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1. GENERAL

1.l This section provides REA borrowers, consulting engineers, con-

tractors, and other interested parties with information for use

in the design of rural telephone systems. It presents, in particular,

system design considerations pertinent to the preparation of the Area

Coverage Design (ACD), TE & CM Section 205, or Supplemental Loan Pro-

posal, (See REA Bulletin 320-1k, “"Loans for Telephone System Improve-
ments and Extensions.") -

1.2 This section replaces material formerly found in paragraphs 6 and

7 of REA TE & CM-205, Issue No. 4, March 1963. It covers for the
first time or with increased emphasis (1) All one-party service, (2)
Fine Gauge Design, (3) 1971 Transmission Criteria, (L4) Station Carrier,
(5) Common Mode Operation, (6) PCM Carrier, (7) Automatic Number Identi-
fication (ANI), (8) Subscriber Owned Equipment, (9) Van Type Metal Build-
ings, (10) Common Control Switchboards, (11) Underground Cable and Con-
duit, (12) New Services and (13) Coaxial Cable.Designers must be famil-
jar with these topics if they are t0 design the most economical system
for an area.

1.3 The design criteria are intended to reflect rural communications
requirements for the 1970's. Some’ primary concerns are:

a., Expansion of telephone service to all rural homes.

b. Emphesis on the provision of one-party service for
all subscribers.

¢, Aesthetics, ecology, employees and the public.
d. Ability to provide services upon request.

e, Innovation of new subscriber services made economically
and technically possible by advancements in electronics.

1.4 Figure 1 shows the base for T9T REA borrovwers, upon which new
services and facilities will be superimposed in the 70's. It
shows for example that 61% of the central offices have 200 Working
Lines or Less. How an individual system differs from Figure 1 de-~
pends upon how up-to-date the system is.
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1.5 The design will indicate the telephone plant required for the
system and the total estimated cost of construction of the facili-
tiese The design is the major engineering instrument influsncing the
proposed system and the adequacy of the services it will-be able to offer.
The subscriber date and the design enter into the determination of the
economic feasibility of the loan.

1.6 The manager of the system should be kept continually infosmed by
the engineer of the status and proposed characteristics of ths de-
sign 80 that important factors can be Jjointly conasidered. Major features
of the design (such as the addition or deletion of central offices, exten-
sive use of station carrier, etc.) must be coordinated with the manager,

2. BASIS OF THE DESIGH

2.1 The design must be based on an up-to-date area coverage survey
(see TE & CM-206, "Area Coverage Survey') wvhich forecasts sub-
scriber requirements and trends for the design period. There sbould
be available adequate maps of unserved areas and up-to-date as-bullt
maps for the exlisting areas where reinforcing is planned.

2.2 The dssign should also be based on an adequate fleld survey by
the engineer to obtain information concerning routing of the out-
side plant, geperal condition of the existing system, best choice of
facilities, new routes that may be required, etc. The survey should
include factors likely to have a significant effect upon the cost of
constyruction.

2.3 The connecting company arrangements must be determined for toll

trunking, operator assistance, EAS trunking, automatic number
identification, borrower-provided toll boards, automatic’toll ticket-
ing, etc.

2.k The engineer should consider alternate plans of service (see
Paragraph 3.3) and make cost comparisons of the alternates from
an annual cost a8 well as a first cost basis.

3., FUNDAMENTAL SYSTEM DESIGN CONSIDERATIONS
3.1 Primary Design Objectives

3,11 The main objectives of the design of the system are to provide
facilities to serve adequately the subscriber neéds at a reason-
able cost and to provide a sound basis for a loan. The fulfillment of
this objective will be affected by the level of accuracy in forecasting
deands for service and subscriber growth for the design period. Another
factor is the extent of knowledge of technological advances in the com-
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munications industry which may change and improve the methods of pro-
viding more economical and better service. The design should be as
forward looking as possible and should incorporate recent developments
to the extent that sufficient technical data is available to assure
that nevw features are technically sound and economical. Developments
that have not yet progressed to "REA Field Trial Status" should not
appear in the design although thsy may become acceptable prior to

the time plens and specificetions are prepared.

