THE BROADCASTING SERVICE
{to be provided by IWF 10/1)

PART 11

Chapter 4 INFORMATION RELATED TO THE HF PROPAGATION PREDICTION METHODR
(to be provided by Study Group &, (IWP 6/1))
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International Atomic Energy Agency
United Nations Educational, Scientific and Cultural Organization

International Centre for Theoretical Physics
34100 Telaste (Italy) . P.O.B. 586 . Miramare . Strada Costiera 11

Second Collsge on Theoreticat & Experimental Radiopropagation Physics,
7 January - 1 February, 1991

RADIO FREQUENCY SPECTRUM MANAGEMENT
Part 11
CCIR SOFTWARE RELEVANT TO SPECTRUM MANAGEMENT
R.G..Sltmz‘lk

lonal Radio Consulistiave O
Genevs, Bwitaeriand

The purpose of these notes is to provide sn everview on the
CCIR computer software relevant to the spectrum angineering.

In sccordance with Resolution 88-1 of the XVII'® Planary Asembly of the
CCIR (Dusseldorf-Neuss, 1989), Administrations and Orpanizations which are in
possession of computér programs relating to radic frequency management are invited
to consider the possibillty of making them avaifable to other Administrations and
participants in the CCIR work. A number of them respondad positively to the
invitation. Information about the program made availaSls is published in CCIR
Circular letters, in the Telecommunication Journal and in the "CCIR LIST OF
COMPUTER PROGRAMS® [1]. This list iy up-dated when secessary and made
available on request, free of charge. The inclusion in the Ust does not imply any
form of endorsement and recommendation of any specific software. Almost all
programs made available under Resolution 3% have been developed for IBM PC AT
or 100% compatible computers. Some of them are distributed in source code and
require the corresponding interpreter or compatible compiler.

The CCIR software is of two types. Software of the first type has been
developed through the CCIR Study Groups and complemenys the relevant CCIR
Recommendations. It has been reviewed, verified and approved for dissemination
by groups of experts from various countries. Software of the second type has been
submitted under CCIR Resolution 88 by individual participane in CCIR work. It has
been created independently of CCIR studies and may be unrelated to CCIR
Recommendations. Some programs of this category have besn, however, reviewed by
CCIR Interim Working Party 1/2 {now Working Group 1A), A summary description
of individual microcomputer CCIR software packages is givan below. Software for
large computers rerely it portable or transportable and, therefore, has not been
included.

CCIR software is provided on an “as is* bsais, without any warranty,
and some modification may be required before it can be utilised with a specific type
of computer hardware. The proprietary and suthor's righty are reserved by the
submitters/originators. The dissemination of the software by the CCIR Secretariat
does not imply any form of endorsement or recommendstlon. This software is
available, basically free of charge, directly from the originators, and if it has been
supplied, also from the CCIR Headquarters and through the ITU TIES network. On
request, the CCIR Secretariat can copy and distribute it with the reimbursement of
the costs of material, postage and processing. In the time of writing, the cost of
copying and maiting by the CCIR Secretarist amounts for SFR 100 per program.
Inquiries concerning the programs should be saddressed to the submitting
Administration/Organization (or to the Director, CCIR, 2 rue Varembs, CH-1211
Geneva 20, Switzerland).



Ercquency assignment

The program package MSAM from the USA (#50/1.16%) contains the following
twelve programs.

(1) Bearing-Distance Program which
calculstes the distance and bearings between two
points on the Earth surface.

(2) Satellite Azimuth Program to calculate the bearing and distance to @
satellite relative to an carth station.

(3) Intermodulation Program which anslyzes transmittor froquencies und
receiver frequencies to ideatily potemtial interference dus to intermodulation
products or harmonics (it is also available separately, #50/1.13).
Intermodulation products up to the seventh order can be identified when two
ot three signals are mixed.

(4) Integrated Propagation System which is a collection of four smooth-
earth propagation slgorithms, The most appropriate algorithm is automatically
selected.

(5) Frequency Dependont Rejection program which calculates the
minimum distance separaiion required between & victim receiver and an
unwanted transmitter to satisfy givea competibility criteria (it is aiso available
separatoly, #90/1.10). -

{6) Program "Annex I" which implements procedures contained in Annex
I of the NTIA Manual of Regulations and Procodures for Federal Radio
Frequeacy Management.

(7) Anteana Fisld Intessity program to estimaws the near-fiold power
density ind checks for compliance with tha US. radiation hazard standard,

(8) Personal Computer Plot program which plots data on a plotior,
monilor, OF priater.

(9) Profila program which produces a terrain elevation profile between
two locations, given s topogrsphic data base {(not provided with the program).

(10) Horizon. This program calculstes the distance and elevation angle to
the radio horizon (requires s topographic dats base),

(11) Singls Emlitter Anslysis Model. This program eatimates the received
signal Jovel at a specified distance from the wansmitter.
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{12) Terrain integrated Rough-Earth Model. This program predicts
propagation loss between two locations, using the terrain profile. It considers
ground-wave and tropospheric-scalter propagation modes, but does not include
sky-wave propagaticn. The terrain profile can be input manually or derived
from the topographic data base.

The program XANP from Czechoslovakia (#90/1.9) solves @ frequency
assignment problem using & Monte Carlo method.

The JCAL program from Japan (#90/1.11) computes poteatial adjacent, co-
channel, and third order interference, and desensitization effects usiag » transmisting
station data base.

The software package MAPKI from Poland (#90/1.4) performs the following
five tasks.

(1) Terrain profile extraction and smalysis. The terrain elevation profile
is extracted from the dats base. Horizon dismnces elevation angles, termdin
roughness factor "delta b” and the first Fresnel zone ellipse are calcuiated.

(2) Point-to-point propagation prediction using various propagation
models and topographic data base.

(3) Spectrum occupansy prediction. Al signals expected at a given test
point are identified and the froquency, level, azimuth of arrival and source is
determined for each signal.

(4) Line-of-sight coverage prodiction.

(5) Transmitter file management, Transmiiter data may be added,
corrected, or deleted. Transmitters may be selected by aame, frequency,
power, geographic area, or by s combination of these parameters.

This software has been developed 1w assist in the plenning low-power
rebroadcasting television transmitters snd requires transmitier and topographic data
bases

P . tict

Three programs from CCIR Study Groups SG5 and SG6 deal with propagation
predictions.

(1) The program GRWAVE (#90/2.3) caiculaies the ground-wave field
strength and transmission loss in an exponentisl atmosphers as a function of
distance, frequency, antenna height, polarization and electrical charscteristics of
the Earth. Its approximate frequency range is 10 kHz o 10 GHz.

(2) The program REP8942 (»50/2.8} provides an estimation of MUF,
sky-wave field strength, signal-10-noise ratio, LUF and basic circuit reliability.
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(3) The MINIFTZ program (#90/2.5) estimates the basic MUF and sky-
wave field strength,

The program psckege MPSII from the USA (#90/1.14) contains seven
programs for point~to-point propagation predictions.

(1) The program TIREMI1 computes the pajh loss expected for the
particular termin profile between the transmitter and receiver. It is applicable
in the 40 MHe2 t0 20 GHz frequency range. The terrain information required is
extractad from & topographic dats base or may be input manuaity.

(2) The program IPSI] is & smooth-earth propagation model, applicable in
the frequency range 1| MHz to 20 MHz.

(3) T program NLAMBDAI1 is s smooth-earth propagation model
applicable in the 0.1 MHz to 20 GHz.

{4) Tha program MXPATHI! is s smooth-sarth model applicable for
mixed paths.

(5) The program VLF11 is applicable in the 10 to 100 kHz frequency
range. It sccounts for both the ground wave and the wave reflected from the
jonosphere.

(6) The program SATPROP applies to line-of -sight Earth-space links in
the 100 MHz to 100 GHzx frequency range. It computes the median path loss
and deviations due to jonospheric scintillation and rain attenuation.

(7) The MMW11 program provides predictions to signal attenuation and
phase dispersion of radio waves in the ! to 300 GHz range. It spplies to both
Earth-space und torrestrial line-of-sight transmission links.

