UNI TED STATES DEPARTMENT OF AGRI CULTURE
Rural Electrification Administration

BULLETIN 1751H-701

SUBJECT: Radio System Fundamentals and Point-to-Point
Digital Microwave Radio Systems

TO: Tel ephone Borrowers
REA Tel ephone St aff

EFFECTIVE DATE: Date of Approval
EXPIRATION DATE: Three years fromthe effective date.

OFFICE OF PRIMARY INTEREST: Transm ssion Branch,
Tel ecomuni cati ons Standards Divi si on

PREVIOUS INSTRUCTIONS: This bulletin replaces TE&CM Secti ons 930,
931, and 932 which are to be rescinded.

FILING INSTRUCTIONS: Discard existing TE&CM Sections 930, 931,
and 932 and place this bulletin in Section 1751H, Transm ssion
Desi gn Bul l etins.

PURPOSE: To provide basic information on radi o tel ecommuni cations
and specific informati on on general point-to-point mcrowave radio
systens and on m crowave radi o propagation. Major enphasis is

pl aced on digital systens, but sonme information on the carriage of
anal og television signals is included. This bulletin provides
informati on on FCC frequency allocations and FCC application forns
required fromsystemoperators. Al information in this bulletin
i s advisory.

M chael MF. Liu 4-7-92

Acting Adm ni strator Dat e



=

N

w

e e
O~NOURWNR

NNNNNNNNND

wN P

NN NN

REA Bulletin 1751H-701
Page 2

RADIO SYSTEM FUNDAMENTALS AND
POINT-TO-POINT DIGITAL MICROWAVE RADIO SYSTEMS

TABLE OF CONTENTS

POINT-TO-POINT MICROWAVE RADIO SYSTEMS

GENERAL . . .

FEDERAL CDVI\/UNI CATI O\IS CDVM SSI O\I REQJI REI\/ENTS
CAPABI LI TIES OF M CROMVE . . .

S| TUATI ONS WHERE M CROWAVE MAY BE DESI RABLE
COVPONENTS OF A M CROMVE SYSTEM

M CROMVE EQUI PMENT ARRANGEMENTS . .

EQUI PMENT PRESENTLY AVAI LABLE FOR CDVI\/D\I CARRI ERS
M CROMVE SYSTEM CONSI DERATI ONS .

RPRRER R R R

.
PRERNOONR

A DNO

MICROWAVE RADIO PROPAGATION AND PATH SURVEYS

1 CHARACTERI STICS OF M CROMVE TRANSM SSI ON .
2 LOCATI ON OF STATI ONS AND PATH SURVEYS .

3 LOCATI ON OF ANTENNA S| TES .

4 PATH PRCFI LE.

5 REFRACTI ON.
6

7

8

9

1

DI FFRACTI ON AND V\AVE I NTERFERENCE

REFLECTI ON.

FADI NG . .

M CROMVE PATH L@SES AND GAI NS .o .
0 I LLUSTRATI VE EXAMPLE OF CALCULATI ON G: M CRO/\AVE ANTENNA HEI GHT .

.
PR OODOANR R R

NNNNNNNDNNDN
(OO o

RADIO SYSTEM GUIDE TO FORMS REQUIRED BY
THE FEDERAL COMMUNICATIONS COMMISSION

GENERAL . . .

PO NT- TOPONT MCRQ/\AVE RADIO(FCI: PART 21) .o
PUBLI C LAND MOBI LE RADI O, RURAL RADI O, DQOVESTI C PUBLI C CELLULAR RADI O
TELECOWUNI CATI ONS, AND BETRS (FCC PART 22) . . .

COMMON CARRI ER LI CENSE EXPI RATI ON DATES AND PRG:ESSI NG FEES
TELEPHONE NMAI NTENANCE RADI O (FCC PART 90) . .

ANTENNA STRUCTURES (FCC PART 17) (FCC PART l)

EQUI PMENT AUTHCRI ZATI ON (FCC PART 2). . . .

REA REQUI REMENTS AND M SCELLANEQUS | TEMS.

0000
N

WWwWwwww

g
PP 00O 01w

= O



REA Bulletin 1751H-701

4. LIST OF FIGURES

Fl GURE
Fl GURE
Fl GURE
Fl GURE
Fl GURE

Fl GURE
Fl GURE
Fl GURE
Fl GURE
Fl GURE
Fl GURE
Fl GURE
Fl GURE
Fl GURE
Fl GURE

INDEX:

AC
BER
BETRS
CFR
CGSA
dB

dB,
DC

Al - RECGENERATI NG REPEATER . . .

A2 - BLOCK DI AGRAM CF TYPI CAL M CRQ/\AVE SYSTEM .o .
A3 - BASIC RF EQUI PMENT ARRANGEMENT FOR A TWD HOP SYSTEM .
A4 - HOT STANDBY ARRANGEMENT FOR A TWD HOP SYSTEM

A5 - SPACE DI VERSI TY EQUI PMENT ARRANGEMENT .

Bl - PATH PROCFILE - RECTANGULAR GRAPH PAPER ( CURVED M CROMAVE BEAM
B2 - PATH PRCFI LE - RECTANGULAR GRAPH PAPER . Co
B3 - PATH PRCFILE - CURVED GRAPH PAPER . . .

B4 - EXAMPLE OF MULTI PATH PROPAGATI ON BY REFRACTI O\I

BS - HUYGEN S WAVELETS .

B6 - DI FFRACTION . . . .

B7 - DIFFRACTIO\IO\/ERAHILL.

B8 - FRESNEL ZONE . .

B9 - CROSS- SECTION OF FRESNEL ZO\IE

B10 - FRESNEL ZONE ENVELOPES

M crowave Radi o Systens, Radio Propagation, Digital Radio Systens,
FCC Radi o Requirenents, Point-to-Point Radio Systens

ACRONYMS AND ABBREVIATIONS
(with Definitions)

Al ternating current

Bit error ratio or bit error rate

Basi ¢ Exchange Tel ecommuni cati ons Radi o Service

Code of Federal Regul ations

Cel | ul ar Geographic Service Area

deci bel - a power ratio commonly used by engineers. (Derived from
Bel which is the logarithmto the base 10 of the actual power ratio)
deci bel s referenced to one mlliwatt

Di rect current

DS1, DSs2, DS3 Desi gnations used for digital carrier systemline rates

FAA
FCC
Gz

I Oglo
Mo/ s

NOTE:

equations and figures that are explicitly defined in the text.

Federal Aviation Admi nistration

Federal Communi cati ons Conmi ssion

G gahertz (one billion Hertz)
logarithmto the base 10

Megabits (one mllion bits) per second
Megahertz (one million Hertz)

Nat i onal Cceanic and At mospheric Admi nistration
Pul se Code Modul ati on

Radi o frequency

Speci ali zed Mobil e Radi o Service
United States Geol ogi cal Survey

G eek letter gamma used for wavel ength in the text
Geek letter theta defined in the text
3. 1416, a nmathematical constant

Page 3

o

PPRPOOOO~NOO Oh~hWNPE

o

PEBABABABABADAEADS MAAAAS

.
e e
[Ny NN

There are nore than 50 single letters and conbinations of letters used in

significance outside of this bulletin, and have been arbitrarily chosen to
sonme portion of the text.

They have no

expl ain






REA BULLETIN 1751H-701
Page 1-1

1. POINT-TO-POINT MICROWAVE RADIO SYSTEMS

1.1 GENERAL

1.12.1 This bulletin is intended to provide REA borrowers, consulting engineers, and
other interested parties with information on microwave radi o systens and ot her
fundanental topics concerning radio. In particular, it brings together in one place
a | arge anobunt of basic information on Federal Communications Conmi ssion (FCC)

requi renents. The bulletin is divided into three parts so as to distinguish between
three basic topics. Al information and reconmendati ons provided in this bulletin
are advisory. The bulletin is not intended to be a tutorial. It is assunmed that
the reader already has a basic concept of radio and its use in electrica
comruni cati ons.

1.1.1.1 The first part discusses the factors affecting the use of mcrowave
equi pnent currently avail abl e and shoul d provi de assistance in determning the
applicability of m crowave for use in tel ephony.

1.1.1.2 The second part of the bulletin provides technical informtion which can be
used in making prelimnary paper designs and econonic studies for mcrowave systens.
It discusses in particular the theory of radio path propagation and met hods of
maki ng m crowave path surveys

1.1.1.3 The third part provides guidelines, information, and reconmendati ons on
forms required by the Federal Communi cations Conmi ssion (FCC).

1.1.2 Al though enphasis is placed on general point-to-point nicrowave service, this
first part nmentions three other fixed mcrowave services that are |licensed by the
Federal Communi cations Conmi ssion (FCC) but not normally provided by small

i ndependent tel ephone conpanies in a rural environnent.

Two of these provide for point-to-nultipoint service but this should not be confused
with true area coverage

1.1.3 Basic Exchange Tel ecommuni cations Radi o Service (BETRS) and Cellul ar Radio
systens are exanpl es of general subscriber service to a | arge nunber of potentia
subscri ber stations distributed throughout a specified geographic area. These
provide true area coverage but utilize radio frequenci es bel ow m crowave
frequencies. Area coverage is not included in this part of the bulletin

1.1.4 The FCC has only recently started on the Iong process of revising its
extensive set of Code of Federal Regulations (CFR) volunes to place all referenced
terms in the metric system This process does not entail a sinple nathematica
conversion calculation. Rather, it involves an adjustment of a regulatory quantity
now expressed as a sinple (non-decimal) value in feet

or mles to a new arbitrary but approxinmate value in neters or kilometers. Since a
maj or portion of this bulletin discusses FCC requirenments it cannot at this time be
fully converted to the netric system This will be acconplished through a revision
at alater tine. This bulletin is not a specification; nor is it an REA regul atory
docunent .

1.1.5 Mst manufacturers of m crowave equi pnent conduct schools to provide
technical training for customer maintenance technicians. The test equi pment and
nmet hods recomrended by the microwave supplier should be used to make equi prent
neasur enent s.

1.2 FEDERAL COMMUNICATIONS COMMISSION REQUIREMENTS

1.2.1 A microwave radio station authorization (license) nust be obtained fromthe
FCC prior to comrencenent of any proposed station construction. Al construction
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nmust be conpleted within an 18 nonth construction period extending fromthe date of
the license grant. The license will specify the term nation date of the
construction period. The license will be issued for

a period not to exceed 10 years. It will normally expire on February 1 in the year
of expiration. The FCC reserves the right to grant or renew station |licenses for a
shorter period of tine.

1.2.2 Mcrowave transnitting equi pment nust have an equi pnent authorization from
the FCC before a radio station authorization (license) can be obtained. Either the
manufacturer or the inporter of the transmtting equi pnent nust apply for an

equi pnent aut horization before it is offered for sale. Currently, the procedure to
be followed for point-to-point mcrowave radio transmitters is called notification
In the past it was type acceptance. Either procedure will suffice. For nore

i nfformati on on FCC equi prent aut hori zati on procedures see 47 CFR 2.901 through 47
CFR 2.1065. This citation covers subpart J of Part 2 of the FCC Rul es and

Regul ations. A brief discussion of this subpart can be found in paragraph 3.7 of
this bulletin

1.2.3 Part 21 (or 47 CFR 21) of the FCC Rul es and Regul ations covers the foll ow ng
four services:

(a) Digital Electronic Message Service

(b) Point-to-Point Mcrowave Radi o Service
(c) Local Television Transni ssion Service
(d) Miltipoint Distribution Service

1.2.3.1 Digital electronic nessage service is a tw-way donmestic end-to-end fixed
radio service utilizing digital termnation systens (point-to-nultipoint systens
consi sting of nodal stations and their associated user stations) for the exchange of
digital information

1.2.3.2 Point-to-point mcrowave radi o service is a general domestic public radio
service between fixed stations. This service is the najor topic being discussed in
this bulletin. It is the only FCC Part 21 service currently being offered by REA

t el ephone borrowers.

1.2.3.3 Local television transm ssion service is a donestic public radio
comruni cation service for the transm ssion of television and related nmateri al

1.2.3.4 Miltipoint distribution service is a one-way donestic public fixed radio
service froma transnmtting station to multiple receiving facilities.

1.2.3.5 The above four services utilize mcrowave radi o frequenci es which FCC Part
21 defines as frequencies of 890 M#z and above. They are available to al

conmuni cati on comon carriers. The first three may only be used for comon carrier
purposes. The last may be used for both common carrier and non-conmon carrier

pur poses.

1.2.4 An FCC radio station authorization for Point-to-Point Mcrowave Radi o Service
may permit the transm ssion of broadcast television signals, closed circuit
tel evi sion signals and ot her non-broadcast television signals if the FCC Conmon
Carrier Bureau determines that the applicant does not originate or control the
content of the transmi ssion. The FCC may, when certain conditions are net,
authorize a radio station that will be used primarily to relay broadcast television
signals. The FCC rmakes the above determ nations, not REA

1.2.5 Frequencies in the foll owi ng bands may be used by REA borrowers for point-to-
poi nt microwave radi o service

(a) 932.5-935 MHz; 941.5-944 M&
(b) 2110-2130 MHz; 2160 - 2180 Mz

(c) 3700 - 4200 M

(d) 5925 - 6425 Mtz

(e) 10,550 - 10,565 Miz; 10,615 - 10, 630 M
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(f) 10,700 - 11,700 M
(g) 17,700 - 18,820 Mz; 18, 920-19, 160 MHz; 19, 260-19, 700 M
(h) 21,200 - 21,800 Miz; 22,400 - 23,000 Mi

The bands specified under (a) and (h) have little to offer REA borrowers and
consequently, do not appear in the REA List of Materials. The FCC lists four
addi ti onal bands for point-to-point microwave radi o service but no manufacturing
conpany of fers equi pnent for use at the present tine. These bands are: 13,200 -
13,250 MHz; 27,500 - 29,500 MHz; 31,000 - 31,300 MHz and 38,600 - 40,000 MHz. The
bands desi gnated under (b) through (h) above are quite often referenced as 2GHz,
4GHz, 6GHz, 10 GHz, 11GHz, 18GHz, and 23 GHz.