3.12 Recognizing the above limitations, the program outlined in the

~ design is based on forecasts of the anticipated service needs.
. The studies are intended to arrive at the optimum design for the pro-
Jected needs for service during and to the end of the design period,
usually five years. In fast growing areas it may be a shorter period.
With long range planning in mind, the requirements of the system to
meet the estimated demands for the design pericd are prepared in such
a manngy that they will also provide for economical system expansion
beyond the design period.

3.13 While long range planning will help to detexrmine the best system
design, the REA loan will generally be based on the cost esti-

mate for the 5-year facilities. The economic feasibility of the loan
vill be determined by the revenue anticipated from subscribers for the
system as designed. The investment in 5-year plant should therefore
be given careful study and should be the minimum consistent with the
desire to provide facilities capable of economical future expansion
to meet the long range obJectives,

3.14 To arrive at an optimum design, cost comparisons of several
different methods may be required. Methods of making such
studies are discussed in later paragraphs. '

3.15 All design should be in accordance with design and construction
standards established by REA for bvorrowers' systems. These

standards are set forth in the various sections of the REA Telephone
Engineering and Construction Manual (see REA TE & CM-102, "Numerical
Index"). The system engineer should be thoroughly familiar with this
menuval before initiating a design and should refer the individual
doing the detaill design to the appropriate sections during the design
process,

3.2 Use of the Area Coverage Survey Data

3.21 The ACS provides an estimate of the potential subscribers that

will take service in the design period: It is not possible for
the ACS to predict the grade of service (1) when more than one grade
is to be offered or (2) the location of specific potentials which will
want service or (3) exactly when a particular esta.blishment will de-
sire service, if at all.
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3.22 In areas not previously served by REA borrowers, as a resuld

of a detailed field survey, all establishments will be shown

on the ACS maps and will be rated as to their status or prospscts as
subscribere.

3,23 There may be sections of the country where the population is
decreasing and will therefore have a significant numbsr of
establishments which have uncertain possibilities as future subscribers.

If the design and construction. of the telephone system is to be core
rectly engineered for adequate service at minimum cost, all possible
means must be taken by the engineer and the owner to insure that the
data and the growth picture as presented in the ACS are reflected im the
subsequent design.

3.24 In contrast there are areas where growth might develop from
future establishments whose actual location is hard to pre-

dict two or more years in advance. Therefore, the engineer should
at all stages of the design incorporate as many flexible features as
possible without incurring. cost penalties., Carrier systems are avail-
able that will assist in doing this. This makes it possible to pro-
vide service temporarily with carrier which cen later be replaced with
cable facilities or possibly even a central office.

3.25 REA TE & CM-210 provides detailed information concerning recam-
mended design procedures for establishing the size of outside
plant facilities after the subscriber distribution is determined.

3.3 Analysis of Alternate Design Considerations

3.31 For important segments of system design, the engineer has the

responsibility of making cost comparisons to select the plant
facilities on the basis of the lowest annual cost to provide the ser-
vices required. These studies may involve:

a. Analysis of central offices--number, location,
size, and type of equipment.

be Methods of expanding plant facilities for upgrading
subscriber service.

c. Alternate means of providing trunk facilities--physi-
cal, electronic (voice frequency repeaters, carrier,
radio, etc.).

ds Alternate means of providing subscriber circuits -
physical (eerial, underground or buried cable, distri-
bution wire, etc.); electronic (station carrier, loop
extender, VF repeaters, open wire carrier, mobile
radio, etc.).
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@. Choice of retaining or replacing serviceable
plant items.

f. Various methods of meeting transmission re-
qQuirements, including common mode arrange-
ment, imdividual line treatment, equalization,
etCo

€. Automatic toll ticketing, automatic line or
number 1dentification,

h. Extended Area Service (EAS) - direct trunks or
‘tandem operation.

i. Division of toll line ownership; carrier and
voice repeater ownership.

Jo Selsction of microwave facilities.

ke Use of underground facilities such as cable
vaults, manholes, and ducts.

3.32 The proper determination will be obvious for some of the above
items for a particular system. For others, an economic study
will be required using major design and construction criteria, plus pos-
8ible time period analysis, such as the present worth of the ennual
charges.