The program package MLINK from Japasn (#90/1.18) is intended for radio-
relay link propagation path analysls. It consists of 29 modules. Modul 1 gives an
information on microwave frequency bands and their applications. Modules 2, 3 snd
4 deal with the free-space-, line-of-sight- and tropospheric propagation,
respectively, Modules 5 and 6 explain the concept of the Fresnel zone and
diffraction. Modul 7 describes basic parameters of relay route. Modul 8 draws the
profile and direct and reflected waves. Modul 9 deals with the path clearance.
Moduls 10, 11 and 12 cakculate difraction and reflection losses. Modul 13 calculates
the ground reflection point. Modul 14 calculates the angle between the direct and
reflected waves. Modu! 15 gives an information sbout the antenna directivity.
Modul 16 describe effects of fading. Moduls 17 and 18 describe standards relating to
sllowable noise and EIRP. Modul 19 deals with short term fading. Moduls 20, 21
and 22 describe space diversity system, calculate antenna elevation angle and
determine azimuth and distanceto stations, respectively.  Modul 23 estimates
propagation path performances. Modul 24, 25, 26and 27 calculate interference noise.
Modul 28 deals with the field survey. Modul 29 uses the results of the computations
to draw conclusions.

The three following programs from Poland make use of the topographic data
base.

(1) The program SHADOW (w90/1.5) determines the line-of -sight
coverage area of a fixed trunsmitting station,

{2) The program PROFILE (#90/1.6) determines the radio propagation
path profils between the transmitting and receiving antennas.

(3) The program DELTAH (#90/1.7) evaluates the effective antenma
height and the terrain roughness factor following CCIR Rec. 370,

The terrain data base is not included In the programs,

Covrdination & EMC snalvsi

The program APP28 from Swedep {(#90/1.1) determines the coordination ares
around an earth station, in the frequeney bands between 1 to 40 GHz, shared
between space and terrestrial services. It follows Appendix 28 of the Radio
Regulations.

The thres software packages for analytis of potential interference that 8 VHF
sound broadcasting transmitter Csn CaUS¢ 1o an seronautical rsdionavigation
(ILS/VOR) system are from Germany (#90/1.2) and Poland (#90/L.3, w90/1.19). AN
are interactive and bastd on the procedures and criterla specified in CCIR Report
929,

The RS3 simulation program package from the CCIR Secretariat is s simulation
tool for the analysis of a co-channsl man-msde interference threat to
radiocommunication systems.

The PRODSIR program from tha USA (%90/1.15) computes the probability

distribution of the signal-to-interference ratio from co-channel interferers in a
congested radio eavironment.

Antenns analysis/design
The program ELLIPSE from Czechoslovakia (#90/5.1) determines ellipse of the

minimum area enclosing & given polygon. It is intended to best fit elliptical satellite
antenna beam parameters optimization

The following three program packages are from the CCIR Secretariat.

(1) The program LFMFANT (#90/2.4) calculates long-wave and medivm-
wave vertical antenna arrsys.

(2) The software package HFANT (#90/2.7) calculates the HF antennas
of various types.



(3) The programs FMTVANT and FMTVSYNT perform an analysis and
synthesis, respectively, of YHF-UHF brosdcasting antenna systems.

Propagation daia banks

The CCIR propagation dats banks have been cru;od to verify propagation
prediction algorithms.

The data bank of SG6 comprises measurement data for about 130 combinations
of path lengths (175 to 26000 km) and frequencies (2.5 10 26 MHz).

Dats banks of SG5 conwin measurement data on terresicial and Earth-space
paths, grouped in three categories; terrestrial line-of -sight, Earth-space, and
torrestrial over-the-horizon.

Moise data

The NOISEDAT progcam from Study Group 6 (#90/2.6) gives estimates of
atmospheric, man-made and galactic noise following CCIR Report 322-3.

Subseriotion Cicculact far the sof iable from the YTU

No. 22bis Microcomputer program peckage for antenna diagram calculations
*HFARRAYS® and "HFRHOMBS"

No. 64bis Microcomupter program for antenna diagram  calculations
"LFMFANT"

No. 95 Computer programs for HF antenna disgram calculations HFMULSLW
snd HFDUASLW

No. 135 Microcompwier program package for YHF and UHF brosdcasting
antenna system design "FMTVANT

Rec—705 Microcomputer program package for HF antenna patiern calculation -
HFANT

The above-listed sofiware may be ordered from the ITU Sales Service, Place
des Nations, 1211 Genevs 20, Switzorland.

*) Identification number in Ref. [1]

Refcrences
[1} CCIR List of Computer Programs, ITU, Geneva, January 1990,

[2) CCIR Handbeok on Spectrum Mangemsut and Computer-sided Techniques, ITU,
Genova, 1983, updated 1986
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The purpose of these notes is to provide an overview of cone of the
computer programs relevant to the radio frequency spectrum management
and offered under CCIR Resolution 38.

1. Introduction

This softwsre has been generously made available by the Telecommunication
Bureau, Ministry of Posts and Telecommunications, Japan? It has been written in the
BASIC language for the IBM-AT/IBM-XT/IBM-PS2 type computers by the ITU
Association of Japan, Inc., The software and all its subsequent copies (but not the
physical media on which it is recorded) remsin the proparty of Telecommunication
Burean, Ministry of Posts and Telecommunications, Japan, Enquiries concerning the
software should be addressed to:

*Frequency Planning Division, Radio Department
Telecommunication Bureau S- -
Ministry of Posts and Telocommunications
1-2-3, Kasumigaseki, Chiyoda-ku, Tokyo
100-90, Japan”

Limitation of liabllity

Permission to copy and use the softwars without fes ls granted under CCIR
Resolutioin 88 provided that {1) the copies are pot offered for ssle or distribution and
{2) the liability limitation note appear without modifications, Making the software
available does not imply any form of endorsement or recommendation by the CCIR.
The software {(and accompanying text) is made availsble "as ig". [t may contain errors
and/or may require modifications before it can be utilized with a specific typeof
computer hardware, Neither the Author(s), nor the submitter, nor the CCIR make any
warranty or assurance as to its performance, and no liabilitles are acccepted for the
content or applicability of the software and documentation, results of using them, or for
their support/maintenance. The entire risk for their ute must be assumed by the user.

2. Program outline

This software is intendsd 10 analyse propagation condition and to help to find an
appropriate location for microwave link stations. It contains 28 task modules. Each task
can be selected from the task menu, startred independently, and accessed directly, Tha
user interface is conversational the program asks you 10 input parameters one-by-one.,
Full color display makes the operation easy to understand. Fig 1. shows how the
modules relate 1o esch other. There are information modules containing design
information, and calculation modules. A data file contains propagation parsmeters and
typical antenna dats taken frm CCIR texts. Thess are used in calculations. Fig. 2 shows
the task menu, the first screen to appear when the program is started.
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Task 1

Tesk 2

Task 3

Task |

Tazk §

Nicrowsve frequency bands and their application

o Actual microwsvs frequancy bands
Long distance circuijt 4, 5, 6, 8 Ghz bands .
Branch circult LIS Ghz bands .
Short distence cireuit ¢ 2, 7,11,15 Ghz bands.
o Indication of input paramstar : frequency bend, bandwidih,
contar {requency, systen capacity , sad CCIR recossendation
ausber correspond to the description.

Frae zpace propagation )
e

* lnput of Input pnrlltlcrl : lti&hinc: , sechion distance,
transaitisr output powsr, tramseittiag/receiviag antenna gain,
ferder loas.

»Celculation and indication of free space loss and received
iaput povar.

Fore

Line-of-2ight propagetion

e Dascription aad illustretion show how a height pattern occurs
st the receiviag point becouse of the ground reflected wave.

Tropospheric propagstion

¢ Description of hov radic propagation iz the Lroposphere i3
aflected by weather .

o Dascription of thres propagation types characterized by the -
eftective radivs of sarth (X).

* Description of applicable valua by classificatioz of K value
sccerdisats the regional weather .

Fresnel zone theoren

* Illustration of the vadius of the first fresne) zone.
» Description seys that the path musit be designed to bave
twe-thirds of the rodins of the first fresnel zoms.

u

(_ﬁ

Task 6

Task 7

Task §

piffraction

o Description and illustcation shov bow the hlight'uf the
obstacls atfects the received input power.

Plaaning of relay routs

« Description end i{ndication of the bdazic data of route ]
planning : reley distance, path claarance, ground reflection,
Tepesting angle, and station frequency .