1.2.5.1 There are many footnotes associated with the frequency table in 47 CFR
21.701(a) that are too nunmerous to nention in this bulletin. However, all tel ephone
borrowers and their consulting engi neers shoul d beconme familiar with these
footnotes. Many of themare informational in that they indicate other radio
services that share the sane frequency band. A frequency search (which is always
required) will detect possible radio interference

1.2.6 Bandwidth Limtations for Point-to-Point Mcrowave Radi o. The nmaxi mum FCC
aut hori zed bandwi dth for various radi o bands are set forth bel ow

Frequency Band (IVHz) Maxi mum Bandwi dt h ( MHz)
932.5 to 935; 941.5 to 944 0.2
2110 to 2130; 2160 to 2180 3.5
3700 to 4200 20.0
5925 to 6425 30.0

10,500 to 10, 680 3.75
10,700 to 11, 700 40.0
13,200 to 13,250 25.0
17,700 to 18,580; 19,260 to 19, 700 220.0
18,580 to 18,820; 18,920 to 19, 160 20.0
18,820 to 18,920; 19,160 to 19, 260 10.0
21,200 to 22,000; 22,000 to 23,600 100.0
27,500 to 29, 500 220.0
31,000 to 31, 300 25.0 or 50.0
38,600 to 40,000 50.0

1.2.7 The FCCrequires that m crowave transnmtters enploying digital nodul ation

t echni ques and operating below 20 GHz shall have a bit rate (in bits per second),
equal to or greater than the occupied bandwidth in Hertz. Currently avail able

m crowave radi os usually have spectral efficiencies of 2 to 5 bits per second per
Hertz. As can be determned fromthe preceding table, the bandwidth limtations for
2 GHz and 10 GHz severely limt the capacity obtainable fromthese units. However,
due to new nodul ati on techni ques of fering high spectral efficiency, 2 GH microwave
radi os have recently becone available that pernit bit streams hi gh enough to handl e
288 encoded voi ce channel s.

1.2.8 Linmtations on Path Lengths. Radio frequencies in the follow ng bands are
not permtted by the FCC to be used on transmni ssion paths shorter than the indicated
di st ances bel ow

2110 to 2130 MHz; 2160 to 2180 Mz 5km (3.1 mles)

3700 to 4200 MHz 17km (10.56 mi | es)
5925 to 6425 Mz 17km (10.56 mi | es)
10, 700 to 11,700 Mz 5km (3.1 mles)

The FCC does grant exceptions to these limts if the rule would entail excessive
cost in construction or maintenance

1.2.9 Linmtations on Channel Loading. Some of the comonly used frequency bands
avai |l abl e to tel ephone conpani es under Part 21 regul ations have a mnimumtraffic
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| oading restriction intended to ensure that the radio spectrumis efficiently

al | ocated anong different users. These traffic |loading restrictions require the
prospective mcrowave user to denonstrate that within a reasonable growth period
after installation, the traffic requirenents will reach the m ni num standard
appropriate for licensing in that band

1.2.9.1 There is one FCC requirenent on initial channel |oading that may offer
probl ens to tel ephone borrowers wishing to apply for an initial working radio
frequency allocation on the 4 GHz, 6 GHz or 11 GHz bands. An application for an
initial working channel over a given route will not be accepted for filing where the
anticipated loading (within five years or other period subject to reasonable
projection) is less than 900 voi ce channels. An exception is nade, however, for an
11 GHz channel radio that requires a band-width | ess than 20 MHz. The mi ni mum for
this case is 240 voice channels. Digital nicrowave radi o equi pnent is avail able
today at both 6 Gz and 11 GHz that provides 672 channels in a 10 Mz and a 20 Mz
bandwi dt h, respectively. The above limtations were established many years ago in
t he age of anal og m crowave.

1.2.10 Digital Electronic Message Service. This is a two-way donestic end-to-end
fixed radio service utilizing digital term nation systens for the exchange of
digital information. It may al so make use of point-to-point mcrowave facilities,
m crowave satellite facilities or other comunications nedia to interconnect digita
term nation systens to conprise a network. A digital termination system (DTS) is a
point-to-multipoint radi o systemconsisting of digital termnation nodal stations
and their associated digital term nation user stations. They nornmally exist only in
Metropolitan Statistical Areas. The user stations always have directive antennas.
The nodal station antenna may be ommidirectional or directional. Only the 10 Gt
band (10,550 - 10,680 M#z) and the 18 GHz band (17,700 - 19,700 MHz) are avail able
for use in this common carrier service

1.2.11 Local Television Transm ssion Service. Point-to-Point mcrowave radi o can
be used to furnish service to radio and tel evision broadcasters as well as cable

tel evision systemoperators. However, the Rural Electrification Act does not permt
REA funds to be used for radi o broadcasting or conmercial cable television. The FCC
Common Carrier Bureau pernmits the use of the 4 Gz, 6 Gz, 11 G and 23 GH bands
(listed previously for point-to-point microwave stations) for studio to transmitter
links. Separate sets of frequencies are provided for television non-broadcast

pi ckup nobile stations. These are

6,425 to 6,525 Miz* 21,200 to 22,000 M
11,700 to 12,200 MHz* 22,000 to 23,600 M
13,200 to 13,250 MHz 31,000 to 31, 300 M
14,200 to 14, 400 MHz* (* different from above point-to-point

m crowave bands)
The FCC Mass Media Bureau will assign additional frequencies to comon carriers.

1.2.12 Miltipoint Distribution Service. This is a one-way donestic public fixed
radio service froma station transmtting (usually in an omidirectional pattern) to
nmultiple receiving facilities. It may be operated as a conmon carrier or as a non-
conmmon carrier service. Although any kind of comunication service nmay be
rendered,it is usually used in connection with Instructional Tel evision Service
which is licensed by the Mass Media Bureau. Each channel may provi de one standard
tel evision signal with a bandwi dth no greater than 6 MEz for both visual signal and
acconpanying aural signal. 1t will normally enploy vestigial sideband anplitude
nmodul ation for the visual signal and frequency nodul ation for the acconpanying aura
signal. Only mcrowave frequencies are enployed for transmssion. |If the |licensee
wi shes to insure that transm ssions will not be received in intelligible formby
unaut hori zed subscribers or |icensees, the standard tel evision signal may be varied
provi ded that the encoded information is recoverabl e without perceptible
degradation. The tariff must clearly describe the degree of privacy or security a
subscri ber can expect in ordinary service
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1.2.12.1 Instructional Television Service utilizes eight 6 MHz channel s (desi gnhated
as E and F Channels) within the band from 2596 to 2644 MHz. The Common Carri er
Bureau usually calls this multichannel nultipoint distribution service. There are
some associ ated response channels for the reverse direction located in the 18 Gt
band. For other types of service (e.g. non-broadcast ommidirectional radio)
channels 1 and 2 located in the 2150-2162 MHz band may be used

1.3 CAPABILITIES OF MICROWAVE

1.3.1 Mcrowave transnission is generally defined as the transm ssion of

el ectromagneti c waves whose frequency falls approximately in the range between 1

G gahertz and 50 G gahertz (wavel engths of 30 cmto 6 mm. The propagation through
t he at mosphere of signals in this frequency range exhibits many of the properties of
light, such as line-of-sight transmi ssion, reflection fromsnooth surfaces, etc

M crowave systens have many applications in the tel ephone industry because high
quality circuits can be derived for intertoll trunks, toll connecting trunks,

ext ended area service trunks, subscriber service and special services. Mcrowave is
al so suitable for transm ssion of black and white or color television, data, and
data under voice, with negligible inpairment frominpul se noise, delay distortion
frequency error, frequency response, or steady state noise

1.3.2 Another attractive aspect of mcrowave is the ease with which channels can be
added or renoved after the basic radio frequency (RF) and carrier multiplex

equi pnent is installed. Certain types of RF equipnent will carry up to 2000 or nore
voi ce channel s wi thout any change in the basic RF equi pnent. The probl ens
associated with cable facilities such as physical damage, induction noise, right-of-
way problenms, circuit expansion limtations and simlar problens are reduced with
the use of m crowave

1.3.3 The initial cost of a mcrowave system depends on the type of radio frequency
and mul tiplex equiprment used, the nunber of channels, the nunber of hops in a
system the terrain, the type of antennas, the cost of the necessary towers and
other factors. In sone cases mcrowave will require a lower initial investnent,
provide greater reliability, and have | ower operating costs and mai nt enance than
cable facilities.

1.3.4 1t is highly desirable to use digital mcrowave equipnment for all new
installations in order to eventually achieve a conplete integrated digital network.
The only exception to this would be in the event that a borrower wants to use the
m crowave equi pnment to carry television signals. Analog equipnent is the best
choice for the current standard tel evision channel

1.3.5 The input and output baseband signal for a digital mcrowave radio is a
single bit stream This may range from approximately 1.544 Mo/s to approxi mately
144 Mo/s. The baseband signal is used to nodul ate a radio frequency carrier. The
RF carriers used range from2 Gz to 24 GH.

1.4 SITUATIONS WHERE MICROWAVE MAY BE DESIRABLE

1.4.1 There are at |least four conditions where microwave will often be nore
desirabl e than other types of facilities. These situations are discussed in the
fol |l owi ng paragraphs.

1.4.2 1In some cases the length of a circuit route and the | ong range estimate of
channel requirenments will result in the use of microwave being nore feasible than
cable facilities. The expansion capabilities of mcrowave are such that many
channel s can be added w t hout any changes or additional cost for the RF equipnent.
The cost per channel for additional channels on a mcrowave systemw ||l sonetines be
|l ess than for circuits derived on cable facilities, and as nore channels are

requi red, the per channel cost wll becone |ess.
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1.4.3 Another situation where mcrowave offers definite advantages is in areas of
difficult terrain. Wen comunications nmust be provided in nountainous areas,

m crowave can usually be provided at | ess cost than cable facilities. In
nmount ai nous areas, the cable route will normally be long since it usually does not
take a straight-line path like mcrowave, but follows a wi nding road. The necessity
of crossing obstacl es such as | akes and swanps is nade nore practical and nore
econonmical with the use of microwave, as well as other cases where topographica
characteristics make the construction of cable facilities expensive or inpossible

1.4.3.1 In areas where PCM cable carrier is advantageous with the exception of an
obstacl e such as a | ake or section of ground that is too hard for buried cable
digital mcrowave radio can be used as an "aerial insert" to bypass the obstacle
This application of digital radio allows the PCMsignals on the cable to be
continued over microwave radio without the need for any anal og-to-digital or

di gi tal -to-anal og conversions.

1.4.4 1In many instances it is necessary for one tel ephone conpany to connect wth
anot her conpany's toll circuits. Wen the connecting conpany derives its tol
circuits using mcrowave, the other conpany may be required to provi de nicrowave
radio and nul tipl ex equi pnent such that the two systens can neet "mid-air" on a

m crowave frequency basis; the use of identical or closely simlar radio equi prent
at both ends of such a link is reconmended for ease of maintenance and

adm ni strati on between the connecting comnpani es.

1.4.5 Mcrowave can also be used to provide video circuits. Mst mcrowave

equi pnent has sufficient bandwi dth for transm ssion of the video portion of one

tel evi sion channel over each mcrowave RF channel. The audio for the television
channel can be transnitted over the same RF channel using a subcarrier or it may be
carried over a separate facility. Mst nicrowave systens of current design will
permt the application of several nodul ated subcarriers over the video channe

wi t hout significant degradation. This frequently pernmits the transm ssion of FM
stereo programnmaterial, voice and/or telemetry circuits in addition to the video
sound carrier over the

sane RF channel as the video information

1.5 COMPONENTS OF A MICROWAVE SYSTEM

1.5.1 Transnmitters and Receivers. The basic building bl ocks of a mcrowave system
are the radio frequency (RF) transmitters and receivers. These units nmake it
possible to send and receive informati on at nicrowave frequencies. Mst nicrowave
transmtters are capabl e of an output power of one watt or nore. A transmitter used
in atermnal |ocation has provisions for nodulating the RF carrier wth baseband
signals fromthe carrier multiplex equiprment. Receivers are capable of providing a
useabl e baseband output with received mcrowave signal levels as low as -80 dB,, A
term nal receiver includes a denodul ator to provide the baseband output to the
carrier mltiplex.

1.5.2 Carrier Miltiplex. The mcrowave RF equi prment has a w de bandwi dth which is
capabl e of carrying many channel s of information. These channels are derived using
mul ti pl ex equi pment which can conbi ne several hundred channels for transnission over
one RF channel in a single bit stream

1.5.3 Active RF Repeaters. Active or regenerating repeaters are used when the

di stance between ternminal stations is too great to allow a received signal of
acceptabl e I evel and also when it is necessary to insert and drop channels at points
between terninal stations. An active repeater can be used at one or nore
intermedi ate points to regenerate the signal or to allow adding or dropping of
channel s.

1.5.3.1 In the case of digital radio transmssion, a digital repeater can best be
described as a regenerating repeater, in that the received pul ses that are

denodul ated fromthe incom ng RF frequency trigger the generation of new pulses to
be nodul ated onto the succeeding transmitter, so that any pul se that has been
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degraded by noise is conpletely renewed. Thus, even though this process is
continued at each repeater, noise and distortion is not added to the system as in
anal og radio transm ssion. The noise and distortion contributed by an anal og
repeat er can becone serious in |ong-haul, high density toll routes where nany
repeaters are required, and a digital radio systemcould be nore advantageous for
this type of radio route. The receivers and transmitters used in a regenerating
repeater are the same type as those used at a terminal station, and the repeater can
be actual ly thought of as two terminal stations connected back-to-back at the
baseband | evel. See Figure Al for a block diagramof a regenerating repeater

1.5.4 Passive Repeaters. A passive repeater is sonetinmes required when there is an
obstacl e such as a high nountain in the |ine-of-sight mcrowave path, where the
cost, naintenance and power requirenents for an active repeater would be

prohi bitive. The passive repeater is located in such a position as to act as a

m crowave mirror, reflecting the mcrowave signal as a mrror reflects a |ight beam
to bypass the obstruction. A passive repeater may be a large reflecting surface
simlar to a billboard, or it nmay be two parabolic antennas connected back-to-back
t hrough wavegui de. Both types are used to change the direction of a mcrowave
signal. The passive repeater does not use transistors, or other active devices and
therefore requires no power source unless heating is necessary to prevent ice from
accurrul ating on the antenna surfaces. See Figure A2.