3.33 Application of Cost Comparisons to Specific Systen Designs

3.331 From the ACS, the enginser determines the extent of the area
to be served, the number and distribution of existing and

potential subscribers, and the grade of service desired. From a
field survey and plant records the engineer will know the condition
and location of the existing plant facilities and conditions in umn-
served areas, There may be a number of plans which can serve as a
basis for the system design. Two or three can usually be selected,
by visual inspection, for detailed analysis. The engineer should
study and compare only those costs which would be of significant dif-
ference in each plan. If an alternate plan differs in the results it
offers, such as quality of service, quantity of circuits, transmission,
etc. proper weight must be given to the difference vhen interpreting
the results of ths study.

3.332 8ufficient information for a decieion usually can be obtainsd
from comparing large size cable plant, station carrier, cen-
tral office equipment, trunking requirements, and buildings. Whsn a
point is reached where one plan is clearly higher in cost than the
other the study can be ended.

34333 Where two plans are nearly equal in cost, the following factors
should be considered.

-5 -
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8, The plan that requires the minimum initial
investment in plant facilitlies to serve the
subscriber estimate. For example, Plan A=
(substantially all physical plant facilities)
might have an annual cost about the same as
Plan B with extensive amounts of caxrier. If
there is an extensive growth expected evenly
over the full five years select Plan B, be-
cause minimum physical plant can be expanded
for growth with carrier equipment and annual
charges deferred until the necessary channels
are actually added later as the subscriber
growth dictates. Cable reinforcement will be
required beyond five years. On the other hand,
if most of the growth in circuits occurs at -
cutover to one-party Plan A (the all physical
plan) at the same cost will permit substantial
future growth with lower cost carrier likely to
be available in five years.

be The capability of the respective,plans to reuse
existing plant in satisfactory condition wherxe
doing so would result in requiring significantly
less nev investment. The plan which reuses the
greatest amount of existing plant and 1if 1%
quires the least amount of new capital should
be favored, other things being equal.

¢. The capability of the respective plans to pro-
vide for unforeseen circumstances such as unantici-
pated growth or unplanned sexrvice demands.

d. Capability of the plans to provide for economi=
cal expansion because the demands for communi -
cation services are increasing at an accelerating
rate.

30334 The engineer should list factors influencing the design choice
in addition to strict first cost and annuel charge comparisom.
Once & plan has been selected, the design should be developed in detail
and the cost estimate prepared for the facilities required.

3.335 It is not intended that the engilicer apply annual cost cosparisons
to such an extent as to interfere with practical design coasidera-
tioes. For example, strict annual charge comparisons for an outside plant
1eed might show that the circuits should change from aerial. to buried, from
atation carrier to physical, or from retained plant to new plant or from
yural distribution wire to buried wire or some such arrangement at varioms
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points., This would create an impractical and from an operating stand-
point unsconomical design even though it might be shown that the theoreii-
cal annual costs were lowest according to the analysis for each segment.

3.336 In certain elements of project design, sufficient historical data
have been accumulated on which to predicate the choice of facili-

ties without detailed analysis of the annual costs---for example, (1) where-
ever burying cables in rural ayeas is practical, no comparison with aerisl
cables is necessary; (2) 2b-gauge cable and central office mounted voice
frequency repeaters are more economical than 22-gauge cable without voice
frequency repeaters. REA standards set forth in the Telephone Engineering
and Construction Manual and various REA standard specifications are also
frequently bagsed on historical data. The engineer does not have to con-
sidsr comparisons for segments of plent vhere standayxds exist, however,
this ghould not be used as a Justification for not making comparisons be-
tveen established and new techniques.

30337 REA TE & CM 218, "Plant Annual Cost Data for System Design Pur-
poses," provides information to assist in cost comparison studies.
Typical depreciation and maintenance rates for various types of plant are
indicated. Where reliable data for the system being designed is avail-
able, it should be used instead.

L, DEVELOPMENT OF THE SYSTEM DESIGN

The paragraphs wvhich follow outline some of the considerations which must

be followed in comparing alternate designs and in preparing the detailed
studies of the plan vhich is finally selected.

4,01 Location and Establishment of Central Offices.

4,011 The number of central offices which should be established to serve
the area,is determined by making a study of the costs and advan-
tages of several possible alternate arrangements.

4,012 It will be seen that the determination of the optimum number of
central 6ffices requires the engineer to achieve a balance between
(1) the eavings to be realized in major outside plant facilities and (2)
the additional expenditures required for trunk plant, central office equip-
ment and buildings, and (3) the difference, if any, in annual revenue and
expenses between the plans.