Profile dravizg

« Inpul of input parsariers : lr;qucnsx;higction distance,
transmitting/receiving antenpa beight, diztance to !he
reflsction paint, altitude of reflecien poiat, altitude of
tidge, distance to ridge, end K valus.

s J1lustration of profile. We bave prepared 2¢_acalls ?l
profile, which sre adopted sutosatically to suil the given
ipput patamsters. .

. Gltculztion and illestration of & profile showing the
clearance by dirsct wave sad teflected wvaves.

These route ars judzed by ths propagation stendard.

A cossent is shoun to kelp the designer choose Ihllh!l.tﬂ
continue the calculation of the input paramsters of this
section or to changs ths touts plua.

PIOFILE ke 132
} FREQUENCY  ¢.#6HZ
2k lave) [P
3 k (min) 0.67
d &= DIST [ T (Y 1
S A HEISHT g0
o B HEIGHT  100,.0a
T FATTD .. S
& A=F UI%T a9.%a
* L ALTIID 2700w
14 A DISY 12.4tm 408
COIFECT VAVED
CLEARANCE .M E2 L)
FATH in  intercerted.
Auntenna heipht should
be elepted. 20
CREFLEZTED WAVED
CLEMME  =57.7m (1]

FaTH Ls  intercented,




Tazk 8

Task 10

Task 11

Task 12

Path clesrance at ridge point

¢ Calculation and illustration ef the clearance.

¢ Celeulation ot
reflected '.:..proeodurc end illustration of the clesrance of

Ridge diffraction loss

o Iaput of iaput parameters : [ vl
: ue (average, ni
;;::::l d:atlncc. transnitting/ raceiving Ilitlu:i::?:it
ee to the obstacle, altitude at the reflection poi;l.

e Caloutation and illustration of the ridge diffraction loss by

direct wave and reflacted wave,. .- - ‘"

e

Diract wave and reflected wave i;;sns

* Description of
reflocted ..:.‘lhl stfective ridse loss by direct wave and

* Descrivtion of the path of the reflected vave.

Cround reflection loas

. :l:-::;::::: :Ir:?:'regl;ct:: wave loss (experimental velue
n ry) by Lthe claszsiticati
grographica) aad geclogical features at :hen:UF:e::'::?::’ nd

Task 13

Task 14

Tazk 15

Task 18

Task 17

Task 18

Locatiag the reflection point

: hop distapce, Lrassaitting/
value {average) nnd altitude of

o Input of input parameters
teceiving anteans beight, K
reflect point.

e Calculation and illustration of the localien of veflaction
point.

o The 3rd squation uses Newton's approxisate quantity value
calculation method.

lacluded angle betwesn direct and rellectied waves

e Input of input paremetlers
receiviag sntenna helght, K valdsé (avarage) zad
rellection point.

o Caleulation and illustretion of the {aciuded angle between
direct and reflectsd warve.

o The third equation in Newion's approzisale quantity valee
calculation method is wsed.

: hop distence, transeitting/
altitude of

Antenna directivity

e Description of the general pattera of sntenme dirsctivily.
Uses the stperinmentsl valuas of the four metetr dinseter
parabolic antenna that genetally ia Japen.

Fading im Vine-of-sight teanssiasion

v Description of iscrease of tharmal molse by fading, and
fading sergin.

Transuission quality standard on hypotheticsl reference
citcuit

e 11lustration aad description ef the constitution of
Hypothetical Refarencs Circuit.

o Description of standard of the allovable moise.

e Description of standard of the elrcuit dropout rate.

Regulation regarding mex. EIRP

radialed power limitation

e Description of standerd of antenra
and satellite

to limit mutual interferance between terrastrial
systens.



Task 18

Task 20

Task 21

Task 22

Tesk 22

Distribution of receivad pawer during short ters fading

* Description of standard of Rayleigh Fading Occurreace
Probability and circuil dropout rats.

s Input of input parametars : frequency, hop distance,
seogrephical festures, eftactive vreflective attenuation,
transmitting/recaiving antensa height.

* Calculation of Rayleigh Fading Occurrence Probability and
cireait dropout rats, and conpatison with CCIR Recomsendation.

* Indication of whether the space diversity systes is needed.

vt l

Space diversity systen v ©

* Dascription and §)lustration of applicatle condition of space
diversity aad antensa spaciag pitca.

Aatexns slavation sagle

*Calculation and 1)lustration of tranasmittiag/receiving anteana
elevation sad depression angle fros the horizental,

Azisuth and distaace to sach station

* Input of latitude and longitude of each .sutlu.
* Calculation and Illestration of azimuth {rom Lrus north
distance tovard statioes.

* Spherical trigosometry is adopted snd the distance calculated
is the great circle distance.

ud‘

Estimation of propagation path performances

¢ Calculation together from item 2 wati| ftaa 21
performances.

* Isput paremetsr and outpet data are registered by data file
aad indicete together i ites 29.

for propagation

\ /

e

(g (

Task 24

Over-reach interference

« Japut of inpul parameter

section distance, azisu

ight, each
: frequency, antenne hf:; . 8
t: toward respective station, altitude

: i int. .
of ridge. distence bo ':%::.’:: interfersnce poise

« Celculation and illusts
(D/V valye).
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Task 25 Interference with other routes

* Izpat of input Paramelers

-

loagitude, transaitiy freavency, sach latitug
' roe & and
t.:n:":.tl'illrlutin. steet paver, transaittiog feeder loss
¢ Caleulation '
éDIU nl..),“d ilhustration of interteresce Roise
*Can calonlote puteal Dy
. f
This progras can be uxed b;rt:: ::l::lil:c"““'

vethod, warking salection is meeded byt i:a:::i" o tation
# case.
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R - L1
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&
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direction,
direction,

Task 26 Interferenca to geostationary satellite orbit -

e Calculstion of direction angle difference botveen » station
in the radio relay limks and a geoststionary salellite osbit.
¢ Judgement of whether the direction angle difference is greater
or lasx tham two degreez. The wutual iaterforence is observed

te Selp make this judgesent.

Iatarfsrence between terrestrial alltin. and sarth ztation
+ Judgesent of mutual interlerence belwess terresirial station
and earth station by tots] transwiesion losa.
. IR

(U

Task 27

we Interfarence botvesrn torrestrial station and ear-th station 14.¢ SHZ s

| E ANT HEIOMY(m) 190.4 - —
2 E ANT BAIN (@) . oo -
9 ANAE AErd.e.®) 100: 00y ¢ : Noiag
4 £ ANT DIRECTIVITY(48) “. : -/
€ T ANT HEIGHT @) see.0 [ L_,%-—un
é T ANT GAIN (4) 4.9 X :
7 AMGLE ATid.e.9) Pt 1 @ : T, AT —
€& T ANT DIFECIIVITY(E) .3 v - s.i
9 E-T OISTANCE IR} 9.4 ~ar -
19 RICEE ALTITD (m) FITR )
11 E-L OISTANCE (km) 1.0
12 ktaverass value} 1.%¢
' (E-T SFAN PROPAGATION LOST 130.540)

s T

! (RI0GE DIFFFACTION
EFFECTIVE TRAMSHITTING LOSS (52,24

This path weets the standards, the route slan |s acientatle.



Task 28

Field survey

*Description of
axd secondacy Becessary itaas for de:ﬁ vork

o Ptimary Burvey

Survey.
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¢ Caleulation or Estimation

t7 Transmission quality standasd on hyoothetica! reference
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ABSTRACT. An interoctive microcomputer simulation model is
described. The model (s intended to serve as an engineering tool for
the analysis of man-made interference threat to a radiocommunication
system. Simulation technigue is used to imitate experiments with the
system, environment and their interaction. Various modifications can
be simulated and their effects on the system performance analyzed.
Input data are supplied by the user, and the computer produces
pictures, maps and statistics, describing the interference threat. The
model allows for experiments with directive antennas, mulliple mon-
made interference sources randomly localed in three dimensional space
and with various propagation mechanisms, ~The areas occupied by the
interference sources and victim receivers can be separate or coinciding,
totally or partially. Assumptions, limitations, algorithms, performance
criteria and application examples are presented.