1.5.4.1 Another type of repeater that is in use is an RF repeater which receives
and anplifies a microwave signal and redirects it along another route. It is
essentially two parabolic antennas connected back-to-back through a radi o frequency
amplifier, making this repeater arrangenent nmuch nore efficient than two parabolic
ant ennas connected directly. The power requirenments of the RF repeater are such
that solar energy can be used to power the repeater efficiently and economically.
In many instances, the cost of this type of repeater is substantially less than the
bi | | board passive repeater

1.5.5 Antennas. A parabolic or a horn antenna is used in nicrowave systens to
concentrate radi ated energy into a narrow beam for transmission through the air
This results in the nost efficient transm ssion of radiated power with a m ni mum of
interference. An effective gain of 25 to 48 dB over an omm -directional antenna is
possi bl e dependi ng upon the size of the antenna and the m crowave frequency used

1.5.6 Radones. A radone is a protective covering used to prevent snow, ice, water
or debris fromaccumul ating on a microwave antenna. Heated radones are avail able
for use in areas where severe ice and snow conditions exist. The use of a radone
results in | ower antenna gain

1.5.7 Transnmission Lines. Transnission |lines provide the nmeans of coupling the
transmtter and receiver to the antenna. There are two types currently avail able
wavegui de and coaxi al cable. The radiated output power of the transmitter will be
substantially reduced if the transmssion line is incorrectly used or if its length
is too long, so precautions should be taken to use the correct type of line for the
radi o equi pnent used, and to keep all transnission line | engths short.

1.5.7.1 Waveguide. A waveguide is a hollow nmetal duct which conducts el ecto-
magnetic energy. This type of transm ssion |ine can be used for distances of a few
feet up to several hundred feet. A typical type of wavegui de has a | oss from about
1.7 dB per hundred feet at 6 G gahertz (GHz) to about 3.0 dB per hundred feet at 11
GHz. It is used at nmicrowave frequenci es above 2 GHz and can have either a
rectangul ar, elliptical, or circular cross-section, depending upon the system
operation requirenents. The length of a waveguide run is nore critical at higher
frequenci es since attenuation increases with frequency. Al waveguide runs are
pressuri zed

1.5.7.2 Coaxial Cable. At |low mcrowave frequencies, 2 CGhz or |less, coaxial cable
can be used as the connecting facility between the transmitter, receiver and antenna
i nstead of wavegui de. The |oss of coaxial cable depends on the type of conductor
the cable diameter, the type of dielectric, and the operating frequency. Coaxia
cable with a dianeter of one inch or nore should be used for long cable runs; 7/8"
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di ameter coax can be used satisfactorily for short runs. The coaxial cable can have
either a pressurized air or expanded pol yethel yne (foan) dielectric between
conductors, however, the air dielectric coaxial cable has | ess attenuation for a
given dianeter. 1In general, pressurized air dielectric coaxial cable is used with
hi gher capacity systens because the return | oss characteristics of foamdielectric
lines may be a significant distortion contributor in such systems. This is not
usual ly a consideration in systens of |ow channel capacity. The cost of coaxia
cable is |l ess than wavegui de and shoul d be used when possible. Extreme attenuation
of radio signals above 2 Gz in the coaxial cable generally prohibits its use at the
hi gher m crowave frequency bands.

1.5.8 Reflectors. A passive reflector can sonetines be used in systens operating
near a power substation to avoid the el ectromagnetic interference (EM) potential in
pl ace of using |l ong runs of wavegui de connected to a parabolic antenna at the top of
the tower. A reflector may be nounted at a 45 degree angle at the top of the tower,
while the antenna is mounted horizontally at the base of the tower, ainmed at the
reflector. The microwave signal is radiated fromthe antenna, reflected off the
reflector, and sent in a direction of propagation to the other end of the radio
path, just as though the antenna was radiating directly fromthe top of the tower.
However, this type "periscope" or "fly swatter" antenna systemw |l not be

aut hori zed by the FCC under ordinary circunstances because of its interference
potential with comunications satellites. A waiver fromthe FCCis required

1.5.9 Towers. The towers used in mcrowave systens nust be rigid to prevent
antenna deflection during wind or ice |oading conditions. Quyed or self-supporting
towers are avail able for use on mcrowave systens. A guyed tower is about one-third
the cost (per foot, installed) of a self-supporting tower, but in some cases the
difficulty of acquiring enough |and for guying prohibits the use of guyed towers.
The height of the tower is determned by the terrain, the mcrowave frequency band
used, the propagation characteristics, the distance between the transnitting and
receiving ends of a path, and the required reliability. The tower mnust be high
enough to provide a |line-of-sight path above any obstructions. |If reflection
interference is a problem the antenna nounting heights are critical and the optinm
hei ght nay be | ess than the maxi num hei ght avail able on the tower.

1.5.10 Buildings. M crowave equi prent should be located in the central office

equi pnent bui | di ng when possible. There are sonme situations, however, when RF

equi pnent nust be located renotely froma central office building, as in the case of
an active RF repeater. In these situations sone type of building nust usually be
provi ded for equi pnent protection. Usually a sinple prefabricated building is
sufficient. Were tenperature and hunidity variations exceed the operating limts
of the mcrowave equi pment, a heater or air conditioner is required to keep the

equi pnent within its operating tenperature range

1.5.11 Primary and Standby Power Equi pnent. Primary power sources for RF equi pnent
may be DC or AC as specified by the purchaser. Central office batteries or 117
volts AC conmmercial power nay be used. In sone cases, thernoelectric generators or
fuel cells can be used when the power requirenents of the mcrowave equi pnent are
low.  Standby power equi pnent shoul d be provided at mcrowave termnals or active
repeater locations to nmaintain systemoperation in the event of a comercial power
failure. Conmmunication circuits are very inportant during times of emergency such
as storms, floods and ot her disasters which may cause comerci al power outages.
Therefore, it is inperative that some type of standby power source be avail able for
circuits derived by mcrowave. Wen microwave equiprment is located in a centra

of fice building, stand-by power is usually available fromcentral office equipnent
batteries or an engi ne-generator. However, at renote sites standby power must be
provi ded specifically for the mcrowave equi pment. The stand-by power source may be
batteries, an engi ne-generator or in sone cases a thernoel ectric generator, fue

cell or solar energy.

1.5.12 Alarm Systens. Wen a mcrowave system has renote unattended stations, it
is desirable to have an alarmsystemwhich will report faults fromthe renote
location to an attended office via the microwave signal. These alarnms will expedite
t he mai ntenance of m crowave systens and reduce the circuit outage tinme. Were
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alarms froma | arge nunber of unattended stations are reported to a centra

mai nt enance control center, consideration is often given to a conputer-based al arm
reporting systemwhich prints out all changes in status at each station with tine
and date information

1.6 MICROWAVE EQUIPMENT ARRANGEMENTS

1.6.1 Basic Equi pnent Arrangenent. A microwave terminal is |located at each end of
a system and the basic arrangenment consists of one transmitter and one receiver. An
active regenerating mcrowave repeater can be thought of as two term nals back-to-
back and a basic repeater arrangenent consists of two transnmitters and two
receivers. See Figure A3.

1.6.1.1 The basic equiprment arrangenent is used when it is not necessary to provide
duplicate equipnent for protection against path outgages. This arrangenent is not
necessarily used since standby or diversity equipnment is desirable to provide

i ncreased systemreliability.

1.6.2 Hot Standby Arrangenent. Hot standby is an arrangenent where two
transmtters are on and operating at the sanme radio frequency but only one is
connected to the antenna. |If the operating transmitter fails, the second or standby
unit is automatically connected to the antenna and the defective transmitter is

di sconnected. The switching of transmitters occurs in a fewnilliseconds after
sensi ng equi prent has deternmined that a unit is defective. Two receivers are used
and both are permanently connected to the antenna. The two receiver outputs are
conbined into one resultant signal. See Figure A4 for an exanple of a hot-standby
arrangement. Hot standby provides increased equi pnent reliability, but does not

i ncrease propagation reliability. A variation of the hot standby arrangenent

i nvol ves the main and standby transmitters continuously feeding the antenna in a
phase-1| ocked configuration; fault conditions then cause the di sconnection of the
faulty transmitter. This arrangenent has an RF power increase of 3 dB under normnal
conditions over the single transmtter output.

1.6.3 Space Diversity. For inprovenents in propagation reliability, a space
diversity antenna arrangenment can be used. |In a space diversity system one
transmtter and its associated antenna radiates on a transmt frequency. This
signal is received by two receivers which are tuned to the same frequency but
connected to separate antennas |ocated at different positions on the tower. The
recei ver output signals can be conbined to give a conposite output, or switching can
be done between receivers, keeping the receiver with the best Bit Error Ratio (BER)
(in the case of a digital radio system) connected to the line. Vertical spacing
between the two receiving antennas shoul d be approximately 60 to 80 feet at 2 GHz,
30 to 40 feet at 6 GHz and 25 to 30 feet at 11 GHz. Space diversity provides a
substantial increase in reliability, especially over highly reflective surfaces such
as water or desert. The necessity of two receiving antennas, two receiving
wavegui de runs, strong towers because of the two antennas and a taller tower
required to give the necessary antenna spacing tends to nmake space diversity a nore
expensi ve neans of increased path reliability. See Figure A5 for a diagramof a
space diversity arrangenent

1.6.4 Frequency Diversity. A frequency diversity arrangenent can be used at

m crowave frequencies above 2 GHz when equi pnment and propagation reliability is
desired and required comuni cations cannot practically be achieved by other neans.
This nethod increases the total systemreliability by providing both path and

equi pnent duplication. Two transmitters are on the air sinultaneously and both are
nodul ated with the sane baseband signal but are tuned to different radio
frequencies. The different frequencies can be either within the sane operating
frequency band, or in two different operating frequency bands. Both transmtters
are connected to the sanme antenna which radiates the signals to the far-end of the
path. At the far-end of the path there are two receivers and each receiver accepts
the one incomng signal to which it is tuned. Each receiver then provides as an
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out put the signal which nodulated the transmitters. The two outputs are then
conbi ned using a conbi ner device to provide one output signal to the nultiplex.

1.6.4.1 A frequency diversity system provides increased equipnent reliability as a
result of two transmitter-receiver conbinations and increased propagation
reliability as a result of using two different m crowave transnitting frequencies on
the air simultaneously. Studies and neasurenents have been nade which indicate that
i ncreased propagation reliability is realized when two transmitters with a frequency
separation of at |east 2%to 5% are used. The anount of frequency separation is

mai nly determ ned by the availability of frequencies but the mininum separation for
ef fective propagation protection is generally regarded as 2% It is difficult to
find two frequencies avail abl e giving the needed m ni num separ ati on

1.6.4.2 1In recent years the FCC has not pernmitted frequency diversity for digita

m crowave systens. There are now sone indications of a possible change in attitude
because of the increasing use of optical fiber on high density routes, resulting in
freeing of radio frequencies now held. It is doubtful, however, that the high cost
of frequency diversity can be justified for the usual borrower's light rural routes.

1.7 EQUIPMENT PRESENTLY AVAILABLE FOR COMMON CARRIERS

1.7.1 Radio Frequency Equi pnent. RF equipnent is available for the 2, 4, 6, 10,
11, 18 and 23 GHz common carrier mcrowave frequency bands. This equipnment is al
solid-state (except for sone nodels that incorporate traveling wave tube fina
amplifiers for high transmtter power output), has |ow power consunption, and
requires little maintenance. These features are particularly inportant when using
radio in renote areas. As a general guide for design purposes the follow ng path
| engt hs are appropriate

2 Gz 3to 40 mles 10 GHz 3to 20 mles
4 GHz 11 to 30+ mles 11 GHz 3to 20 mles
6 Gz 11 to 30+ mles 18 GHz 2to 10 mles

1.7.1.1 2GHz Mcrowave. Current 2 GHz RF equi pment is capable of carrying up to
288 digital multiplex channels on a single polarization. Propagation of radi o waves
at 2 GHz has higher reliability against multipath and rain fading and is often | ess
subject to ground reflections than higher frequency bands; it is, therefore
preferable in difficult propagation situations. The situations nost appropriate for
the use of 2 GHz equi pnment are where only a relatively few trunks are required to
serve an exchange, where a few special circuits nust be provided for a customer, and
where small groups of isolated subscribers are to be provided service. The

i mportant point to renenber when considering the use of 2 Gz RF equi pnent is

whether it is capable of providing initial and future channel requirenents. |If a
five year forecast shows a greater requirement of circuits than the capacity of 2
GHz equi pnent, the use of a higher frequency band should be considered. |If the

m ni mum five year channel capacity requirements of the higher frequencies cannot be
met as specified in the FCC Rul es and Regul ati ons, a second RF channel at 2 G+t
shoul d be consi dered

1.7.1.2 4 Gz Mcrowave. This band was used primarily by interexchange carriers
for long-haul high density toll routes and has not been used very much by

i ndependent tel ephone conpani es. However, 4 GHz equipnent is available to

i ndependent tel ephone conpani es from sone m crowave equi prrent nmanuf act urers.

1.7.1.3 6 Gz Mcrowave. 6 Gz RF equi pment can be used to carry a | arge nunber of
channel s for long distances. Radio paths at 6 Gz can be |onger than paths at 11
Ghz because the 6 Ghz radio wave is not affected as much by rain attenuation. High
quality circuits for short, as well as, |ong haul applications can be obtained. The
capacity of current 6 Ghz equipnent is 672, 1344 and 2016 channel s, usi ng bandwi dt hs
of 10 MHz, 20 MHz, and 30 MHz.
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1.7.1.4 10 Gz Mcrowave. In addition to point-to-point mcrowave the sanme radio
may be used for digital electronic nmessage service. At ideal sites it is possible
to engineer path lengths up to 30 miles. However, it is affected by high rain
rates. It is not difficult to find avail able frequencies since they have only
recently been nade avail abl e for point-to-point mnicrowave service

1.7.1.5 11 G Mcrowave. The capacities of current 11 GHz equi pnent are identica
to those obtainable for 6 CGhz; however, the bandw dths are usually 20 Mz, 30 Mz,
and 40 M&z. The path lengths may be as short as 3 miles. The maxi mum path | ength
depends on the anount of expected rainfall intensity over the area to be served

The worst areas are those near the @ulf of Mexico and the Atlantic Ccean in the
Sout heastern part of the United States. (See the discussion on Fading in section
2.8 of this bulletin.) Propagation studies should be nade to determi ne the effect
of rainfall over each contenplated path. Satisfactory service is obtainable

t hroughout nost of the United States if path | engths do not exceed 20 nil es.