4,013 As a general rule, a system vhich consists of only one central office
requires minimum expenditures for trunks, central office equipment
and buildings, but such an arrangement requires more expenditure for out-
sides plant and/or station carrier equipment vhich may become a greater bur-
den ip the future. If the same service area is divided into more than ons
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central office area, the trunking, central office equipment, and build-
ing costs are multiplied. To be economical these increases must be off-
set by savings in outside plant. In certain areas the availability of
central office codes may also be a consideration., The best overall bal-
ance should be determined by studies of several alternate arrangements.

L.Olh EAS trunk groups can be eliminated between small offices when

existing central office areas are consolidated. Combined trunk
groups can be operated more efficiently than small groups between several
small offices. In addition, central office codes can be kept to a mini-
mum; cost of new sites may be saved; existing building space may be uti-
lized where available, etc. Telephone companies must consider carefully
the advantages of planning for larger central offices at fewer locations
perhaps replacing or avoiding small central offices with electronic switch-
ing units.

L,0l5 1In the T0's subscribers in rural areas will be expecting services
such as pushbutton dialing, call waiting, three-way calling, call
transfer, spsed calling, facsimile, data service, etc., now only avail-
able in the largest cities and practical in large central offices,

4,02 Central Office Equipment

L.021 It has generally proven practical and economical to utilize unat-
tended dial central offices for switching local traffic. These
offices are in turn connected to attended offices which serve as direct
distance dialing (DDD) operator assistance and information centers, etc.

4,022 With the rapid development of rural service during the last two
decades, it was necessary to establish numerous small central

dial offices to reach rural subscribers within transmission and signal-
ing linits in existence at that time. With the advent of electromic
gain devices permitting economical long loops, and new types of carriers,
it is expected that future céntral offices will become larger and more
.versatile. Resistance is important because of its effect on signaling
and supervision of the circuit by the central office equipment. New
dlal central office equipment confoxming to REA specifications is re-
quired to operate satisfactorily with subscriber limes up to 1900 ohms,
including the telephone set. For loops exceeding this limit, long line
adapters or loop extenders are needed with the central office equipment.
Existing retained central office equipment loop limits should be investi-
gated as they may be as low as 1000 ohms or range upward to 1300 ohms
capeblility. Signaling limits can be extended econcmically.

4,023 Inward Direct Distance Dialing is essentlal with dial offices,
outward DDD is very desirable. If the telephone system has
been manually ticketing considerable toll traffic and obtaining appreci-
able revenue from this source, it is desirable to atudy means for continu-
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ing this incoms. It is unlikely that either & large or small all manual
toll switchboard can continue to be operated economically; therefore,
the edvieebility of automatic toll ticketing equipment should be con-
sidered for existing large manual toll centers. Such equipment is now
availabls to perform the complete accessing, timing, ticketing, and
recording functions; newer types are now availabls that provide all of
the necessary features for inter-toll access and are compatible with
Bell System equipment. An end (Class 5) office can be equipped to fur-
nish subscriber idsntification to an AMA center either Bell or Independ-
ent owned. Identification of the calling number cen be passed on verb-
ally to an operator (ONI) for recording when the end office provides
sulti-party service. However, the preferred method is to transmit the
calling number automstically over the trunk to the AMA center when all
one party or one and two party service is offered. Some types of ticket-
ing equipment may also be adapted to handle "person-to-person,” collect
and special service (PPCS) calling. Accese trunks to the toll office
must be provided along with appropriate signaling apparatus. A quality
of toll service is desirable that is comparable or better than excellent
local service (not worse then Pm,OL for toll trunks)e.

4,024k A study must be conducted on the economics of methods for handling
toll ealls and it is essential that a conference be held with the

connscting company involved to obtain agreement for automatic toll ticket-
ing of dialable calls and the forwarding of person-to-person, assistance,
credit card, and similar calls to connecting company operators. TE & CM=157,
“"Customer Toll Dialing," contains additional information regarding the
economics and the use of ticketing equipment. It also outlines exsmples
of the economics of automatic number identification (ANI) equipment at
gmall and medium size tributary offices. TE & CM-328 discusses types and
features of ANI equipment. An alternate method that is somevhat less
costly is to have the calling subscriber dial an extra preliminary digit
(circle digit) as a part of the access code. Although this latter tech-
nique hes been available for about ten years, its use is declining. REA
borrovwers generally prefer operator identification on perty lines with
ANI on individual lines.