Source:*Simulation Model for Evaluating Interference Threat to
Radiocommunication Services® Telecommunication Journal, Dec. 1990;
pp. 827-839

1. INTRODUCTION

This paper describes an interactive microcomputer simulation modef,
developed to anslyss slectromagnetic compatibility problems. Electromagnetic
compatibility (EMC) is the ability of a system to function satisfactorily in its
electromagnetic eavironment without introducing intolerable disturbance to that
environment. In the paper, we discuss the interference threat to
mndiocommunication systems dve to man-made interference environment.
Limiting of man-made interference is vital to many applications and services,
and has been inciuded in the programmens of several national, regional and world-
wide organizations., A list of these organizations includes the Iniermational
Telecommumication Union [FTU, 1989, International Electrotechnical Commission
[IEC), Imternational Radio Consultative Committee [CCIR, 1986), International
Special Commitiee on Radio Interference [CISPR, 1987] and European Community
[EEC, 1989], among others. Interference-free operation of communication
systems is becoming more and more difficult to ensure, due to the growing
number of users of the radio frequency spectrum and growing competition
between them [Rotkiewicz, 1982]. The problem of undesired RF radistion from
industrigl, scientific and medical {ISM) equipment is an example [Siruzak, 1983).
In spite of the intentions of 160 or sc country-members of the ITU [WARC,
1979], and in spite of many years of efforts {CISPR, 1987), widely acceptable
recommendations on ISM radiation limits have not been reached [CCIR, 1986).

Recommendations relating to electromagnetic -compatibility are usually a
compromise between two parties representing opposite interests, Evaluating the
interference threat is one of the key problems in finding & compromise. When
one party is claimed to overestimate, and another one to underestimate the
interference threat, the only reasonable way is to refer to experimental evidence.
As the experimentsl data available are incomplete, special measuring campaigns
would be needed for that purpose. Such campaigns would be too expensive and
would require too much time, In seeking & more practical solution, a simulation



approach was proposed [Siruzak, 1984).  Numerical simulation has become a
powerful tool in various applications, supplementing traditional mathematical
analyzes and “real-world® experiments (ses e.3. Shannon, 1975). A simulated
experimient is less expensive and avoids all risks of the “real-world®. It is easier
to prepare, 1o perform, to control and 10 repeat. It can modify the time scale, if
the “real® experiment russ too quickly or 100 slowly. Processes which normally
require months of years 10 develop can be acceicrated to run in minutes.

Apother imporsant characterisiic of numerical simulation is its ability 1o
oxamine systems which are intractable to experimental manipulation and too
complex for exact mathematical tresiment. Examining mew sysiems which exist
only in conceptual forms, testing hypotheses, or examining postulated
modifications 10 existing systems, are examples of such applications. The first
simulations were limited to large computers. Now, microcomputers have as much
computing capability a3 mainframes of only a few years ago, and the technique is
becoming more popular. In spite of this trend, the literature on simulation of
electromagnetic compatibility problems is scarce. The bibliography by Dudewicz
[Dudewicz and Karian, 1985) coatsins about 500 pepers on simulation and lists
more than 80 application sreas, but disregards the EMC issues. Simulation of
ceriain EMC problems is addressed by Lee [Lee and Smitk, 1983), Koester
[Xoester ex al. 1986) and Cook [Cook. 1987). All of them use large compulers.
Microcomputer models are proposed by Struzak [Siruzak, 1984] and Weinberg
{Weinberg and Wilson, 1986] to study ISM interference. These models, however,
are limited to two-dimensional space, omni-directional sntenass and simplistic
propagation mechanisms. The objective of this work was to examine the
feasibility of microcomputer simulstion of EMC problems involving three-
dimensional space, directive antennas, more olaborate propagation mechanisms
and random influences.

Tho remaining past of ths paper is organized as follows. The input data
and general algorithm sre presented In Section 2. Major sssumptions, limitations
and device models are discussed jn Section 3. Section 4 deals with the output of
the simulation. Computstiona) aspects are trested in Section 5, and spplication
examples ia Section 6. Comments on future work are given in Section 7, and
concluding remarks in Section §.

2. GRNBRAL ALGORITHM

The sim of the simulstion i3 10 imitate- modifications to various
parameters of the radiocommunication system, its environment, or both, and to
predict the effects of these modifications on system performance. The simulation
process involves input data, simulation software, simulation bardware and output
data. The input data are transformed in0 the output data in accordance with the
algorithms included in the software, The general algorithm of simulation consists
of throo major steps illustrated by Fig. |. The first step is to determine that
which is to be simulated. The input data sre applied to define the fixed
parameters of the model and the boundaries for its psewdo-random variables, and
to determine the EMC criteria snd simulation scope. The input data are listed in
Fig. 2 (soe [CISPR, 1987)). They are read from default files or supplied by the
user, and have to be selected from populations thal might occur in an actual
sitastion. The second step is the simulation of system-environment interaction,
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and evaluation the performance of individual transmitter-recciver links of the
system.

Fig. 3 illustrates the algorithm applied. Here, concepts of simulation
scenes and test points are used. A simulation scene represents a specific
configuration of the transmitter, receivers and interference sources: Fig. 4 shows
an example. The test points are the points st which the receivers might be
installed. Simulation scenes are generatod and the performance of transmitter-
receiver links analyzed, For that purpose, the relevant input data are applied to
the computer programs which conmin models of the devices and processes
involved. The models are discussed in Section 3. Each transmitier-receiver link
is sxamined separately, and the expecied values of “the signal level and noise
margin are computed. These raw simulation results are compared with the EMC
criteriaz. The third and last simulation step is the determination of the system
performance and evaluation of the interference threat. On the basis of the
examination of the individual communication links, various global measures of
the system performance are computed, as discussed in Section 4. All phases of
the simulation process are displayed on & controi panel on the screen. The panel
conlains several windows, each of them representing a set of data, see Fig. 5.

DETERMINISTIC OR PROBABILISTIC SIMULATION. The model can be used
for deterministic and for probabilistic simulation. In the deterministic
simulation, the values of all variables can be predicted with precision. In the
probabilistic simulation some of the variables are randiom and only the boundaries
within which they are confined can be determined. Flipping a coin is & good
example, Although laws of physics 10 predict its position (given the initial
velocity, spin, eotc.) are well known, it is practically impossible to determine in
advance whether the coin lands on hesds or tails. The probabilistic simulation
(known also ss the Moate Carlo simulation) amounts 1o & sepetition of simulated
trials and & collection of statistics representing global results. In the deterministic
simulation, a simuiation scene is generated and analyzed once for all. There is no
Teason to repeat deterministic experimenis because each of them gives, in
principle, the same results. When random inpuy components are present,
however, the system performance is subject to statistical dispersion, and each trial
may give a different result. In order to obtain results which are statisticaily
significant, the simulation experiment has to be repeated. Simulation scenes are
sequentially generated, each time with a new set of random componenis, and the
system performance i3 determined and treated as 3 “sample” of statistical data.
Section 5 gives more details on repeated trials.

3. ASSUMPTIONS, LIMITATIONS, DEVICE MODELS

In computer modelling, all assumptions, variables, and reistionships must
be described by numbers, with sa accuracy commensurate with the accuracy
required of the resulis. Even external influences, left out in real-world
experiments, have to be precisely defined. The assumptions, on which our model
is based, are discussed below, logether with the model limitations.

-
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The Rap10 CoMMUNICATION SYsTeM simulated in the computer consists
of one transmitting and one or more receiving stations. If two or more wanted
transmitters are involved, a3 e.g. in hyperbolic navigational systems, each of them
has to be treated separately. If there is more than one receiving station, all are
of the same type. A narrow frequency band is taken into sccount. It means that
a separate modet has 10 be created 10 simulate esch spurious or non-linear
response of the rocalvers. The distribution of the wanted signal is defined by the
transmitting antenns and propagation model. Reflected signals are disregarded,

ANTENWAS. The transmitting and receiving antennas can be isotropic or
directional; adaptive sntennas are not included. Receiving antennas are situated
at test pointy and, if they are directional, they are pointed toward the transmitter.
An antenna mxxiel represents the directive radiation pattern of the original
antenna in comsistency with the objectives of the simulation, In our case, there
are two models provided: one for the transmitting antenna snd another one for
the receiving anteans. The models are in the form:

ANTENNA GAIN = (ANTENNA GAIN [N THE ASIMUTH PLANE
+ ANTENNA GAIN IN THE ELEVATION PLANE
+ RANDOM COMPONENT}  [4B) )

The gains are relative to the maximum gain. The gain in the szimuth plane and
in the elevation plane are mutually independent. Examples are shown in Fig. 5.