1.7.1.6 18 Gz Mcrowave. Wen intense rainfall is expected there will be a mnuch
greater anount of attenuation at 18 GHz than at 11 Ghz. It is not recomended for

t he worst areas nentioned above. However, since the required antennas are small and
relatively light in weight it is possible to engineer a considerably | ower cost
system at these frequencies. Satisfactory operation may be obtained in nost areas
of the United States if path | engths do not exceed 10 nil es.

1.7.2 Digital Miltiplexing Equi pnment is used to derive voice or equival ent channel s
on the mcrowave baseband. The channels are tinme-division nultiplexed onto the
baseband carrier. The equi pnent can be used to derive a few channels or hundreds of
channel s. Sone types of equiprment are used to derive toll, extended area service
data or various special circuits while other types can be used for subscriber
service

1.7.2.1 Pulse Code Mdulation (PCM carrier can be transmitted over nicrowave radio
at a DS1, DS2, DS3, or higher rate. The PCMcarrier is phase nodul ated onto the RF
carrier. There are many techni ques used with the nodul ations of the radio to

i ncrease digital channel capacity. Al digital carrier multiplex used for trunk
circuits are the T type, which uses eight-bit pul se-code-nodul ati on to convey
signalling and nessage information. A conpatible end-to-end transnitted bit rate
nmust be realized in order to synchronize clock circuits that decode and encode
information in a timed manner. For T carrier, an increase of channel capacity
increases the transmitted bit rate, which in turn increases the RF spectrumthat is
occupied by the carrier signal. The digital channel is given a slot in time. For
addi tional information see Bulletin 1751H 403

1.8 MICROWAVE SYSTEM CONSIDERATIONS

1.8.1 The design of a mcrowave systeminvol ves engi neering for adequate technica
operating specifications at mninumcost. It is possible to over-engineer a system
at great expense, when the same operating results could have been obtai ned without a
| ot of extras added and at |ess cost. Several design approaches shoul d be examn ned
bef ore naking a final decision. This can be done by exami ning different tower

hei ghts, different antenna sizes, different repeater |ocations, and different
frequency bands.

1.8.2 Mcrowave system designs and costs are usually based on either ideal or
average radi o frequency propagation conditions. |deal and average propagation
conditions refer to the atnospheric conditions which are prevalent in an area

| deal propagation is generally prevalent in hilly and nountai nous areas where the
air is in constant turbul ence, ground reflections of the radio waves are at a

m nimum and the radio wave is not diffracted fromits line-of-sight path. This
type path is economical to design for acceptable reliability. Average propagation
condi tions occur over plains and rolling hills where nultipath reflections and radio
beam di ffraction occur nore often. System design considerations nust include the
probability of these occurrences, increasing overall systemcost. |n sone cases,
paths with ideal propagation conditions will require a passive repeater to bypass
obstacl es such as mountains in the path. The cost of these paths may be hi gher than
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for a systemover a path with average propagati on which has no obstacles. Paths
that go over bodies of water or flat land, or are in areas of high humdity are in
t he worst case propagation conditions and usually require special considerations,
such as the use of space diversity, for protection against fadi ng outages.

1.8.3 Adigital radio systemhas three distinct advantages over an anal og radio
system |ess degradation of quality due to fades above threshold, easy interface
with PCMcarrier and | ower costs when addi ng channel s

1.8.4 For actual up-to-date costs, the various suppliers of nmcrowave equi pnent
shoul d be consulted. To price a mcrowave system add the individual system
conponents cost plus 20%to cover installation and contingencies. Costs for |and
towers, passive repeaters, power, generators or other conponents which will be
included in the systemnust also be added to estimate the conplete system cost.

1.8.5 Reliability or availability of a digital mcrowave radio path relates to the
time a given microwave link is operational during a specified period of tine,
typically a year. One should expect to achieve a reliability (or availability) of
99.99% or better. The following table illustrates the relationship between outage
time and reliability:
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QUTAGE | 3 MONTH
RELI ABI LI TY TI ME |  YEAR FADE PERI CD MONTH
% % (Avg.)
99.9 0.1 8.8 hours 2.2 hours 43 m nutes
99. 99 0.01 53 m nutes 13 minutes 4.3 mnutes
99. 999 0. 001 5.3 mnutes 1.3 minutes 26 seconds
99. 9999 0.0001 32 seconds 8 seconds 2.6 seconds

(Intentionally I eft blank)

DAY |
(Avg.)

1.44 mnutes
8. 6 seconds

0. 86 seconds
0. 086 seconds
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2. MICROWAVE RADIO PROPAGATION AND PATH SURVEYS
2.1 CHARACTERISTICS OF MICROWAVE TRANSMISSION

2.1.1 Mcrowave frequencies are generally defined as those frequencies which have a
wavel engt h short enough to display many of the properties of |ight waves. A

wavel ength of 30 centineters (approxinmately a foot) or less is considered to be in
the microwave region. Mcrowave energy may be refracted, diffracted, reflected, or
absorbed. The direct rays of the radiated energy travel essentially in a straight
line and there is little reflection fromthe ionospheric layers in the upper

at nosphere. Because of the short wavel ength of microwaves, the radiated energy can
be concentrated by relatively small antennas into a narrow beamsinilar to that of a
searchlight. M crowave energy can be obstructed or attenuated by solid objects such
as trees, buildings, and mountains. It is for these reasons that mcrowave

conmuni cation is alnost always limted to unobstructed |ine-of-sight paths.

2.2 LOCATION OF STATIONS AND PATH SURVEYS

2.2.1 As soon as the points are deternined between which mnicrowave comuni cation
wi Il be established, topographic maps shoul d be obtained that show t he contour |ines
of the area over which the microwave path is to traverse. Topographic maps can be
ordered fromthe U S. Ceol ogical Survey at either of two locations: (a) USGS Map
Sal es, Box 25286, Denver, CO 80225

Tel ephone (303) 236-7477 or (b) USGS Map Sal es, National Center, Reston, VA 22092
Tel ephone (703) 648-6892 or (800) USA- MAPS [800-872-6277]. Free map i ndexes and

i nformati on on conputer generated topographic data files are avail able on request at
these | ocati ons.

2.2.2 A nmicrowave system manufacturer has the capability of performng a path
survey. The survey for a digital systemis usually based on the percentage of tine
that a given radio path is available for satisfactory performance with a specified
bit error ratio. There are three or four contract service organizations in the
United States that specialize in frequency coordination matters. Their work is
accepted by the FCC

2.3 LOCATION OF ANTENNA SITES

2.3.1 1In general, the antenna sites should be | ocated on high points so that there
will be a line-of-sight path with sone cl earance over the intervening terrain
between the transmitting and receiving antennas. The clearance required at any
poi nt along the path will depend upon the frequency used

and the distance of the point fromthe ends of the path. The nmethod of determ ning
the clearance is discussed in paragraph 2.4.

2.3.2 The site's contour and soil characteristics, accessibility by all- weather
roads, and availability of primary power shoul d be determ ned and eval uated with
respect to cost. In nost cases it is |less expensive to provide a taller tower at a

site that is easily accessible than to build roads and power lines to a point of

hi gher el evation. Passive repeaters can be used to an advantage in many cases. The
active equi pment can be placed near roads and power while at the same tine adequate
cl earance (for the proposed path) is provided by the passive repeater. Passive
repeaters are radio reflecting surfaces placed in a mcrowave path to reflect the
signal around or over some obstruction. Passive repeaters are particularly

ef fective in nountainous regions and in urban areas where nearby obstructions such
as a nountain or building can be used to an advantage as a support for the passive
repeater. The total path | oss when passive repeaters are used is a function of the
product of the individual leg | engths. Because of this, passive repeaters are nost
often used near the end of the path. Application nmanuals can be obtained fromthe
suppliers of passive repeaters.
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2.3.3 A ssite should be considered with respect to the availability and cost of |and
and applicable zoning regulations. The proximty of a potential site to an airport
shoul d be determ ned. Part 17 of the Federal Communications Conm ssion rules shoul d
be consulted to determ ne the maxi mumtower height allowed at the |ocation chosen

2.3.4 Possible radio interference should also be a prime consideration in the

sel ection of microwave sites. Before any |arge anounts of noney are expended for
the acquisition of sites or final path engineering, a study should be nade of

exi sting and proposed mcrowave systens in the area and alternate sites selected if
a possibility of harnful interference exists. After a study of existing mcrowave
systens is made, frequencies can be selected and sites |ocated which will reduce the
interference fromother stations.

2.4 PATH PROFILE

2.4.1 1If the selected station sites appear desirable fromthe genera

consi derations under paragraph 2.3, the profile of the terrain between the proposed
tower sites should be plotted. The path profile nay be plotted on rectangul ar graph
paper or on special curved coordinate graph paper. The three basic profile plotting
nmet hods are di scussed in paragraph 2.4.3

2.4.2 The potential tower sites for each microwave term nal station should first be
accurately located on a recent topographic map. A straight line

path shoul d be drawn between the two sites and nmarked off in increments of one nile
The el evation points at the ends of the path and at each one mile increnent are then
transferred to the graph paper on which the profile is being plotted. If there are
hi gher el evation points between the one nmle increnent marks, these points should

al so be plotted on the path profile. After the straight line path between the two
sites has been plotted, it can be determined if a |ine-of-sight path can be achieved

wi t hout requiring excessively tall towers. |If the first direct path profile reveals
that a path is not possible using that route, alternate path routes between the two
sites should be plotted to determine if a nore feasible path is possible. If a

direct path between the sites cannot be provided, |ocations for active or passive
repeater stations should be determined at points of high elevation. Profile plots
can then be made between each end of the path and the potential repeater points and
the path selected which will provide adequate cl earance wi th m ni mumtower heights.
The repeater |ocation should be chosen on the basis of path clearance and the

consi derations of paragraphs 2.3.2, and 2. 3. 3.

2.4.3 The three nethods generally used when plotting mcrowave path profiles are
di scussed in the foll owi ng paragraphs:

2.4.3.1 The path profile can be plotted on transparent rectangul ar graph paper
which represents a flat earth. Tenplates with curves which take into account the
earth's curvature and the effects of refraction (refer to paragraph 2.5) on the beam
are avail able fromnost m crowave equi pnent manufacturers. It is extrenely

i mportant that the vertical and horizontal scales indicated on the tenpl ates not be
changed since errors are introduced if this is done. The line representing the beam
woul d have a curvature of KR, where Kis an equivalent earth factor accounting for
the effects of refraction and Ris the radius of the earth. The transparent graph
paper with the profile plotted to the sane scale as the tenplate can be |aid over
the appropriate curve and critical points marked on the path profile. Figure Bl
shows an exanple of a profile plot on rectangul ar paper with the microwave beam
drawn with a true earth curvature (K =1). (The points A, B, C, D and the Fresne
zone cl earances shown on Figures Bl, B2 and B3 will be discussed in paragraphs 2.6
and 2.10.)

2.4.3.2 A second method al so using rectangul ar graph paper to plot the path profile
is sonetines used. This nmethod uses calculated corrections to account for the
earth's curvature and refraction rather than a curved beam Corrections are added
above objects in the path to account for the curvature
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of the earth and refraction. The microwave beamis then drawn as a straight |ine.
The correction to be added above a point in the path nay be obtained fromthe
follow ng formula

2012 (2:1)
3K

where the added height His in feet, dq and dy (the distances fromthe point to each

end of the path) are in mles. Kis the equivalent earth radius factor. Therefore

trees and other high points of a path would be increased by the amount of H to take

into consideration the earth's curvature and refraction. Corrections for the case

of true earth curvature (K = 1) are indicated on Figure B2 by the dashed |ine AB.

The earth profile is the sane

as used in Figure Bl

2.4.3.3 Athird nethod of plotting profiles is to use curved graph paper which
represents the appropriate KR curvature to account for refraction and the earth's
curvature. The nmicrowave beamis drawn as a straight Iine. This curved graph paper
can be obtained fromsonme suppliers of m crowave equi pnent. No corrections are
necessary since the curved paper has already accounted for refraction and the
earth's curvature. Figure B3 shows a typical path profile plotted with a true earth
curvature (K = 1). The center of the path nust be centered on the curved graph
paper to avoid errors. Figure B3 is the sane earth profile as used for Figures Bl
and B2.

2.4.4 The proposed path shoul d be checked in the field since the contour |ines on
the map could be in error or obstructions such as trees (seasonal) or buildings not
shown on the map may be in the path. Such obstructions should be taken into
consideration in determning the tower |ocations and tower heights. The possibility
of future building construction should al so be considered at this tine. A sensitive
baronmetric altimeter may be used to take el evation reading al ong a proposed path
When a baronetric altineter is used, the manufacturer's instruction pertaining to
the use of the instrument should be carefully followed to reduce errors.

2.4.5 The path may al so be checked at night by the use of |ights nounted on
portable towers or balloons. Mrrors can be used to advantage during dayli ght
hours. If a long path is checked by optical nmeans, it should be done when the air
is in notion rather than still since nornmal propagation is preval ent on w ndy days
when the atnosphere is thoroughly nixed

2.4.6 Mcrowave path planning kits can be obtained from nost nicrowave equi prent
suppliers at no charge. These kits contain the necessary graph paper and
information to plot a path profile. Not all microwave suppliers use the sane
technique to account for earth curvature and refraction, but one of the three
procedures nentioned in the preceding paragraphs is used by major equiprent
suppliers.