4,025 For central office switching equipment, the engineer must develop
the most suitable features to be included. KREA TE & CM-325, "Appli-

cation Guide for the Preparation of Detail Central Office Equipment Require-
ments" discusses many of the alternates to be considered. Common control
equipment (electronic or crossbar) should be planned for new offices (1)
over 1,000 lines or (2) where complex switching beyond the capability of
direct control equipment is required. The capability of new central office
equipment to handie anticipated new services such as pushbutton telephones,
data sets, abbreviated dialing, call waiting, 911 emergency callings, etcC.,
is bvecoming increasingly important.

« 9 =
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ko026 There will be instances where a borrower is faced with the problem
of substantial growth in subscribers and services required which
are beyond the capacity of existing step by step offices. Some altsrnates
vhich must be analyzed are:

8. Expanding with additional Step-by-Step squipment
possibly supplementing with reglster-senders, or
special appliques to facilitate bhandling required
nev services.

be. Replacement with common control central office equip-
ment.

4,027 The choice should be based on all pertinent information that

can be obtained, Data is required concerning the existing dial
switchboard, Hinimmm data should include the manufacturer, model, year
of manufacture, quantity of equipment, and estimate of the condition.
If it is likely to be retained a switching diagram will also be required.

L.028 Once the type of central office equipment has been established,

the engineer can develop the number of lines required from the
number of subscribers, line fill and circuit data. The number of inter-
office trunk terminations and switches can be determined as a result of
the trunking study and negotiations with the connecting company. Based
on these determinations, the cost estimate for the central office equip-
ment can be preparaed.

4L.029 Information on central office equipment is included in the 300

Serles of sections of this manual and in the REA TE & CM=156,
"Nationwide Toll Ddaling," =157, "Customer Toll Dialing," and 810,
"Central Office Electrical Protection",

4.03 Central Office Area Boundaries

k,03L As the engineer determines the number of central offices to serve

the area, he must establish the central office area boundaries.
insofar as possible, the central office area should include all subscri-
bers vho have a definite community of interest with each other, If a
primary community is divided into two or more central office areas, ex-
tended area sexrvice should be provided between these areas.

L.032 At tbe outer extiremities of two contiguous central office areas,
will be subscribers who may have nearly equal integest in tne

two areas. The boundary between central office areas should be establishad

according to the community of interests of the subscribers. However, the

service ares should not be distorted to serve a selected group of sub-

scribars 1f severe economic penalties result.

w 10 =
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%4033 Central office area boundaries should follow matural or cultural
features of the area insofar as possible. Using rivers, ridges,

railroads, etc., as the dividing line between central office areas help

in avoiding frequent comstruction of river or railroad crossings or other

types of costly construction and makes the dividing lipe easier to Justi-
fy to the subscribers.

k40 Central Office Location

4,041 The location of the central office should be at or near the point

from which outside plant facilities may be most economically pro-
vided, and from which the administration and maintenance of the office
can be conducted. Central office areas are seldom symmetrical in shape,
and the subscribers are never evenly distributed throughout the aresa.
Vieinities vhere subscribers are concentrated tend to pull the central
office location ip their direction.

4,042 Computer programs have been used in determining the best location

for central offices in large cities, but trial and error compari-
sons of various locations and engineering Jjudgment are usuvally employed
in dstermining the wire center in rural areas.

k,O0R3 Practical considerations may require that the central office be
shifted from the ideal location to a less desirable location.

Some of these considerations are: the cost and availability of land at

the preferred location, accessibility-by all weather roads, fire hazards,

an adequate and reliable power supply. Additional information regarding

the location of the site is contained in REA TE & CM 301, "Central Office

Buildings."

L, Ok The foregoing discussion applies primarily to central office loca-

tions in predominately rural areas. The same general principles,
however, apply to locating &n attended central office in more populous
areas. In addition, the availability of & work force, taxes, water sup-
ply, and sewage disposal should be considered if a business office. or
astended dial office is involved.