The INTERFERRNCE ENVIRONMENT simulsted in the computer consists of
two componeats. The first is the background environmental noiss. It is assumed
to be independent of direction and distance. The second component is the noise
from unwanted man-made radio-frequency interforence (RFI) sources. It
depends oa the distance from, and direction to, the sources. Only radiation
phenomens aré taken into sccount. The sources are randomly distributed in
space and have random radiation patterns, The ares occupied by them is in the
form of a three-dimensionsl rectangular box, as shown in Fig. 4. It can be
separate or ovinciding, totally or partially, with the area occupied by the
communication system. The RFl sources are of the point-type; distributed
sources (e.g. power lines) sre not included in the model. Radiation limits are
usually defined as the level of unwanted signal at a reference distance from the
source, and tha simulation model accepts this defimition. Local sttenuation of
radiation by buildings, or by additional screening structures, is taken into
account. The distribution of interfering signals is determined by the propagation
model. The interference sources are co-frequency with the transmitter. Off-
channel interference can be simulated by introducing equivalent co-channel
interference source(s). Frequency-hopping and intermittent sources are excluded.
Anarrow frequency band is taken into account. It means that a scparate model
has to be created to simulate exch harmonic or spurious radiation.

PROPAGATION. A propagation model determines the level of wanted (or
unwanted) signal which is exceeded (or not exceeded, respectively) at the
receiving antenna during a given proportion of time. For instance, the level of
the wanted signal may be required to be not less than A dB during 99.9% of
time, and the lzvel of undesired signal - not greater than B dB during 0.1% of
time. Zero-gain antennas are assumed at both the transmitting and receiving
stations. The software offers a class of models simulating different propagation

mechanisms, from which the user selects a model which it the most appropriate
for his application (see e.g. CCIR, 1986). Propagation loss is assumed to be
dependent on distance, but independent of the bearing to the radiation source, It
means that actual terrain shadowing, reflections, and multipath propagation are
disregarded. Two separate propagation models are provided, one for the wanted
signal and another one for interfering signals. The models are in the form:

SIGNAL LEVEL = (REFERENCE SIGNAL LEVEL
+ PROPAGATION LOSS
+ RANDOM COMPONENT ) 48] 0

All variabiss are relative to a given reference level. An sxample is shown in Fig.
5.

EMC CRITERIA AND LINK PERFORMANCE. It is assumed thet the degradation of
communication links is attributable to two elements. The first is the internal
(receiver) noise, the second is the external noiss and unawanted signals. The
signal level and the noise level serve as the measure of performmnce of each
individual transmitter-receiver link. They sre computed using formulas listed in
Fig. 6. The computations involve models of antennas and propagation processes,
and require determination of distances and direction angles between the receivers
and radiation sources, see Fig. 7. “Signal" is the waated signal, and the resuliant
noise includes the internal and external noise (background noize) and afl undesired
signals, The effect of multiple interlerence signals and noise is calculated by
means of the power sum method. This seems 1o be 2 ressonable approach to
continuous disturbances; discontinuous ones may require another approximation.
The noise causes a degradation of the link performance and, in some cases, can
lead to a disruption of the normal operation of the link. “Normal®, in this
context, refers to “satisfying given technical and operational requirements®. The
criterion of the "normal' operation built in the model requires that both, the
wanted signal level and the noise margin are greater than their respective
minimum acceptable values. The noise margin is the difference between the
levels of the wanted signal level and resultant noise. It is called zlso *protection
margin®, “signal/noise matio*, etc.. (In some systems, the nmoise femperature
concept is used; such systems can be simulated, if the \emperature is "translated”
into an equivalent noise margin.) Numerical values of the minimum signal and
minimjim noise margin are set up by the user, depending on the application,
signal processing method, error correction, etc. (see CCIR, 1986).

NOISE AND RANDOM COMPONENTS. Random components, like the receiver
noise and environmental noise, are modelled using & standard random number
generator, It produces pseudo-random numbers, uniformly distributed.

TesT DoMAIN, The performance of the mdiocommunication system
depends on the performance of its transmitter-receiver links. With mobile
systems, &s for instance in seronautical communications, all expected locations of
transmitting and receiving stations must be taken into sccount. In the simulation
model, these locations coincide with the test points. Such an approach may
require 3 grest number of computations, A quick order of magnitude analysis
illustrates this point. The test domain should be lgrge enocugh to embrace a
significant part of the system and its behaviour in time. On the other hand, the



resolution of the model has to be fine enough to capture the smallest scales that
are relovant. The number of test points, with & regular time-space grid, yields

ip it
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where Np is the number of nodes of the grid. Dy, snd Dy, denote the length
scales associsted with the largest and smallest distances in space or in time,
respectively, If D, is 100 times greater than D,,,, then there are 10% test
poiots. At each of them, all relevant signals have to be ovaluated. With 103 RFt
sourcet, there arc 10°°103 = 10 signals w evaluate. Even with 0.1 millisecond
per signal, this would require 10% seconds, or about 300 hours, of computing
time. To keep the simulation time withia practical limits, we exclude the time
variable and restrict the test domain to a plane. The plane can, however, be
fixed st different positions, which is equivalent to w series of cuts through the
volumes of intorest. Thus, a possibility exists to explore the system performance
in thros dimeasions {Fig. 4). The aumber of test points, Nyp, amounts now to
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Tho data of the previous example would give 104 test points and 100 seconds of
computing time. With the timo varisble aot involved explicitly, the simulation
model is valid for a short instant of times. During that time, neither the system,
nor the enviropment, nor their intersction, can change significantly. The test
points are now distributed over & test plane, which may be inadequate for those
systems for which the curvature of the Earth is relevant (e.g. satellite systems).

4. SYsTEM PERFORMANCE MEASURES

During the simulation process, the system performance is examined at
each test point. With s large oumber of test points, this produces huge
collections of numerical data. The analysis of such collections surpasses the
possibility of human perception and, a3 an aid, we use maps. Colour maps of the
test ares provide a visual display of the varisble values and status of
commuaication links at all test point. ‘There are several kinds of maps produced:
signal wApS, NOise maps, noise-margin maps, and coversge maps, which give
information about the operstion condilions of communication links. Examples
are shown in Fig. 5 (see siso Figa. 11 10 13). Such a pictorial representation of
abstract concepts helps 1o identify interference structures which may be too
complex to conceptualiza otherwise. Moreover, some statistical indices are
provided which charactorize the overall situation by a few numbers only, see Fig.
8. Basic smtistics and interference swatistics are provided to quantily the degree
of interference threat; we will discuss them beiow. In addition to the maps and
statistics, histograms of distributions of variables are provided, see Fig 9.

COVERAGE AREA AND COVERAGE Loss, At any given moment of time,
sach communication link may be in one of two possible states: "normal operation®
or "unacceptable operation®. The coverage area is defined as the set of test points
under *normal operation”. In reality, we refer to the actual coverage area which
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is defined with the actual intesference environment. However, we introduce here
aiso the concept of the ideal, or polential coverage area which is determined with
an ideal environment. ‘The ideal environment consist of the background noise
only: sll RFI sources are inactive or removed. Note that it is unrealistic to expect
that all existig RF] sousces can be really switched-off or removed, but the
concept is useful for refereace purposes. The actual coverage area is usually less
than the potential coverage aren, and the difference, or coverage loss, indicates
the degree of interference threat, In order 10 quantify this threat, the potential
and actual coverage areas sre compared one with another point-by-point, and
cach test point is marked "0" or *1*, The “0* means “no harmful interference”, the
*|" means "unacceptable interference®. The charscteristics °1" and *0° are
qualitative in nature and follow the binominal distribution. The requirement of
exact representation of the coverage areas calls for s large sample, i.e. a large
pumber of test points. With too small a sample, the results sse statistically
insignificant. With too large & sample, the simulation time is too long. Some
aspects of the sample size are discussed in Section 5.