2.4.7 The nmethods discussed shoul d be adequate for making a prelimnary survey to
deternmine the feasibility of using mcrowave as well as to |locate potential station

sites. If the prelimnary survey does indicate feasibility, it nmay be desirable to
have an organi zation specializing in |aying out mcrowave systens nmake a nore
detail ed survey. |In nost cases the microwave equi pnment supplier will make a

detail ed survey before installation of the system

2.5 REFRACTION

2.5.1 Refraction is one of the factors that rmust be consi dered when determ ning

m crowave path cl earance. Under nornal propagation conditions refraction results in
t he bendi ng of the m crowave beam beyond the optical horizon in the direction of the
earth's curvature
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2.5.2 As a radio wave front noves forward, it will travel in a straight line if al
points on the front travel at the sane velocity. |In air of uniformpressure
tenmperature and relative humdity all points on a wave front would travel at the
same velocity. Since the pressure, tenperature and rel ative humidity of the

at nosphere are not uniform but normally decrease with height, the upper portion of
the wave front travels slightly faster than the | ower portion as it nmoves forward
The difference in velocity causes the wave, under normal conditions, to be bent or
refracted toward the earth. This is the reason that when a path profile is plotted
the radius of the earth nmust be corrected for refraction by the appropriate "K'
factor.

2.5.3 The greater the difference in velocity between the upper and | ower portions
of the wave front, the nore a wave will be bent toward the air having the highest

i ndex of refraction. The anount of bending thus depends upon the index of
refraction of the air through which the wave front passes. The index of refraction
varies with relative humdity, tenperature, pressure, novenent of air and other
factors. The variation of these factors fromm nute-to-mnute and day-to-day causes
t he anobunt of bending of a wave front to fluctuate

2.5.4 Since normal atnospheric refraction results in the mcrowave beam bei ng bent
downward, this effect is the sane as a change in the earth's radius and is expressed
in terns of an equivalent earth radius factor K The actual earth's radius
multiplied by the K factor represents a fictitious earth with

a radius which accounts for the refractive index. A factor of K= 1 would be the
case where the curvatures of the actual earth and the effective earth are equal. A
factor greater than K =1, for exanple K = 4/3, would indicate that the effective
earth has less curvature or is flatter than the true earth. 1t is also possible
when abnormal propagation conditions exist for the beamto be bent upward, which
woul d indicate a K factor less than 1. The K factor varies for different

at nospheric conditions, but at m crowave frequencies in the 4 G4, 6 G, and 11 G
common carrier bands a factor of K= 1 or K= 2/3 is used for nost areas of the
United States. For frequencies in the 2 G band

a factor of K= 4/3 is normally used. The selection of the K factor is dependent on
path | ocation and path | ength

2.5.5 Miltipath propagation is a phenonenon that can be caused by irregul ar changes
in the index of refraction. This may occur on a still night after
a hot, hum d day when there are both tenperature and hum dity inversions.

2.5.5.1 Tenperature inversion (increase in tenperature with height) is caused by
the earth and the air adjacent to it cooling faster than the warmair above it. To
cause a higher index of refraction in the air at some hei ght above the ground rat her
than near it, the absolute humidity or vapor pressure at that point must be higher
than near the ground. This is called hunmidity inversion and usually occurs when the
air is super-saturated and the excess noisture appears as fog or dew.

2.5.5.2 Miltipath propagation occurs when there exists a layer of air some distance
above the ground which has a higher index of refraction than the air above or bel ow
it. Horizontal and vertical variations in tenmperature, pressure, and hum dity cause
nore than one propagation path to exist between transmitter and receiver. For
exanple, beam1 in Figure B4 mght be close to

a layer with a high index of refraction. Another beam such as 2, could cross the

| ayer at a greater angle and it would be bent enough by the | ow density air near the
earth to also arrive at the receiver

2.5.5.3 Initially the separation would be slight and the electrical path |engths
equal . The signal via each path would arrive in phase and the total signal received
at the antenna woul d be doubl ed. However, as the paths becone nore divergent with
cooling in the | ower atnosphere, the signal will decrease until the energy received

via both paths practically cancel. Thus the signal will fluctuate dependi ng upon
the difference in the electrical length of the paths. By norning, the tenperature
in the layer will becone cooler and the two paths will cone closer together unti
only one path remains. |If the two paths still exist by nmorning, the sun will warm

the earth and air adjacent to it faster than the air in the upper layer so that the
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tenperature inversion will soon cease to exist. Frequency diversity and fade margin
may be used to substantially reduce the adverse effects of multipath fading. Space
diversity may al so be used to provide increased propagation reliability. The FCC
Conmmon Carrier Bureau normally will not authorize the use of frequency diversity for
digital systens.

2.6 DIFFRACTION AND WAVE INTERFERENCE

2.6.1 After correcting the profile of the path to take into consideration

the bending of the radio rays by refraction, it is generally necessary that the rays
clear the earth and obstacles along the path by a certai n anmount

to prevent excessive attenuation of the signal by diffraction and wave interference

2.6.2 Diffraction may be considered as a nodificati on which waves undergo as they
graze the surface of the earth, hills, or the edges of any opaque body by which the
rays are apparently defl ected or bent.

2.6.3 As a wave front travels froma transnmtting to a receiving antenna, some
portions of the wave front tend to cancel or reinforce other portions, dependi ng on
the difference in path length traveled. This is referred to as wave interference

2.6.4 1In order to understand the reason for apparent wave bending (diffraction) and
wave interference, it is helpful to refer to Huygen's Wavel et Principle

2.6.4.1 According to Huygen's Wavel et Principle, a wave front may be considered to
consist of an infinite nunber of individual secondary radiators. Each of these
secondary radi ators sends out wavelets in directions away fromthe original source
radiator. For exanple, assune in either Figure B5 or B6 that T is the primary
source of radiation, and that the front will have traveled to position AB. Consider
then that each vibrating particle such as 1, 2, and 3 in the wave front is a
secondary source of radiation fromwhich spherical wavel ets spread out. Note that
only a portion of a sphere ever reaches the desired destination. After a period of
time, the surface which envelops (i.e., tangent to) all these wavelets constitutes a
new wave front such as CD. The period of tinme between AB and CDis the tine
required for

the wave front to progress one wavel ength

2.6.4.2 The energy that is radiated fromeach secondary source does not radiate
equally in all directions as is the case with a nondirectional primary radiator
(isotropic antenna) but radiates in the forward direction only. Also, the amunt of
energy radiated (fromthe secondary source) is greatest in the direction of the
direct source ray and dimnishes with the divergence fromthe direction of the
primary wave. In Figure B6 the vibrating particle 2 will radiate nore energy in the
direction of 2P, the direction of the primary ray TR, than it will radiate oblique
to the primary ray in the direction 2N. Simlarly, particle 1 will radiate less in
the direction 1IN than in direction 1P . Thus the anount of energy in a wavel et
decreases as the angle O between it and the primary ray is increased

2.6.5 An exanple of wave diffraction over a hill is shown in Figure B7. 1In that
figure waves are moving forward in the direction of the primary ray TP. The
numerals 1, 2, 3, and 4 represent the crests of the forward novi ng waves. |f A2C
represents a hill which is tangent to the primary ray at the grazing point 2, the
di sturbance at 2 will cause wavelets to be sent out fromthat point so that sone
energy will be directed bel ow the horizon such as represented by the ray 2N. [|f the
hill were broad in relation to a wavel ength, such as A 2 C, the anount of energy
radi at ed bel ow the horizon would be much less. On the other hand, if the distance
1-4 were only a fraction of a wavelength, the hill A 2 C may appear as sharp at
that frequency as the hill A2C appears to the wavel ength represented. Wth ot her
t hi ngs being equal, the energy diffracted beyond a given hill will increase

as the frequency is decreased

2.6.6 In 2.6.4.1 it was stated that a wave front (such as AB in Figure B8) may be
considered to consist of an infinite nunber of secondary radiators such as 1, 2, 3
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Since the distances frompoints on the wave front to a receiver R are not equal, the
wavel ets can arrive in- or out-of-phase, in varying degrees, with the prinmary ray
and result in wave interference. The areas or zones around the axial between the
transmtter and receiver that contribute energy either in- or out-of-phase are

call ed Fresnel zones.

2.6.6.1 The first Fresnel zone is bounded by points through which the distance
between the transnmitter and receiver is 1/2 wavel ength (1/2 &) longer than the
direct ray. The second Fresnel zone is bounded by points through which the distance
is one wavel ength (1 &)longer than the direct ray.

2.6.6.2 Point 1in Figure B8 was so chosen that ray TIRis 1/2 & |onger than the

direct ray TOR T2Ris 1/2 & longer than TIR, and T3Ris 1/2 & |onger than T2R
Figure B9 is a cross-section of the wave front AB in which points on the circles
traverse paths that are 1/2 &, 1 &, and 1 1/2 & longer than the direct ray. The
regi ons between these circles are called Fresnel zones. The diameter of the circles
will vary along the radio path formng ellipsoidal envel opes as boundaries between
the Fresnel zones as indicated in Figure B10.

2.6.6.3 There is an unlimted nunber of Fresnel zones even though only three are
illustrated in the figures. The areas of all zones are equal. The energy received
fromeach zone, however, decreases with distance fromthe primary ray as expl ai ned
in paragraph 2.6.4.2. About one-fourth of the energy received froman unobstructed
wave front is in the first Fresnel zone. The energy received fromthe second and
ot her even-nunbered Fresnel zones is negative with respect to energy received from
the odd Fresnel zones. About half of

the total energy received froman unobstructed wave front is cancelled by the waves
received fromthe even nunbered Fresnel zones. A sharp obstruction such as a
sharply pointed hill, which cuts off nost of the energy below the first Fresne
zone, would pernmit nore energy to be received than if the obstruction were not there
since part of the out-of-phase energy would be cut off by the obstruction

2.6.6.4 If an obstacle cuts off the first Fresnel zone radius (non-line-of -sight
path), some energy will be diffracted around and over the obstacle (paragraph 2.6.5)
and will be received in the shadow portion of the radio beam It is for this reason
that a certain anount of radio energy is present beyond true radio (refracted) Iine-
of -sight when the path is intercepted by the earth. In general, the |ower the
frequency, the farther the signal is diffracted beyond the point of interception
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2.6.6.5 The radius of the first Fresnel zone varies along the radio path
It is maxi mum at the mdpoint between the transmitter and receiver and can be

cal cul ated by the fornula:
Fm = 1140 (_D) 1/2 (2:2)
f

where F,is the radius in feet of the first Fresnel zone at the mi dpoint of

the path, Dis the distance in nmles between the receiver and transnitter

and f is the frequency in MHz. The first Fresnel zone radius at any point x mles
fromone end of the path is

Fx = 2280 (M) 12 (2:3)
fD

2.6.6.6 Paragraph 2.10 discusses the application of the above formula in
determining the necessary tower height for proper Fresnel zone clearance. It is
desirable to receive as nuch of the first Fresnel zone energy as possible and stil
keep the cost of towers as |ow as possible. At frequencies of 4 GHz and higher, a
clearance of 0.6 first Fresnel zone radius with K= 1 is a good design objective for
nost areas of the United States with hops of 25 miles or less. A nore conservative
design for hops greater than 25 niles to account for possible upward beam bendi ng
(earth bulging) would be 0.3 first Fresnel zone with K=2/3. At 2 GHz, a value of
K=4/3 with a 0.6 first Fresnel zone clearance is a typical design

2.7 REFLECTION

2.7.1 1If the terrain between the antennas reflects radi o waves efficiently, it is
possible to receive strong refl ected waves, either in- or out-of-phase with the
direct wave, depending on the difference in the lengths of the direct and reflected
wave paths. |If we assunme conplete reflection with the reflected wave equal in

magni tude to the direct wave, the resultant energy received woul d vary, depending on
the location of the point of reflection, between zero and twice that of the direct
path energy according to the follow ng fornul a:

E=2Ey Sin 2D d' (2:4)
a 2

Ed is the direct ray field strength and d' is the geonetric length difference

between the direct and refl ected wave paths. E and Ed are in the sane units, such

as mcrovolts/meter. Wavelength 8 is in the sanme units as d'. Thus in Figure B10,

the second Fresnel zone signal received fromthe reflection path TPR woul d

practically cancel the signal fromthe direct path TR If the

reflecting plane were noved upward to P° so that it pernmits only the first Fresne

zone to be received, the reflected signal TP'R would then be added to the direct

signal TR The path difference d' is approxi mtely:

2 hyhy (2:5)

d':T
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where h, and h; are the heights of the receiving and transnitting antennas above the
reflecting plane and d is the distance between transmtter and receiver in the same
units as h, and h;.

2.7.2 Since the distance TIRin Figure B8 is 1/2 & longer than TR the energy
received from1l as a secondary ray woul d be 1800 out-of -phase with the prinmary
ray TR Al so, the energy received would be less than that of the primary ray, as
di scussed in Paragraph 2.6.4.2. If, on the other hand, 1 were on a

reflection plane, a reflected primary ray 1R would arrive at Rin phase with the
direct primary ray TR The reason for its arrival in phase is that there is
approxi mat el y 1800 phase shift when a wave is reflected. |f the reflecting plane
were a perfect reflector, large enough, and of the correct slope to reflect the
energy in several Fresnel zones, alnbst as nuch energy woul d be received at the
receiver fromthe reflected wave as fromthe direct wave

2.7.3 |f one of the heights such as h, is varied so that E goes through a maxi num
and minimum the difference in the two values of h, is sonetimes used as the spacing
between two receiving antennas on a tower.