%05 -Study of Traffic Data

14P%L The engineer anust develop the traffic data needed for planning
the cent-al. office facilitiles and for planning toll and any ex-
{anded area service trunks. Circuit requireménts are forecast based on
usage shown by the data, plus Judguent and knowledge of expended trends
and predicted grovth. :

8,052 Some systems may have current traffic information availablé from

toll separations or other traffic studies which can be used to
develop the needed traffic data. Calling information associated with

-1l =
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large individual toll users should be adjusted or deleted if the traffic
data is being prepared on a per subscriber basis.

ko053 Traffic tables and other data to be used in traffic calculations
will be found in the 500 Sexries of sections of the REA TB & Ci

4,054 Generally, traffic studies are not required at the ACD or Supple-

mental Loan Proposal stage but should be made during the busy
seagon Just prior to the preparation of central office plans and speci-
fications.

L.06 Connecting Company Services and Arrangements

4,061 In order that the telephone system may provide its subscribers
with service beyond the immsediate borders of that system, inter-

connecting and interchange of traffic with a connecting company (or come
panies} will be necessary. Coordination between the owner and the con-
necting company will be required to insure such service. REA Bulletin
340-3 discusses this matter in detail and, therefore, reference should
be made to it. The engineer should be thoroughly familiar with pxo-
visions of the Bell System standard traffic and operator assistance
{DSA) agreements in order to assist the owner in working out satis-
factory connecting company arrangements. Information on the traffic
a.greex‘:'wnt vill be found in REA TE & CM 225, "Bell System Traffic Agree-
ment.

4,062 Extended area service (EAS) is desirable between neighboring ex-

changes having a definite community of interest with each other
through school, business, or other association. See REA Bulletin Lll-l
"Extended Area Service." It is essential that equitable agreements for
EAS arrangements and equipment cost sharing be negotiated with the con-
necting companies involved.

4,063 Connecting compeny agreements may have a significant effect on the
design of the system. The terms of the traffic agreement may deter-
mine whether or not it is desirable to consider automatic toll ticketing
for the offices, or otherwise arrange to time and ticket specific calls,
The operator assistance and extended area service agreements may also
affect design characteristica.

k084 It is necessary to obtain a general idea of the possible connsce
ting company arrangements before undertaking the detail work of
de reloping the design. After determining tentative arrangements, proceed
with 8 study of alternate pians. Upon completion of the studies to deter-
wine the nuwiber, type, and location of central offices and their respective
service areas, the engineer and the owner should meet with the conrecting
company or companies if there are significant changes from existing ar-
rangenents and discuss the detailed requirements for improving trapsmission,
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for bandling toll, EAS, automatic toll ticketing, assistance and ser-

vice calls, etc. (See REA Bulletin 340-3). The results of such a meet-
ing will provide further guidance to the enginser in the development of
the system design.

k065 The borrowers' engineer should review any connecting company are-

rangements to selsct the most economical solution. Every effort
should be made to avoid unnecessary equipment a8 may result when care
rier systems are comnected back-to-back or voice frequency extensions
of carrier are suggested.

k.066 Since the charges and toll revenue resulting from the connecting

compeny arrangemsnts will play a part in determining the annual
expenses and revenue of the system, these items should be discussed dur-
ing the meetings with connecting companies along with the discussion of
the actual facilities involved. When the facilities have been deter-
mined, it is essential that the terms and conditions under which these
facilities and connections will be provided are covered in the minutes
of the meeting or are in letters of intent to the owner from the con-
necting company., (The ACD will be considered incomplete until such
minutes, letters or preferably a contract to determine the annual ex-
penses and revenues to the owner for the connecting company arrange-
ments have been received. The REA field representatives should receive
notice of any delays in obtaining letters or contracts.)

4,07 Outside Plant

L.071 Outside plant constitutes a large part (generally about 50 percent)

of the total investment in telephone plant which must be con-
structed to provide service in rural areas. In developing the outside
plant facilities the engineer needs to determine (1) if the preferred
buried plant can be used, (2) the most economical sizes and gauge of
cable, (3) vhen and where to provide them, (4) where to use special
facilities with extra protection, etc. Engineering decisions must be
made concerning retaining useful existing outside plant in lieu of re-
Placing it with new plant, placing additional circuits om existing pole
lines, paralleling existing buried plant, paralleling power lines (See
REA Bulletin 361-8 "Inductive Coordination of Power & Commnication
Facilities") or of adding plant on nev right-of-waye

L.,072 Buried Cable and Wire Facilities

k.072l During the 60's, there have been major improvements in techniques
for placing buried wire and cable which have resulted in less
overell labor coste in burying plant than previously was poesible. The
reduction in the cost of plowing, along with the improved wire and cable
designed for "direct burial", has made the construction of buried plant
widespread. During 1970 more than 85% of REA's borrowers' outside plant

-13 -
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construction wvas buried. See Figure 2 "Investment in Telephone Plant
for the changing makeup.