The COVERAGE Loss INDEX represents the expected likelihood that s
receiver, operating normally without RF1 sources, will suifer unaccepiable
interference after the RFI sources are activated. It definition is given in Fig. 8.
It involves the relative difference between the actual and potential coverage areas
of the system, (see [Andersom, 1976]). This index has a straightforward
interpretation. In addition o the loss in the geographical coverage area, it
represents the relative loss in the population served, il the population is
distributed uniformly over the area of istorest. lao ecosomic terms, it may be
interpreted as the loss of capital due to madio interforence. A simple reasoning
leads to that conclusion, The total cost of the radio communication sysiem is
distributed among thess radio links which work normally in the absence of RFI
sources. When the RFI sources are active, the Coverage Loss Index gives the
proportion of the links which cannot continue o work normally. It is exactly the
proportion of the total cost which cannot be used as intended, In the literature,
rather than the Coverage Loas Index, the Interference Complaint Index and the
Probability of Interference have been spplied. They are discussed below.

INTRRFERENCE COMPLAINT INOEX. The International Special Committee
on Radio Interferencs uses & concept which we will call "laterference Complaint
Index® [CISPR 1975). It is the likelibood of unaccepiable interference suffered
by a receiver. It is defined as the number of intarference compiaints divided by
the total pumber of receiver licences, see Fig. 8. Under soma conditions, it can
be derived from the Coverage Loss Index. If the number of recsiver locations is
the same as the number of licences, NRP = NRL, and if the number of receivers
suffering interference colncides with the number of complaiots, NRE = NIC, then
the both indices are squal. (The equality is valid as well if shese aumbers remain
in the same proportion). The Coverags Loss Index inyolves uniform criteria and
characteristics of the system, whereas the Interference Complaint Index relates fo
» population of different receivers sad subjective, case-by-case, EMC criteria.
As a result, the two indices can only approximatively be equal.

The PROBABILITY OF INTEAFERENCE is used by Weinberg [Weinberg and
Wiison, 1936]. He takes into account all receivers, all RFI sources, snd all
possible interactions between them. Under certain conditions, this probability
cah be derived from the Coverage Loss Index. As is seen from Fig. 3, the
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Probability of Interference invoives the number of receivers and the number of
RE] sources, wheress the Coverage Loss Index involves only receivers. Thus, if
the same interference criterin are applied, the Coverage Loss Index is NIS times
grester than the Probability of Interference, where NIS is the number of
interference sources.

5. COMPUTATIONAL ASPECTS

Test Sampie. The sample size (i.e. the number of test points)
dotermines the unacertainty with which siatistical performance measures of the
system ars aitimated, Let the “population mean” of n varisble relate to an
untimited 8t of all possible test points, and let the *sample mean” relate to 2
limited 38t of test points involved in the experiment (sample), Because of a
limited sample, the population mexn and the sample mesn of the same variable
may differ. The probability that they differ by no more than & quantity ERR is
subject to the following Tchebysheff’s Inequality [Burington, and May, 1933}

VARIANCE,3
)
. )

P{(MEAN - MEAN®) < ERR) > | -

P{x} i the probebility of event x, MEAN is the population mean, MEAN® is the
sample mesn, VARIANCE is the population variance, and n is the sample size. By
selecting s sufficiently large sample (n), the probability that the sample mean will
fall within & small interval about the population mean can be made as near to
unity as desired. If, for example, the maximum scceptable error equals 10% of
the VARIANCE with a probability of 0.95 or greater, then the sample size should
be not less than 2,000 test points.

The COVRRAGE AREA S13% imposes a Limit on the Coverage Loss Index.
Let the total number of test points diminishes, other conditions being constant.
Then, the numbet of test points without interference, and the number of test
points suffering interference, will change. As long as-thers are many test points,
their ratioc remsins cossiant. With top small coverage area size, the model
resolution imposes a limit. A simple example illustrates this point. Let the
potentiasl coverngt area consists of 100 test points, and let one of thess points
suffer unscceptable interference. The Coverage Loss Index is 1/100. 1If the
pumber of test points is diminished by one, then there are two cases possible:
either the test peint suffering interference is a member of the new potential
coverage area, of it js not. In the first case the Coverage Loss Index is 1/99 and
in the second it equals zero. The limit imposed on the Coverage Loss Index is:

1
COVERAQGE LOSS INDEX >= ®

For example, if a low Coverage Loss Index is of interest, say 1073, then the
potential coverage area should contain 1,000 test points or more

REPEATING TEsTs. In Monte Carlo simulations, the required number of
runs can be determined at the beginning of the simulation experiment. However,
the simulation model also accepts snother approach, Instead of taking a decision

before the simulation experiment begins, & sequential analysis of cumulated data
indicates when sufficient number of observations have been made. For that
purpose, the cumulative mean and standard deviation of the Coverage Loss Index
is calculated after each run. After a sufficient number of runs, the mean differs
from its asymptotic or "true” value by no more than & given quantity (see formula
(5)). This shows that further repetitions are super{luous. The cumulative mean
is the final result of the repeated simulation experiment. The variance shows
how the individual scenes are spread out from the mean. Fig. 10 shows an
example.

ACCELERATION OF COMPUTATION. To keep simulation time short, two
provisions are made. Firstly, simulation variables are represented as integers, 13
much as possible. Secondly, the number of repeated tomputations is kept to a
minimum. The antenna and propagation models ar¢ stored in the computer
memory. To use them, vectors joining the test points 3nd radiation sources have
1o be determined (Fig. 7). With 100 sources and 1,000 test points, there are 10%
vectors. Inatead of computing each vector from original formulas, we use
precomputed tables. In order to determine the resultant level of the unwanted
signal at the test points, we process the signals in pairs. The greater signal of the
pair is selected and the difference between the signal lavels is cafcuiated. If the
difference is greater than 30 dB, then the lower signal is disregarded. Otherwise
& correction factor is applied to the grealer signal. The correction factor is
computed only once.

6. APPLICATIONS

The simulation model is "user friendly", It i *meny driven" and does
not requite any knowledge of programming languages. It input data can easity
be adapted to the user's needs. It is not restricted to any specific EMC problem,
communication system, or radio interference sourca, except for limitations
indicated in Section 3. A typical application example is shown in Fig. 11. This
figure presents results of experiments which imitate actusl measurements of
signal level at the output of the receiving antennas_ It takes only 2 few minutes
1o collect the results from thousands of test points distributed over a large area
and to analyse them statistically. Based on such data, one can evaluate the
interference threat without the necessity of a costly "real-world" measuring
campaign. (Such a campaign, however, may be required to valldate the model, or
to verify the conclusions.) An important feature of the simuiation model is its
flexibility in creating a variety of interference scenarios. This facilitates
sensitivity analyses and helps to examine the effects of varistion of the technical
design decisions. It also aliows for the generation of “if-then” dsts for such
decisions.

The results, even complex ones, are presented in graphicsl form, easy to
understand. This makes the model 8 useful 100l for didactic application and also
for examining relative effectiveness of the various measures undertaken to reach
EMC. The simulation model does not contain sny optimization algorithm to
generate explicitly a "best" solution with respect to predetermined criteria.
Instead, such a solution can be approached experimentally, utilizing & step-by-
step simulation znd evaluation process. Iterative application of simulation and
evaluation leads to a learning process regarding the impact of alternative



solutions. When & compromise solution is sought to satisfy conflicting interests,
the aliernatives may be proposed by the various intefest groups involved. This
may be belpful in overcoming those difTiculties in deriving the EMC
recommendations which result from the lack of experimental data Another
characteristic of the model is that it introduces & number of variables permitting
the examination of complex interference situstions in more detail than previously
possible. It is to be remembered, however, that the model cannot correct errors
in the input dama. Some errors may even cumulate. In practical applications,
simulstion results have to be critically reviewed, with allowance for an
uncertainty margin.

7. FUTURE WORK

Futuro work is planned to remove certain limitations of the mode! and
10 answer some new questions related to its applications. Two examples jllustrate
this point. On Fig. 12 an interference-free area is visible, in the form of the
figure *8°. What conditions must be met to generate such interference-free
areast How 10 maximize them? Fig. 13 shows interference regions on a
coverage map. With 3 single source, a single interference region might be
expected; the map, however, shows a few such regions, some of them far away
from the source. In which circumstances do such *far” RFI regions appear? How
0 minimize them? A general answer is that these are the effects of the spatial
distribution of the equipment, propagation processes antenna radiation patterns
olc.. A detiled analysis is beyoad the scope of this paper. however, such an
asalysis might offer new slements in discussions of EMC issues.