2.7.4 Wen tw antennas are placed on a tower with this separation, the reception
of the two signals and the selection of the stronger of the two

is called space diversity reception. |f one antenna is receiving a mnimum signal
the other in all probability will be receiving a stronger signal

A particularly difficult problemexists when the reflection point is over tidewater
whi ch causes variations in the length of the reflected wave path conti ngent on the
tidal change in water level. The amount of separation used on a space diversity
system shoul d be determ ned by sonmeone very faniliar with this type of design

2.7.5 Reflections are greatest when the point of reflection is over cal mwater,

| evel noist earth, desert sand, and other types of snooth terrain. It is desirable
to adjust the tower heights or to reroute the radio path so the reflection point
wi Il be over rough terrain. Radio energy striking rough terrain will be either
absorbed or scattered. Thus the amount of reflected energy reaching the receiver
will be only a small percent of the total energy. The point of reflection can be
determined by trial and error fromthe path plot. At the point of reflection the
angl e of incidence will equal the angle of reflection

2.7.6 Wth zero clearance over a non-reflecting obstacle such as a hill covered
with trees or brush, the signal will be 6 or 7 dB below the | oss that woul d exi st
between two antennas in free space. |f, however, the top of the

hill were broad and barren and the soil had good reflection characteristics, the
| oss could be nore than 16 dB greater than free space | oss. M crowave systens
shoul d not be engi neered for grazing paths except by soneone w th extensive
experience in the area of mcrowave propagati on and path design

2.8 FADING

2.8.1 Fading is a condition which occurs during propagation of radi o frequency
energy that causes a reduction in the power being received. It may be caused by
refraction, diffraction or reflection or by a conbination of these conditions. This
conbination is usually referred to as nultipath fading. In addition to nultipath
fading a very severe formof fading may al so be caused by rainfall. The effect on
the 4 Gz and 6 Gz bands is quite small and is usually ignored. The attenuation of
the microwave radi o signals increases substantially as the radio frequency carrier
is increased. This attenuation is definitely noticeable at the 10.5 G and 11 G+
bands. It becomes extrenely severe at 18 GHz and 23 GHz.

2.8.2 In the absence of rain, variations in received signals due to nultipath
conditions are greater in sunmer than in winter and greater during nighttime than
daytinme. These variations are smallest when the air is in a state of turbul ence
whi ch prevents the formation of stratified |layers of air
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2.8.3 Radio energy is absorbed and scattered by rain drops. These effects becone
nore pronounced as the wavel ength approaches the diameter of the raindrops. Wen
the size of the drops becones | arge enough and the drops are sufficiently
concentrated, this scattering and absorption will attenuate the signal appreciably.

In addition, since the drops represent a lossy dielectric, energy will be absorbed
fromthe signal and converted into heat. These phenonena are entirely negligible
below 3 Gz but will place a limtation on transm ssion through rain over

appr eci abl e di stances at frequenci es above 10 GHz.

2.8.4 The anmount of attenuation caused by rain depends on the intensity of the
rainstorm The rate of rainfall and not total rainfall is the determning factor
Areas with high annual rainfall accunul ations may sel dom experience rainfall of a
rate sufficient to interrupt service. Heavy rainfall rates are likely to acconpany
t hunder storms which may be confined to an area with a diameter of 1 to 2 mles. The
fading margin may not be exceeded unl ess the heavy rainfall extends a sufficient

di stance along the radio path. System outages should be treated on a probabilistic
basi s by geographical area. The worst areas occur near the Qulf of Mexico and the
part of the Atlantic Ccean adjacent to the southeastern area of the United States.

2.8.5 Major manufacturers of digital mcrowave equi pnent produce maps of the United
St ates depicting how a given product is affected by the rainfall encountered in
various geographi cal regions. Roughly, these regions are separated by di agona
lines that show the Northwest as the best area for radio signal propagation and the
Sout heast as the worst. They al so produce di agrans showi ng the variation of signa
attenuation with rain rate. The latter diagrans are quite accurate and reliable
The former maps are approxi mati ons since they depend on the statistical history of
rainfall in all areas of the country. The usual source of such information is the
U S. Wather Service. Reporting stations are normally found only at airports in
maj or netropolitan areas. These conpani es al so produce di agrans depicting the
annual system outage to be expected for given rain rates and given time durations of
rainfall for those rates above a certain val ue

2.8.6 The attenuation produced by rain is polarization dependent. A falling drop
of rain is not spherical but flattened in the horizontal plane. This results in a
greater attenuation of horizontally polarized waves. Rain attenuation over a given
m crowave band is al nost independent of frequency.
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Since vertical space diversity and frequency diversity do not protect a system
against rain fading it is inportant that good fading margins be obtained in the
system desi gn. Reducing the hop length not only reduces the probability of severe
rain fading but also increases the avail able fade margin

2.8.7 A digital mcrowave system al ways uses regeneration at each internediate
term nal and each active repeater. Consequently, fading is not accumul ative over a
mul ti-hop system Each hop stands alone. This, of course is true for noise
interference and ot her physical phenonena as well. Adaptive equalization reduces
the nmultipath dispersive effect. (D spersive nmeans that it is frequency selective.)
In the absence of specific route information during design, one may allot 50% of the
total outage tine to propagation fading (nultipath, rain, upfades), 25%to
obstruction fading and 25%to equi pnent and man-rmade failures. Upfading refers to
the constructive (rather than destructive) effects of multipath and introduces sone
addi tional problens. The newer nodul ation technol ogi es may have introduced nore
sensitivity to the dynam c inpairnments of fading

2.8.8 The magnitude of the received signal varies continuously. This variation
coul d cause a higher BER (see paragraphs 2.9.8 and 2.9.9); however if the systemis
designed with an adequate fade margin, this will be infrequent and not

obj ectionable. Under extrene conditions a fade can cause service failure, but
transm ssion usually returns to normal in a short tine. The adverse effects of
fadi ng can be reduced through the use of horizontal space diversity and by provision
of adequate fade margin to protect against both multipath and rain fades.

2.9 MICROWAVE PATH LOSSES AND GAINS

2.9.1 The system | osses over a radio path can be cal cul ated even though sone of the
|l oss factors, particularly those caused by atnospheric fades, nmay be difficult to
obtain or estimate. Because of this, fade nargins are added to the cal cul ated
normal | osses to provide adequate reserve systemgain to conpensate for fluctuating
at nospheric fades. |If losses are calculated beginning with the transmtter, the

| evel s at various points along the path can be obtained by the steps outlined in the
fol |l owi ng paragraphs.

2.9.2 The power of nobst microwave transmitters is given in watts. This can be
converted to dB above or below a given reference. One mlliwatt is a commonly used

reference in tel ephony. |If the transmitter power (P) is above one mlliwatt, the
power in dBmwill be:
+ dBm = 10 |l 0ogqqg P (2:6)
. 001
(i.e., dB above 1 mlliwatt). |If the power is |less than one nmlliwatt, then
- dBm = 10 logqg .001 (2:7)
P

2.9.3 If the transmitter power is converted to dBm the losses in the transm ssion
line between the transnmitter and the antenna are subtracted. The | osses in dB per
100 feet of the nost commonly used transmi ssion lines are given in the foll ow ng
table. Coaxial cable is normally used for frequencies up to 2 GHz and in some cases
a special coaxial cable is used at frequencies above 2 GHz. Waveguide is generally
used at 4 Gz and above.

Typical Loss in dB per 100 Feet of Transmission Line

2 Gz 4 G&z 6 Gz 11 Giz

7/ 8" Coaxial Cable
(Air dielectric) 2 dB  m-eee emeee e

1 5/8" Coaxial Cable
(Air dielectric) 1 dB  ceeee emeee e
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Flexible Elliptical
Waveguide ----- 1 dB 1.5 dB 3.5 dB

Ri gi d Rect angul ar
Copper Waveguide — ----- 1 dB 2 dB 3.5 dB

2.9.4 Power is effectively increased at the antenna. M crowave antenna gains are
referred to a theoretical isotropic antenna which radi ates energy equally in al
directions. The follow ng table shows the typical gain in dB of sone commonly used
par abol i ¢ ant ennas:

Ant enna Si ze 2 Gz 4 Gz 6 Gz 11 Gtz
4 foot 25 31 35 40
6 foot 29 35 38 43
8 foot 31 37 41 46
10 f oot 33 39 43 48

2.9.5 Free Space Loss - The major |oss between a transmitter and receiver is
t hrough the space between the antennas. The followi ng formula gives the free space
loss in dB

A=96.6 + 20 |Oglof + 20 |Oglod (2:8)

where f is the frequency in GHz and d is the distance between the antennas in niles.
This loss may be increased or decreased sonmewhat by the type of path through which
the radi o waves travel. A free space loss condition exists only when the antennas
are high enough that the ground and ot her obstacles and unusual air conditions do
not affect the received signal

2.9.6 The signal will be increased at the receiving end of the radio path by the
gain of the receiving antenna. The transmi ssion |line | oss between the antenna and
recei ver should then be subtracted

2.9.7 Mscellaneous |osses fromcircul ators, radones, and antenna system

m sal i gnment shoul d be accounted for in naking fade margi n cal cul ati ons. The anount
of miscellaneous loss will vary with systens but a value of 2 dB per radi o channne
end is typical

2.9.8 The result of subtracting the |osses and addi ng the gai ns between the
transmtter and receiver will give the signal power in dBmat the receiver input.
The fade margin is the difference between the received power |evel and the power
level required to produce a given Bit Error Rate (BER). Fade margins for digita
radi os are based on Receiver Sensitivity specified in dBmfor a particular BER for
gxanple, a certain radio may have a receiver sensitivity of -74 dBmat a BER of 10°

2.9.9 Finally, indigital radios a Conposite Fade Margin is used for calcul ati ons
of availability. Conposite Fade Margin is the power addition of the Flat Fade
Margi n, typically calculated in anal og scenarios, and the Dispersive Fade Margin

Di spersive Fade Margi ns are equi pnent dependent and are provi ded by the equi prent
nanufagturer. The above radi o may have a Dispersive Fade Margin of >49 dB at a BER
of 107 °.

2.10 ILLUSTRATIVE EXAMPLE OF CALCULATION OF MICROWAVE ANTENNA HEIGHT
2.10.1 To illustrate the considerations involved in selecting a suitable mcrowave

path, assune that the profile of the earth is ABin Figures Bl, B2, and B3. Al
plots represent the sane path profile. Figure Bl is plotted on rectangul ar paper
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with the mcrowave beamdrawn with a curvature which represents the true earth's
radius (K =1). Figure B2 is plotted on rectangul ar paper with corrections nade for
true earth's radius. Figure B3

is the same path plotted on curved graph paper

2.10.2 To deternmine the required antenna heights at A and B, the profile of the
earth is first plotted directly on the graph paper. The profile should be plotted
with the mdpoint of the path centered on the graph paper

2.10.3 Wien the path is plotted on rectangul ar paper with corrections added for
earth curvature and refraction, the corrections are calculated fromthe formula in
par agraph 2.4.3.2 and added to the profile plot. The corrections are shown by the
dotted line in Figure B2

2.10.4 At the high points in the path, the height of any obstructions such as trees
or buildings should be added. The nmaxi num hei ght of trees is assunmed to be 40 feet
in this exanple.

2.10.5 The next step is to calculate the first Fresnel zone clearance for the high
points in the path. In this exanple 0.6 of the first Fresnel zone is used. The
requi red clearance at the high points is calculated fromthe forrmula in Paragraph
2.6.6.5, that is

BF, = .6 2280 _ x(D - x) (2:9)

([ ])

For exanple, at point P on the profile the clearance required above the tree would
be

F, = .6 2280 6 (28 - 6 12

o =
( [ 6000(28)] ) = .6 (63.5) = 38.1 ft.

(2:10)

A safety factor of 10 feet or nore is often added to the cal cul ated Fresnel zone
cl earance to account for future tree growmh and survey inaccuracies. Using a safety
factor of 10 feet, the clearance at point P would be 48 feet.

2.10.6 The corrections for earth curvature and refraction are drawn on the profile
as shown in Figure B2, and the Fresnel zone clearance is cal cul ated and shown with
the safety factor on all profile plots as in Figures Bl, B2, and B3. The next step
is to draw a line representing the mcrowave beam between the ends of the path. The
beamline is drawmn so that it clears all of the critical points marked on the
profiles. Wen drawing a curved beamline using a tenplate, the grid |lines of the
tenplate and the grid lines of the profile graph paper nust be parallel at all tinmes
to avoid errors. The distance AC (135 ft.) is the antenna height required at one
end of the path while BD (70 ft.) is the antenna height required at the other end

If it is assumed that the antennas are nounted 5 feet below the top of the towers,
the tower height at A and B woul d be 140 feet and 75 feet, respectively. If it is
nore desirable to have the antenna lower at A, the straight line DCin Figures B2
and B3 can be pivoted countercl ockwi se about point Pto determine a | ower tower at A
and a taller tower at B. Wuen a tenplate is used to draw the curved beamline, the
tenpl ate can be noved horizontally to the left while keeping the grid lines on the
tenpl ate and profile paper parallel and a shorter tower determi ned at A
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3. RADIO SYSTEM GUIDE TO FORMS REQUIRED BY THE FEDERAL COMMUNICATIONS
COMMISSION

3.1 GENERAL

3.1.1 The FCC fornms apply to the construction and operation of the
various radi o services provided by REA Tel ephone borrowers. Al forns
are not needed for a given radio service. These forns are revised
frequently and often replaced by others. A consulting engineer or a

t el ephone conpany borrower shoul d check the applicable rule or
regul ati on applying to the given radi o service.

3.1.2 Most of the material in this bulletin originates in the Rules
and Regul ations of the FCC. These are printed in Title 47 of the Code
of Federal Regulations (CFR) which is revised once a year. \Wenever the
FCC revises, creates or elimnates a rule or regulation the changed
version appears in

t he Federal Register (published daily except on Saturdays, Sundays and

| egal holidays). The cFrR is an annual conpilation of the current Rules
and Regul ations. Publication in the Federal Register constitutes

of ficial

notification to the public of the change and will contain an effective
date. Both the Federal Register and the Code are published by the

Nati onal Archives

and Records Admi ni stration.

3.1.3 To identify an FCC rule or regul ation, one should use the title,
the part and the section nunber. For exanple, 47 cFrR 21.2 refers to

Title 47, Part 21, Section 2. In this bulletin this reference wll
appear as FCC 21.2. In like manner FCC 90.81 will indicate section 81
of Part 90.

3.1.4 In the past, the FCC required both an application for a
construction permt and an application for a radio station |icense.
This no | onger applies. At present, the FCC only requires an
application for a radio station

aut hori zati on.