4,0722 Buried plant is generally more economical on a first cost basis

than aerial or plant in conduit. Exceptions vhere this ecopomic
advantage may not be realized are in urban areas or arsas of ekxtensive
rock formations. In such cases, a combination of buried and serisl plant
may prove to be the most economical construction for the eystem, Compduilt
may also be necessary although quite expensive.

L,0723 Although the correction of damage or faults may be more expensive

in individual situations, buried facilities are much less exposed
to physical damage than aerial facilities, Experience has shown that
such corrections are needed less often. Fewer failures mean longer
periods of satisfactory operation and consequently, greater reliability
and improved subscriber satisfaction. Buried plant is particularly ad-
visable in areas of frequent ice storms and high velocity winds. It is
generally not exposed to power line contacts, In addition, buried plant
vwill satisfy the growing impetus from the public and from local authori-
ties for the improvement and preservation of the aesthetic values of the
rural countryside.

4,072k Advantages for consideration of buried plant arxe as fallowsa:
a, Rapid construction is attained
b, Staking is less complicated
¢c. There are fewer right-of-way problems

d. There is reduced susceptibility of damage from
vehicles

e. There is more safety for workmen (falls and elec-
tric shock).

f. It is not subject to wide temperature variations

g. Minimum exposure to corrosive elements that may
be present in the atmosphere.

4,9725 In view of the advantages and the major improvements in materiels,
and construction techniques such as greased filled cable and
measures to protect from corrosive elements existing undexrground or for
gopher protection, the engineer should reexamine. situvations vhere it was
formerly considered impractical or uneconomical for burial of cable or
wire.

- 14 =



REA TE & CM-204

4.,0726 It is desirable but not necessary to consider an entire system
(or even a whole exchange area) for burial. Scometimes it will
be necessary to construct aserial plant in small towns because of paving
or othey utilities precluding economical plowing of telephone cable or
vire, but conditions may be entirely favorable for burying the rural
plant, Aerial inserts may be used where ledge rock is encountered or
for meeting peculiar terrain conditions (such as bogs) not suitable for
economical buried plant constyruction but inserts should be kept to a
minimum,

4,0727 When using right-of=way for buried plant future reinforcement

must be considered. The initial cable may be buried at in-
creaged depth with the reinforcement at a lesser but safe depth, or close
to one edge of the right-of-way with the reinforcement near the opposite
edge. Where future plowing may not be practical an oversize cable or a
flexible plastic conduit may be installed initielly.

4.,0728 TE & CM-640, "Design of Buried Plant," TE & CM-6L41, "Construction
of Buried Plant," TE & CM=642, “Staking of Buried Plent," TE &
CM-816, "Electrical Protection of Buried Plant," discuss other consider-
etions involved in determining the application of buried plant.

4,073 Miscellaneous Cable Items

4L.0731 Split pipe may be used on bridges to attach and provect the
vire or cable lead. For railroad crossings, aerial inserts
bhave been supplanted by the technique of pushing pipe through the road
bed and continuing the buried facility. TE & CM~617 "Railroad Cros-
sing Specifications” discusses this further.

4.0732 Composite cable is the combination of two gauges of conductor
under one sheath. During the past ten years such a combination
has proven to be less economical than two separate cables and may re-
quire long delivery periods from the factory. We therefore recommend
it not be used.