§. CONCLUDING REMARKS

A mew microcomputer model, imitating interactions beiween
radiocommunication systems and the eavironment, has been descrived. The
histograms, maps, and statistical indices produced by the model may help 10
svaluate interference effects on the system performance, The coverage loss index
has been introduced 1o guantily the interference threat. The model is a new
simulstion tool, ¢resting mew opportunities. The essential characteristic of
simulstion is the use of models for experimentation. Having a simulation mode!
of & real system or process, it is qQuite easy to alter the various parameters of the
model and cbserve how it operates with these changes. If the model and input
data are correct, Canciusions drawn from these observations are applicable to the
original system or process. This characteristic makes simulation techniques
promising a3 regards engineering and management Tapplications.  Both, good
engineering and effective mansgement, require an uaderstanding of the system of
concera and & means of studying the impact of the various alternatives possible,
The simulation model fulfills thess requirements.
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1. DEFINITION

DEFINE SIMULATION SCOPE,
FIXED PARAMETERS
AND BOUNDARIES FOR PSEUDO
RANDOM PARAMETERS

3. ANALYSIS

EVALUATE CUMULATIVE
SYSTEM PERFORMANCE
MEASURES

Fig.1. Genenl algorithm of simulation experiment (simplified)

2. SIMULATION
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SIMULATION SCENE
AND EVALUATE SYSIEMF
PERFORMANCE




INPUT DATA

PARAMETERS DEFINDNG
COMMUNICATION SYSTEM

REPERENCE LEVIL DF WANTED SIGNAL
TRANSMETTING ANVENNA PATTERN (*)
MSCEIVING ANTENNA PATTERN (*)
RECIIVER X0 LEVEL {*)

PARAMETENS DEFLVING
INTERFERENCE ENVIRONMENT

nmen oF RF] soumcns
DEMOYMENT OF RFT S0CRCES D1 3D sracs (%)
RF] SOURCE RADIATION LEVEL (*)
RFT 5OURCE SCRFENTSG/ATTERUATION (*)
EXTRRNAL BACKGROLSD NOURE LEVIL (*)

PARLLETERS DEFTNG
PROPAGATION Process

035 OF WANTED $I0NAL (*)
LOM OFL 3{*)

PARAMETERS DEFDENG EMC CRITERIA

MENDALD ACCEPTARLE | EVEL OF WANTED SINAL,
MENDEIY ACCEFTARLE S0 AL-MOIE MARGDE

)

GENERATE SIMULATION SCENE
PCA= O ACAw= O

HAVE

ALL TEST Y

POINTS BEEN
PROCESSZD
1

EVALUATE SYSTEM
~ PERFORMANCE STATSTICS

CHOOSE "NEXT" TEST POINT AND
EVALLIATE LINK PERFORMANCE
(S, ma, W)

ACAc= 1 + ACA

Fig. 2 loput paramesers of the simulasion model

FGUZDOCR G. Staazak 1 VOLI0

Fig 3. System performance evaluation algorithm (simplified)

&)

A MNAEN MEPTARE BONAL LD
ACA = ACRML COVERARL AREA EOJY
B ow bk ACDFTAIME WOSE MARCH
B = BACKAOUSD-NOKSE MARGE

W1 = MRLTANT-NOSE MARGE

PGA = POTOMRAL COMERAGE MREL SIE
1 = SGHAL LIVEL

g

e

—t



C5: moise
hap

.

PRRTIRY

P
(e

ing signal mep
-y

Ad: wanind signal propagation; AS: unwanied signaly
walues)

A vignal margin map; D3:

receiving aenas petiar (elevation), BY: wmamiaing e panesn (axiemoch);
BS: 1 arca and view of inerfering surce srex,

angles; AY: di
). D2: wanted

factor; A2: direct

Fig. 5. Control pane! displaying various phases of simulation experiment on the compater screcn.
The windows represent the following data (lesters indicats the rows and mumbers indicaie columns):
Cl:ﬁzwﬂ:“@warqu(mu:'

targin map (hackgrouad) ;

B1: seceiving antenna patiern (azimath}; B2:
BA: Lransmining sncermia paliers (slevation),

DI: noist margin map (resak
(acmal); DS: coverage bosn indax {cament,

Al: rignal
propegaion

mﬂ__‘..wﬁ.‘_
M.:Wﬁ..__ﬁrmﬁmu.m L
= LT

i
-
: wmmmw
m mm 1
m o ¥ m
j 1!

The system Mmbdﬂamindﬂlﬂmbudﬂpoinudimm over the test area. The

size and position of the tcst ares is defined by the nser.



OUTPUT DATA:
LINK PERFORMANCE MEASURES

DaTA 0N SIGNAL RECEIVED
L oParTACRA

S=10

DaTA W NOISE MARGIN

M= 20 log [t

M1 =20log =
RN+ T

A=

1=10

L33 NIS
I.ish--hipllh-i-tlﬂmm
1, i the sigaal ; 28 e e distmce M
LA i the local screening /avmustion factor
MO is the back grouad-soise margia [4B]

M1 s ibe resaiacs-aoise mangin {4B)

ND is the backpround soise (V]

NR is the recaiver noiva (V)

NIS is bs manber of RF] sourced

PA is e propagadicn sousmiaion facae

RA is the receiver amenns discrisnination facior
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Fig. 10.Coverage Loas Index versus the number of repetitions in & repeaied expesiment as shown oo
the computer dispiay.

Red horizontal lise; maximum value ohserved (about 60%)
Biuc horizontal line: ~~ minimum value observed (sbowt 3%)

Green line: values observed for individusl simulation scenes
Black line; cumulative meas value

Probabilistic simulation, & single interference source, 1600 i1 poinis, 25 repetitions.

Fig. 11, Map of the wanicd signal Jevel over the test area as shown o the computer display. The _
colour scale at the right side indicaes the signal level in 5-dB sieps. Anqwhel'elhesismllqv;hs
below 35 dB are in black; arcas with the level sbove 105 dB are in white. The sransmilier position
coincides with the white cross. Probebilistic simulation, a single inierferencs source, 1600 ies1
points, simulation time aboul one minuwe.
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colour scale s the right side indicates the signal level in 5-dB steps. Areas where the signal level is
below -5 dB are in black: areas with the level above 65 dB are in white, The wansmitier position is
mattedby%':duinufmmeposiliouwimideswiﬂnhewhm square. Note the
interference-free region in the form of “8” between the transmitter and interference source.
Probabilistic simulation, a single imerference source, 1600 te31 poinis.
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Yelow: the ach:al coverage srea
Red: the arca lost due 10 unacceprable interference
Red + Yellow  the poiential coverage arca

The imerference source position is indicated by the arows. Probabilistic situlation, a single
interference source, 1136 s points. The Coverage Loss Index is about 20%.
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The purpose of these notes is to provide an overview of one of
the computer programs related to spectrum mansgament and offered
under CCIR Resolution 88. The text is based on the paper m.

Introduction

This paper presents a computer-aided technique developed to aid in the
planning of low-power re-broadcast television stations. Such stations are used to
fill-in gaps in the signal coverage by high-power tramimitters. The gaps are
unavoidable in hilly aress, where terrtin obstacies attenuate the signal excessively.
Cable television, satellite television, or suxiliary low-powsr re-broadcast stations
are used to fill-in the coverage gaps, and re-broadcasting is often the most
practical solution. .

An suxiliary station must be fitted in with both its signal environment and
itt geographic environment. Numerous complex suslyses are required to reach
that goal during the planing stage. *Planning® fs understood here as the
determining of the technical parameters and geographical location of the atation.
Simplified approaches, elaborated for the high-power stations (e.g. [2]. {31, are
not applicable here, and new tools are sequired. For this purpose, 8 special
software has been developed. 1ty short description is given below,

The software

The software simulates a test siation and its sactual terrain and signal
environment. The user selects the place for the test station and determines its
technical parameters, The software analyses the influence of the environment on
the work of the station, The results are disptayed for the user's evaluation. If
needed, the simulation/analysis process is repeated, with input data modified.
Usually, a few variants are evaluated, and the best is selected.