3.1.5 There are three different FCC forns for the application for
radi o station authorization. Form 494 nust be used for FCC Part 21
radi o services. Form 401 nust be used for FCC Part 22 radi o services.
Form 574 nust be used for FCC

Part 90 radi o services. A Basic Exchange Tel econmuni cati ons Radi o
Service (BETRS) utilizing Specialized Mbile Radio Service (SVRS) radio
frequenci es

(800 MHz) may be applied for under FCC Part 22 rul es.

3.1.6 FCC Forns may be obtained by tel ephone. Call (202) 632- FORM

[ (202)-632-3676]. A general formrequest may be made by calling (202)-
632-7000. The forms may al so be obtained in RoomB-10 at 1919 M St.

N. W, Washington, D.C. An alternate way is to contact any FCC Field
Qperations Bureau office. The addresses of all offices appear in the
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U.S. Government Manual. The above information is subject to change at
any tine.

3.1.7 Copies of any volune of the Code of Federal Regulations as well as
t he

U.S. Government Manual can be obtained at any Federal Government Book
Store.
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Direct sales are handl ed by the Superintendent of Docunments, CGovernment
Printing

O fice, Washington, D.C. 20402 (tel ephone 202-783-3238). Prices for

i ndi vi dual vol unmes can be obtained at the sane tel ephone nunber. The
FCC Rul es and Regul ations appear in five different vol umes under
Chapter 1 of Title 47. These volunes are revised once a year and are
current as of Cctober 1 of a given year. They are printed and

avail able at a considerably |ater date. Wenever the FCC revises a
rule or regulation, the new material appears in the daily Federal
Register prior to Cctober 1 of the given year. There are no
restrictions on the republication of material appearing in the Code of
Federal Regulations.

3.1.8 For practical purposes, the FCC Rul es and Regul ati ons divide the
conmon carrier radi o services that are of interest to REA borrowers
into two maj or Parts based on frequency. FCC Part 21 covers all radio
services that utilize mcrowave radi o frequencies (see definition in
FCC 21.2 and FCC 22.2). FCC

Part 22 covers all radio services that utilize radio frequencies bel ow
m crowave. The exact dividing line (i.e. in the range between 890 Mz
and

1000 MHz) is no longer clearly defined. Furthernore, the titles
associ at ed

with the above nentioned parts suggest a different nethod of division.

3.2 POINT-TO-POINT MICROWAVE RADIO (FCC PART 21)

3.2.1 Al radio services covered in FCC Part 21 use the same set of
forms. The only radio service presently used by REA tel ephone
borrowers is Point-to-Point Mcrowave Radi o Service (Subpart | of FCC
Part 21). Applications and |icenses are covered in Subpart B of FCC
Part 21. For a detailed discussion of the fornms used see FCC 21.7 and
FCC 21. 11.

3.2.2 FCC Form 494 (Application for a New or Mdified M crowave Radi o
Station License Under Part 21) nust be submitted and a |icense granted
for each station prior to commencenent of any proposed station
construction. There is a separate five sheet set of instructions for
this form This sane formmay be used to anend an application and to
nodify or delete a licensed facility.

3.2.2.1 FCC Form 494A (Certification of Conpletion of Construction)
must be used to certify/notify conpletion of construction.

3.2.3 Two of the following five mscellaneous fornms are al so used for
FCC
Part 22:

3.2.3.1 FCC Form 430 (Common Carrier and Satellite Radio Licensee
Qualification Report) nust be filed by the tel ephone conpany on an
annual basis by March 31 of each year. This will cover all changes of
information that occurred in the precedi ng cal endar year.
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3.2.3.2 FCC Form 701 (Application for Additional Tine to Construct a
Radi o Station) nust be filed at |east 30 days prior to the expiration
of the time for construction noted in the |icense.

3.2.3.3 FCC Form 405 (Application for Renewal of Radio Station License
in Specified Services) nust be filed between 30 and 60 days prior to

t he

expiration date of the Iicense.
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3.2.3.4 FCC Form 702 (Application for Consent to Assignment of Radio
Station Construction Permt or License) nust be submitted to assign the
station authorization. |In addition, the assignee nust submt an FCC
Form 430

(mentioned above) unless a current report is already on file with the
FCC.

3.2.3.5 Partial Assignment. |If only a portion of the facilities are
to be assigned both the assignee and the assignor nust file an FCC Form
494 (described above). Another FCC Form 494 nust be filed to return
the license to its original condition if assignment does not take

pl ace. The FCC Form 702 is used only for assignment of the entire

i cense.

3.2.3.6 FCC Form 704 (Application for Consent to Transfer of Contro

of Corporation Holding Common Carrier Radio Station Construction Permt
or License) nust be submitted in order to transfer control of a
corporation holding any licenses. 1In addition, the transferee nust
submt an FCC Form 430 (nentioned above) unless a current formis
already on file with the FCC

3.2.3.7 The maxi mum construction period is 18 nonths fromthe date on
the license grant. The license period will extend for up to 10 years
dependi ng on the renewal cycle. See paragraph 3.4.1.

3.3 PUBLIC LAND MOBILE RADIO, RURAL RADIO, DOMESTIC PUBLIC CELLULAR RADIO
TELECOMMUNICATIONS AND BETRS (FCC PART 22)

3.3.1 Al radio services covered in FCC Part 22 use the same set of
forms. Al

of the radio frequencies used are bel ow 1000 MHz. The services that
apply to

REA borrowers are described in subparts G H, and K of FCC Part 22.
However ,

the general parts of Part 22 also apply unless they are in conflict
with the nentioned subparts. Applications and |licenses are covered in
Subpart B of

FCC Part 22. For a detailed discussion of the various forms see FCC
22.9,

FCC 22. 11, and FCC 22. 39.

3.3.2 FCC Form 401 (Application for New or Mdified Conmon Carrier
Radi o Station Authorization Under Part 22) nust be submtted for each
base station, rural central office station, rural interoffice station
and auxiliary test station. Fixed subscriber stations that either
exceed 60 watts effective radiated power or require notification to the
Federal Aviation Admi nistration (see Antenna Structures in this
docunent) al so require FCC Form 401. Mobile stations (except airborne)
and fixed subscriber stations (except those nmentioned above) are

i censed as part of base station and central office authorizations.

The application formhas two parts, Schedule A and Schedule B. One
Schedule Ais required for each station. One Schedule (B) is required
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for each antenna | ocation. Separate Schedule (B)s may be obtai ned from
t he FCC.

3.3.3 FCC Form 489 (Notification of Status of Facilities Under Part 22
of FCC Rules) is a general purpose form It can be used for the
foll ow ng el even purposes:

3.3.3.1 Notification of conpletion of construction.
3.3.3.2 Request for extension of tinme to conplete construction.

3.3.3.3 Request for reinstatenment within 30 days after expiration of
aut hori zati on.

3.3.3.4 Notification that constructi on was conpleted with m nor
nodi fi cati ons of authorization.

3.3.3.5 Request to delete or change antenna obstruction marKkings.

3.3.3.6 Notification of a change in points of communication (Rura
Radi o Service).

3.3.3.7 Notification of the construction and operation of additiona
transmtters on sanme frequency (include a conpleted Schedule B from
Form 401). See FCC 22.117 (b).

3.3.3.8 Notification of the return of license to original condition
if partial assignnent is not conpleted within 60 days.

3.3.3.9 Noti fication of a change in or addition of a radio frequency
(cellular radio).

3.3.3.10 Notification of a change to or addition of a cell site as
l ong as the conposite 39 dBu contours remain totally within the
cel lul ar geographic service area (CGSA)

3.3.3.11 Notification that the initial phase of a cellular system has
been conpleted and is ready to commence service to the public.

3.3.4 FCC Form 405 (Application for Renewal of Radio Station License
in Specified Services) nust be filed between 30 and 60 days prior to
the expiration date of the |icense.

3.3.5 FCC Form 490 (Application for Assignnent or Transfer of Contro
Under Part 22) nust be conpleted for either assignnent or transfer of
control. The assignee or transferee nust submt FCC Form 430 unless an
up to date formis on file with the FCC

3.3.5.1 Partial Assignnment. Request for Partial assignment nust be
made on FCC Form 401 by the assignee and on FCC Form 489 by the
assi gnor.
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3.3.6 FCC Form 430 (Common Carrier and Satellite Radi o Licensee
Qualification Report) nust be filed by Mbile Service |licensee only as
requi red by FCC Form 490.

3.3.7 FCC Form 409 (Airborne Mbile Radi o Tel ephone License
Application) is for use by subscribers and may al so be used for
nodi fication and renewal. It may not be used for cellular radio.

8 A radio station authorization will specify the date of grant as
arliest date for the commencenent of construction. (See paragraph
4)

. 3.
he
.3.8.
.3.8.1 Construction nust be conpleted within 12 nonths (except for
ellular radio) after the grant of authorization.

.3.8.2 The construction of the initial phase of a cellular radio
system nust be conpl eted and service commenced within 18 nonths. The
entire CGSA (as specified in the existing Form401) nust be conpl eted

wi thin 36 nonths.

3
t e
3.3.8
3.3.8
C u
3

3.3.8.3 Licenses will be granted for up to 10 years dependi ng on the
renewal cycle. See paragraph 3.4.1.

3.3.8.4 The FCC has nmade a recent change in its rules that may or may
not apply to REA borrowers. (See paragraph 3.8.1 in this docunent.)

It concerns perm ssion to commence construction prior to the grant of a
radi o station authorization and applies to all Part 22 services. The
general rule states that applicants nust wait 90 days fromthe date of
the public notice listing

the application as acceptable for filing; cellular tentative sel ectees
must wait 60 days fromthe date of the public notice announcing them as
tentative selectees. After the waiting period, certain FCC Form 401
applicants listed in FCC 22.43(d)(1) may conmence construction provided
that the conditions listed in FCC 22.43(d)(3) have been nmet. This
final rule was published in the Federal Register on Novenber 8, 1990
(page 46952).

3.4 COMMON CARRIER LICENSE EXPIRATION DATES AND PROCESSING FEES

3.4.1 Al Conmon Carrier Bureau radi o station authorizations (licenses) expire on a
cal endar date specified in FCC 21.45, FCC 22.45 and FCC 23.29 or on the authorization

itself during the year of expiration. |If the Tel ephone Conpany does not renewits
license, it will be operating illegally. Conmon Carrier Bureau |licenses are generally
granted for a period of up to 10 years. Most,

but not all, licenses for a given service expire in the sane year of a 10-year cycle

The chief purpose of this paragraph is to present a |list of expiration

years. (This information cannot be found in the above referenced CFR.) Recently, the
Common Carrier Bureau resumed its practice of renew ng individua

licenses. Due to |ack of manpower, this had not been done since 1978. For a period of
10 years licenses were sinply extended by a general FCC public notice

Common Carrier and Fixed Satellite Licensing

Li cense Duration - up to 10 years
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Cel | ul ar Radi o: Qctober 1 of expiring year
Publi ¢ Land Mbbil e:
Wreline Coomon Carriers July 1, 1998
Radi o Common Carriers April 1, 1999
Ai r-ground base stations Sept enber 1, 1999
Rur al Radi o: Novenber 1, 1998

Poi nt-to-Point M crowave and
Local Tel evi sion Transmni ssi on

AT&T February 1, 2000
Bel | Operating Conpanies August 1, 2000
G her Carriers February 1, 2001

(Tabl e conti nued on next page)

Common Carrier and Fixed Satellite Licensing

(Conti nued)
Digital Electronic Message Service: February 1, 2001
Mul ti point Distribution Service: May 1, 2001
O fshore Radi o Tel ephone: August 1, 2001
I nternational Fixed: Decenber 1, 3 am E S T.

of expiring year

Satellite Service: 10 years fromeffective date
Ef fective date
Earth Station - Date of grant
Space Station - Date satellite was placed in operation after
a successful [aunch

As can be seen fromthe above table, Cellular Radio Service, International Fi xed Radio
Services, and Satellite Services have no specified year of termnation. Al the others
do (these are Part 21 and Part 22 services). |If an individual |icense expires before
the common year, it will only be renewed for the remainder of the term An application
for renewal nust be sent to the FCC between 30 days and 60 days prior to the expiration
dat e.

3.4.2 Applications or filings requiring fees nust be delivered or mailed to

the FCC s | ockbox bank in Pittsburgh, Pennsylvania with the correct fee and a conpl eted
FCC Form 155 (Fee Processing Forn) attached to the application or filing. The | ockbox
bank is the Mellon Bank whi ch maintains separate post office boxes with appropriate zip
codes for the various fornms being subnmitted

The current fee, Fee Type Code, and nmiling address for a given formcan be found in
one of four lists contained in subpart G of FCC Part 1. The Comon Carrier list is FCC
1.1105; the Private Radio list is FCC 1.1102. (A private radio application nust be
submitted to the appropriate certified frequency

coordinator before filing.) Applications and filings not requiring fees mnust

be sent directly to the FCC, Washi ngton, DC 20554. Subnitables without the

correct address or the correct fee will be returned to the applicant w thout

processing. The Fee Processing Form 155 will no | onger be required when the various
application forms have been revised to incorporate the information requirenments of the
form For the latest up to date information call the

FCC hotline (202) 632-FEES [(202) 632-3337].

3.5 TELEPHONE MAINTENANCE RADIO (FCC PART 90)
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3.5.1 Al radio services covered in FCC Part 90 use the sanme set of forns.

I f an REA borrower desires to purchase a new nobile radi o equi pnent that woul d be used
solely for tel ephone maintenance (at any part of the spectrun) it nust be handl ed
through the Private Radio Bureau of the FCC. There is at present

no ot her service that would require the borrower to utilize the Private Radi o Bureau
Applications and aut hori zati ons are covered in Subpart G of FCC

Part 90. For a detailed discussion of forms see FCC 90.119 and FCC 90. 135

For di scussion of Tel ephone Mii ntenance Radi o Service see FCC 90.81. For a list of
radi o frequencies see Table in FCC 90.81 paragraph (c).