The software is intersctive, with a simplified usar's interface. The necessary
data are jntroduced by the user and/or automatically extracted from the two
associgtsd data banks. Other elementy needed for engineering analyses, such &3
propagation dats, minimum usable field-strength, protection ratios etc., are
incorporated in the software. These are taken from the relevant CCIR texts (2).
The results of simulation are presented in & graphical form. Relevant colour
diagrams and maps are displayed in various *windows” on the screen. Depending
on the user's selection, the maps can be presented in various scales. The results
can also be written into computer files for further reviewing, processing, or
printing. The micro- computer version of the software works with a personal
computer {IBM AT compatible) with a mathematical co-processor, 1 MB RAM,
EGA (or YGA) graphic card, and 30 MB hard disk,

The specific tasks performed by the software  include, among others, the
following [1], [4}
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- termain-profile analysis;

- line-of-sight coverage analysis;
= propagation analysis;

- frequency chaonel analysis;

- intorference analysis,

Terraln dats bask

The software uses demiled goographic dats stored in a digital termain data
bank. The bank comtnins information about the actual terrain heights, coverage,
¢tc. The basic dats are the termain elevations extracted from the 1:50.000 source
map with & 20m elevation increment betweon sdjacent contours. The elevations
have been determined at the nodal points of a regular grid, approximately 250m
x 250m. For flat regions, the distance between the points is 500m. The regular
structure allows for quick access to the dam by its sddress, derived from the
geographical coordinates. The heights are grouped in files, each file (about 260
kB in size) representing a goographic rectangle of 1 degree latitude and | degree
longitude.

Additions] geographic data contain the extreme terrain heights at specific
poiats (mountain peaks, hill tops), and information sbout the built-up areas,
forests, lakes, country bordess, roads, aad rivers,

Transmitier data bank

All technical snd administrative information sbout existing or planned
swtions which noeds 1o be taken into sccount i incorporated ia the transmitter
dats base. The technical data include the geographic coordinates, frequency
channeis, offyet, polarization, and power radiated st various azimuths. The
sdministrative data, consistent with IFRB standards, include the couniry symbol,
name, and status of the swation. Three possibilities are foreseen. Firstly, existing
stations must ramain intact, Secondly, non-existing stations which are already
coordinated, motified, and included in an approved plan showld not be changed,
except for minor modifications. Lastly, newly-proposed stations are unrestricted
and can undergo any changes,

Access to information is possible by indicating the name of the transmitting
station, its frequency channel, or its location. The transmitier data can be added,
wodified, or deleted, as appropriate. -

Terraln profiles

Predictions of the wanted-signal, interferonce, eic,, require that terrain
slevation profiles be snalyzed. Such profiles are sutomatically genersted, given
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the transmitter and receiver locations. To facilitate the task, two cursors on the
map are provided, representing the transmitter and receiver, respectively.

The terrain profile is produced along the great-circle path connecting the
tracsmitting and receiving antennas. To accelerate computations, the path is
approximated by a number of straight lines. The coordinates of 400 uniformly-
spaced points along the path are generated, and terrain heights are determined
there. For points not included in the terrain data base, linear interpolation
between the nearest data-base points is applied. The effective Earth's radius is
introduced, to allow for the tropospheric refraction of electromagnetic waves.
The terrain profile analysis includes the determination of the terrain roughness
propagation parameter “delta h®, distance between the sniennas, and azimuth
angles a1 which one antenna “sees” ihe another.

Line-of -sight coverage

To fit io & new station with in geographic environmeat, terrain relief is
analyzed. To select an appropriate position for the anteanas, line-of-sight
coverage maps are produced. Such maps identify “shadow" regions (with excess
attenuation) and “visible" regions by different colours.

To produce a line-of-sight map, the tegion of Interest is divided into small
surfuce elemeats, each of them being represented by its central point. The
position of the transmitting antenns and borders of the region 1o be analyzed are
determined by the user. The program Senerates the coordinates of the receiving
antenoa, and moves it from one point to0 another over the entire region. For
every position, the terrain elevation profile is produced as described earlier, The
first Fresnel zone ellipse is construcied and examined for terrain obstacles, given
the frequency and sntenna positions. Common points of the ellipss and terrain
profile are interpreted a3 lack of visibility.

Propagation prediction

The software performs propagation predictions npecessary for further
analyses. Propagation over the land in the VHF/UHF (requency ranges is
assumed, and two propagation models are incorporated. The first one uses the
actual terrain elovation profile betweea the transmitter and teceiver. The profile
is analyzed, and propagation parameters, such as horizon distances and terrain
clearance angles, are dotermined and used for the prediction. The model is
applied when the transmitter and receiver are both located on the sams map
being displayed.

The second model is automatically selected I either the transmitter or the
receiver is outside the current map. [astead of the actual terrain profile, it uses
the terrain roughness parameter "delta h*. Numerical values of that parameter are
pre-computed for the whole country and incorporated in the program.

The field sirength is determined for 1%, 10% and 50% of the time. The
10% value relates to the potential interference allowed for suxiliary stations. For
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the main stations, the 1% value applies. Corrections for attenuation by forests
and built-up areas are included, as appropriate.

Frequency channel amralysis

To fit in 2 re-broadcast station with its signal environment, two frequency
channels, mutually compatible, should bs found. One channel is needed to
receive the signal, and snother one to re-transmit it. Ideally, the transmission
channel should be free from any other signal, Moreover, its use should not
interfere with the existing signal environment. In this context, stations planned
at an estlier stage are comsidered as existing. The reception channel should
contain odly s single, interference-free, strong signal, the wanted one. In
practice, the finding of such channels can be difficult. Special selection
technigues may be required in certain cases these, however, are beyond the scope
of the paper.

To facilitate the task, the software determines, channel by channel, all
signals which exceed a given threshold value at a given test point. Together with
the signal lavel, the signal source is identified. All transmitters included in the
transmitier data bank can be considered. Alternatively, only the transmitters
selected by the user can be taken into account. For each frequency channsl, the
maximum tighal is displayed, together with the results of the interference
analysis. -

Interference asalysh

The software facilitates further the task of channel selection by performing
simplifiad interference analyses. SECAM D/K (VHF/UHF) systems are
assumed. All signals, observed at the piace selected by the user, are analyzed,
When two of them are ¢o-channel, or differ by one, four, or mine channels, a
potential co-channel, adjscent-channel, local-oscillator, or image-channe!
interference Is signalized, respectively. In addition, there may be conflicts with
harmonics from receiver Jocal-oscillators which fafl within the frequency band of
interest. Appropriste protection ratios are taken into sccount, and the minimum
level of the wanted signal, required to overcome interference, is indicated.

The results of the interference and channel occupancy analyses are
displayed together. This facilitates the selection of the reception and transmission
channels. Ia critical situations, where the number of sppropriate frequency
channels is insufficient, only the transmitting channel is to be determined. The
signal for retransmission must then be delivered via satellite or microwave link,
or by cable.

Concluding remarks

A microcomputer engineering tool for the planning of re-breadcast TV
stations has been presented. It is the first software to be submitted to the CCIR
which incorporates the terrain and transmitter data banks and which combines
numerical simulation with data base management, The first version of the

software was developed during the 70s for use with a main-frame computer.
Since that time, it has been verified, tested, modified, and finally used as a
working tool. References [1] and [4]-[6] offer additional information. In 1989,
the microcomputer version of the software was developed.

In an early siage of development, a comparison between the digital terrain
¢levation map and the source map was made {S]. The mean difference between
the computer- and hsnd-made data was 2m, the mean-squeare difference was
15m. The coefficient of correlation was 0.97. The test sample contained 512
points between 400m snd 1000m above sea level. Another comparison was made
between the signal levels measured and predicted. The mean difference was 3
dB, the mean-square difference was $ dB, the correlation coefficient was 0.87.
The test sample contained 36 transmitter-receiver links in a hilly region.

The experience gained with the software in the*planning and coordinating
of re-broadcasting TV stations in hilly and mountainous regions (about 500 in
total) is positive. The software was atso useful for selving s few problems of
local shadowing snd ghost-type television interference im cities.— It seems that its
wider application would be possible, afier appropriats modifications. We can
indicate, for example, the planning of microwsve links, high-power transmitters,
base stations for rursl telephony or for cellylar mobile radio, and other
VHF/UHF stations, in termain of diversified relief.
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