3.5.2 FCC Form 574 (Application for Private Land Mbile and General Mobil e Radio
Services) nust be used for a new or nodified Land Mobil e Radi o System aut hori zati on and
for new conmponents (such as, base, fixed, or nobile stations). There is a 32-page
bookl et avail able fromthe FCC which gives instructions for filling out the form Most
Part 90 applications nust be coordinated with the FCC s Certified Frequency

Coordi nator, as described in the instruction booklet. obtain a Formdated 1990 or

| ater.

3.5.3 The followi ng mnor FCC Forms needed for various reasons are

3.5.3.1 FCC Form574B (Private Fixed, Mbile, and Radiol ocation Services) contains

suppl ementary information to acconpany FCC Form 574. It is to
be used for frequencies below 27.5 MHz and for frequencies above 27.5 Mz in
counti es bordering Canada and Mexico. It probably will be of limted use to

nost REA borrowers.

3.5.3.2 FCC Form 574-R(Application for Renewal of Radio Station License) nust be used
to apply for renewal of an existing authorization w thout nodification. It is usually
mai led to the licensee by the FCC prior to the expiration of the license

3.5.3.3 FCC Form 405A (Application for Renewal of Radio Station License and/or
Notification of Change to License Information) nust be used to apply for a renewa

wi t hout nodification of a station or systemlicense when the |icensee

has not received renewal Form574-R in the mail fromthe FCC within 60 days of |icense
expiration. It may also be used to notify the FCC that the |icensee has di scontinued
station operation and wi shes to cancel the license

3.5.3.4 FCC Form 572 (Tenporary Pernmit to Operate a Part 90 Radio Station) should be
properly executed if the applicant desires to operate the station during the fornmal FCC
processing of a Form574. |t does not have to be submitted to the FCC and is only
valid for a period of 180 days fromthe date the required application forns are mail ed
to the FCC

3.5.3.5 FCC Form 703 (Transfer of Control) must be submitted whenever it is proposed
to change the control of a corporate |icensee

3.5.3.6 FCC Form 1046 (Assignment of Authorization) may acconpany an FCC

Form 574 being used for assignment (to another person) in order to informthe FCC t hat
the assignor will submt the current station authorization for cancellation upon

conpl etion of the assignnent.

3.5.4 Stations authorized under FCC Part 90 rmust be placed in operation wthin

8 nonths fromthe date of grant. Trunked stations on 800 Mtz frequenci es have one year
to construct. The license termw || not exceed 5 years fromthe date

of the original issuance, nodification or renewal

3.5.5 It is suggested that REA Borrowers specifically exam ne the Specialized Mbile
Radi o service (SMRS) bands when they wi sh to purchase a new tel ephone mai nt enance radi o
system since the newest and nost-up-to-date manufactured products will probably be for
t hese bands. Frequencies are available from

806 MHz to 821 MHz, and from 851 WMHz to 866 MHz. These bands al so contai n BETRS
channel assignments. However, applications for BETRS nmust follow FCC Part 22 rul es.
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3.6  ANTENNA STRUCTURES (FCC PART 1, PART 17)

3.6.1 Antenna structures include the radiating and/or receive system its supporting
structures and any appurtenances nounted thereon.

3.6.2 The FCC devel oped standards for antenna structures in conjunction with

the Federal Aviation Adm nistration (FAA). The Communi cations Act of 1934, as anended
pl aces full responsibility on the FCC to determ ne whether any antenna structure
constitutes a nmenace to air navigation. The FCC will informan applicant whether it is
necessary to file a Notice of Proposed Construction or Alteration (FAA Form 7460-1)
with the Federal Aviation Adm nistration

3.6.2.1 Antenna clearances are granted by the Antenna Survey Branch of the Public
Services Division in the Field Operations Bureau of the FCC. |If the Common Carrier
Bureau receives either Form 494 or Form 401 froman applicant or the Private Radio
Bureau receives Form 574 froman applicant, the antenna data is furnished to the

Ant enna Survey Branch if either operating bureau determines that antenna consideration
is required

3.6.2.2 Any comuni cations between the FCC and the FAA are handl ed by the

FCC Antenna Survey Branch and the FAA Airspace and Obstruction Eval uati on Branch for

t he appropriate FAA Region. The Airspace and Qbstruction Evaluation Branch of the FAA
does not normally comunicate with the REA borrower but with the FCC, since the FCC has
the major responsibility.

3.6.2.3 If the FCC Antenna Survey Branch deternines that an FAA Form 7460-1 is
required the originating bureau will be so advised. |If it determi nes that FAA Form
7460-1 is not required or if it receives a favorable airspace analysis from

the FAA, the Antenna Survey Branch prescribes antenna tower painting and |ighting
speci fications or other conditions in accordance with FCC Part 17 and forwards this
information to the originating bureau. Wen the FAA di sapproves

of a proposed tower, a report of the unfavorable recomendation is forwarded to the
originating bureau. (See FCC 1.61).

3.6.2.4  An REA borrower may submit an FAA Form 7460-1 to the FAA before it submits an
FCC Form 494, FCC Form 401 or FCC Form 574 to the FCC. Each application formcontains
a place where the applicant can indicate whether or not an FAA Form 7460-1 has been
submitted to the FAA. Form 7460-1 nmust be sent to the Manager, Air Traffic D vision
FAA Regional Ofice having jurisdiction over the area within which the construction or
alteration will be |located. Copies of this formmy be obtained fromthe regi ona

of fices or from FAA headquarters. In addition to FAA Form 7460-1, the tel ephone
conpany must send FAA Form 7460-2 (Notice of Actual Construction or Alteration) to the
above indicated Regional office. The addresses of the Regional Ofices nmay be found on
Form 7460- 1

3.6.2.5 If an antenna structure ceases to be licensed by the FCC, the owner is
required to maintain the prescribed painting and illumination until the

structure is disnmantled. The FCC may require the owner to dismantle and renove the
t ower .

3.6.3 |If the height of an antenna structure is 20 feet or |ess above the ground the
FAA does not have to be notified. Nor does it have to be notified if it is shielded by
an existing structure or by natural terrain or topographic features of equal or greater
height and is located in the congested area of a city, town,

or settlenent. |If the height of an antenna structure is greater than 200 feet above
the ground the FAA nust always be notified. |If the height of an antenna structure is
between 20 feet and 200 feet above the ground the criteria regarding notification
depend on the nearness of an airport runway of any kind. Wen the antenna structure is
nore than 3.8 niles fromthe end of the nearest

airport runway no notification is required. The details of the notification

requi renents can be found in FCC 17.7 and FCC 17.14. Consideration nust always be
given to the possibility of an airport runway bei ng extended at some timne.
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3.6.4 Al FCC requirenments concerning obstruction marking and |ighting appear in FCC
Part 17 (Construction, Marking, and Lighting of Antenna Structures). Subpart B of FCC
Part 17 (Criteria for Determ ning Wiet her Applications for Radio Towers Require

Noti fication of Proposed Construction to Federal Aviation Adm nistration) covers in
detail the items nentioned above. Subpart C of

Part 17 (Specifications for Cbstruction Marking and Lighting of Antenna Structures)
covers all painting and lighting specifications for antenna structures that exceed 200
feet in height above the ground. The painting requirenents are relatively sinple;
however, nearly 20 different lighting specifications have been specified for different
antenna heights. It is the responsibility of the FCC to see that all owners of antenna
towers maintain these standards.

3.6.4.1 The FCC has two additional forns that are not application fornms but rather
conci se specifications for marking and lighting. These are: FCC

Form 715 (Cbstruction Marking and Lighting Specifications for Antenna Structures) and
FCC Form 715A (H gh Intensity Obstruction Lighting Specifications for Antenna
Structures).

3.6.4.2 During construction, tenporary warning lights nust be installed at top of the
structure, and at each |evel where pernmanent lights will be installed. The |licensee of
any radi o station having antenna structures requiring illumnation rnust inspect the
functioning of the required lights daily and

report imredi ately any mal functions of any top steady-burning |ight or any

flashing light regardless of its position on the structure to the nearest FAA Flight
Service Station

3.6.4.3 Wenever a |licensee constructs or alters an antenna tower requiring
obstruction marking or illumnation that will change the antenna height or the |ocation
of the tower a National Cceanic and Atnospheric Administration (NOAA) Form 76-10 rnust
be filed with the Aeronautical Chart Division of the National Ocean Service. NOAA Form
76-10 (Report of Radio Transmitting Antenna Construction, Alteration and/or Renoval)
nmust be subnmitted prior to the start

of construction and at the conpletion of such construction or change in order that this
informati on may be provided pronptly for use on aeronautical charts and rel ated
publ i cati ons.

3.7 EQUIPMENT AUTHORIZATION (FCC PART 2)

3.7.1 The REA borrower should distinguish between two ki nds of FCC Aut horization
procedures. This bulletin has, up to this point, discussed applications nade by the
borrower for a Radio Station Authorization or License. The manufacturer or inporter of
radi o equi pnent requests an Equi pnent Authorization fromthe FCC. Subpart J of FCC
Part 2 covers Equi pment Aut hori zation Procedures.

3.7.2 Radio equipment must neet certain FCC technical standards. The FCC

requi res that parties marketing certain radio frequency equi pnent, subject to

its technical regulation in the United States, nust perform nmeasurenents to denonstrate
conpliance with the applicable technical standards. The equi prent authori zation
procedures by which the FCC authorizes equi pnent are: type

approval , notification, type acceptance, and certification. Request for

aut hori zation of equi pment subject to these procedures is made on FCC Form 731
Marketing in the United States of equi pnent subject to the above-nentioned equi pnent
aut hori zation procedures is prohibited under FCC 2.803 narketing regul ations until the
FCC has issued the prerequisite Gant of Equiprment Authorization

3.7.2.1 Verification is a procedure where the manufacturer makes measurenments or does
what ever else is needed to ensure that the FCC technical standards are nmet. No
sanples, test data, or forns are sent to the FCC for verified equi pnent

3.7.2.2 Type Approval is an equi pment authorization issued by the FCC based
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on exam nati on and measurenents of specific equipment by the FCC s | aboratory. New
equi pnent and maj or nodifications require testing, while changes in identification of
presently type approved equi pnent or nminor nodifications do not.

3.7.2.3 Notification is an equi prment authorization issued by the FCC for different

cl asses of equi pnent operated w thout an individual |icense under

Part 15, and certain transnmitting equi pment used pursuant to a station |license
Notification is based on an applicant showing in witing that the required nmeasurenents
have been nade to denonstrate conpliance with the applicable technical standards.
Modi fi cations and perm ssive changes to authorized

equi pnent are nornally allowed without the requirenent to file an application, unless

t hese changes are so extensive as to cause the equi pnent to be considered a new
product, which would require a newidentification and requisite fees. The requisite
fees are al so charged for abbreviated application procedures (changes in identification
of presently notified equipnent).

3.7.2.4 Type Acceptance is an equi pment authorization issued by the FCC for many
categories of transmitting equi pnent used pursuant to a station |icense, based on
representations and test data subnmitted by the applicant. The requisite fees are al so
charged for abbreviated application procedures (changes in identification of presently
type accepted equi pnent).

3.7.2.5 Certification is an equi pment authorization issued by the FCC for equi pment
desi gned to be operated wi thout an individual |icense under Part 15 and Part 18 of the
Rul es, based on representations and test data submitted by the applicant. The

requi site fees are also charged for abbreviated application

procedures (changes in identification of presently certificated equipnent). Part 15 is
entitled "Radi o Frequency Devices." Part 18 is entitled "Industrial, Scientific and
Medi cal Equi pnent . "

3.7.3 Wth the exception of Point-to-Point Mcrowave Radio, all radio transnmitters
used by REA borrowers under FCC Parts 21, 22 and 90 require type acceptance. This

i ncl udes signal boosters and repeaters. Radio transmitters for Point-to-Point

M crowave require notification. Mre specific information

on these equi pnent authorizations can be found in FCC 21.120, FCC 21.122

FCC 22. 120, and FCC 90.201. For a description of procedures see FCC 2.951 through FCC
2.1045 within subpart J of FCC Part 2

3.7.4 Cellular radio transnitters require type acceptance. They nust also conformto
the conmpatibility standard (specification) for the air interface between base stations
and subscriber stations. The FCC requires that all conventional cellular radio systens
conformto Anerican National Standard- ANSI/ElA TI A 553-1989. The newer interim
standard for Dual - Mbde Operation EIA/TIA I S-54 contains al nost all of ANSI/El A Tl A 553
but there are sonme minor differences.

3.8 REA REQUIREMENTS AND MISCELLANEOUS ITEMS

3.8.1 An REArule in the Code of Federal Regulations, 7 CFR 1753.68 (a) (10) states the
followi ng: The borrower nust obtain authorization fromthe Federal Communications
Conmi ssion (FCC) to construct and operate radio transmtting equi pment. Evidence of
FCC aut horization is required for REA contract approval

3.8.1.1 This means that the borrower nust have previously subnmitted an FCC Form 401
an FCC Form 494 or an FCC Form 574 to the FCC and obtained a grant of authorization
(or alicense) for a radio station. The effective date on the docunent is the first
day on which construction may begin. (But see paragraph 3.3.8.4)

3.8.2 The FCC will not grant a Station Authorization (or License) unless the radio
equi pnents specified for use at the station already have equi pment authorization, if
required. This inplies that all transm ssion equipnents in the REA List of Materials
or covered by a letter of Technical Acceptance have equi pnent authorization, if
required by the FCC. This information should be obtained fromthe manufacturer when
request for product acceptance is received
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3.8.3 Most listed manufacturers have data sheets that state that a certain product has
an equi prent aut horization and give the nunber identifying it (although not all do so).
It may be difficult to obtain a data sheet on a new product.

3.8.4 FCC Form 730 (Application for Registration of Equi pment to be Connected to the
Tel ephone Network) is for use by any party w shing to register equi pment which connects
to the public tel ephone network. (REA does not make | oan funds available for termna
equi pnent.) A general discussion can be found in FCC

Part 68. Specific instructions can be obtained fromthe Donestic Facilities Division
of the FCC Common Carrier Bureau

(I'ntentionally left blank)

REA BULLETIN 1751H-701
Page 4-12



REA BULLETIN 1751H-701
Page 1-14

(Intentially left blank)