4.0733 The annual cost of providing two separate cables, one of which
is heavy gauge, as the means of meeting transmission and signal-
ing objectives should be compared with the annual cost of other methods
of achieving the same objectives. Other possibilities to consider are
loop extenders, long line adapters, various types of carrier equipment,
and central office and field mounted voice fregquency repeaterse Sepa-
rate cables may sometimes be desireble for trunk circuits.

k.0T34 Large size paper insulated conductor cables mayibe considered

for eerial or underground (in conduit) installations. Conduc-
tors are color coded according to a standard grouping (not fully color

- 15 -




REA TE & CM-204

coded as PIC). The preferred outer covering is corrugated aluminum tape
and an overlapped soldered seam steel tape with an outer polyethylene
Jacket. It is referred to as stalpeth cable. These cables are manue
factured in standard sizes up to 3600 pair 26 gauge. Coarser gauge cone
ductors are available with the maximum number of pairs being hsld to that
standard size that will give a diameter less than 3.5 inches. They may be
chosen for applications where their electrical characteristics (1ightning
and transmission) are found to be satisfactory. Situations to consider
might involve large feeder cables. It is not desirable to introduce fre-
quent splice openings in paper insulated cable. Pressurization is fre-
qQuently provided. If existing conduit is filled with full size PIC cables
paper cable provides a means to maximize the number of pairs that can be
installed in the limited space.

4.0Th Underground Cable

4,074l Cable .in conduit is very expensive but should be considered when
conditions are appropriate:

a&. Where a duct can be made available in an existing
copnduit system.

b, Whexre serlial cable 1s not permitted, surface resto-
ration costs are very high and direct burial appears
to be impractical.

c. For crossing highways or other situations where asrial
crossings or direct burial are not allowed or are in-
advisable.

d. Entrances to a central office vhere appearance is
espscially important and direct burial is not practi-
cale.

4,07k2 Tile, Concrete, Asbestos cement, Fiber and Plastic Duct are avail-
able, Flexible plastic duct may be plowed in separately or at the
timas & buried cabls is installed.

4,0743 1In REA borrowers' systems, underground cable is generally 600
pairs or larger. In 50% of the cases manhole spacing is 40O
feet or less and in 90% of the cases it is 70O feet or less.

4,07l In RBA vorrowers® systems 40% of the duct feet ave multiple

Tils, 25% Asbestos Cement, 15% Plastic and 15% concrete. They
wave an average duct £ill of 50%.
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4L.075 Joint Buried Plant Construction

4.,0751 Joint burial of electric and telephone facilities is the place-
ment of both these in a common trench either by plowing or trench-
ing. It may be classed as fixed separation where the elsctric and tele-
phone cables ars everyvhaere separated by a specific minimwm distance or

random separation which eliminates the minimum separation if specified
rules aye followed.

4.,0752 Until the 1960's, almost all buried construction by electric
and telephone companies was separate from each other. The cost
of trenching and precise separation of the cables previously made it ad-
vantageous t0 plece the facilities some distance apart.

4,0753 The fixed (minimum) separation distance requirement for joint
buried plant usuvally means trenching will be required and the
cost will be increased. If this.is a requirement in the area by the state
or local code, it will probably be more economical to place the cables
separately. When random separation is allowable, both electric and tele-
phone cables may be plowed in together or laid in the same trench.

4,0754 If the telephone company and the electric utility consider joint
buried construction, coordination of a number of factors, such
as length of joint buried sections, depth of burial, identification of
the cables, bonding, type of housings, division of costs, location of

distribution and service runs, etc., will be essential. See TE & CM 640
and its addenda.

4,076 Aerial Cable

L,0761 Aerial cable facilities have been steadily improved and are
comparable to buried cables in terms of serviceabllity and
except for some extreme situations, reliability. Polyethylene jacketed
color coded types are recommended, and described in REA shecification
PE-22., Ready access enclosures makes rearrangements of these cables
less costly then paper insulated types.

4,0762 In urban areas, aerial cables are more economical than buried
in many cases due to below the ground congestion from other
utilities, cutting and restoring concrete or other hard surface material
and the fact that drops are closer together and can be taken off con-
veniently and inexpensively but lowest first or annual cost should not
be the enly consideration.

4,0763 IF & CM=620L "Btaking of Aerial Plant," TE & CM-627, "Route and
Pole Numbering,” TE & CM-628, "Plamstic Insulated Ceble Plant
Layout," 1% & CM-630, "Design of Aerial Cable Plant,” TE & CM=635,
“Construction of Asrial Cable Plant," TE & CM=636, "Aerial Cable Plant
Assembly Units," TE & CM-650, "Guys and Anchors on Wire and Cable Line,"

TE & CM-815, "Electrical Protection of Aerial Cable,” provides detail
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dotail information on outside plant design.
4,077 Rural Distribution Wire

4,077T2 Rural distribution wire (RIW) of the jacketed type is an accept-
able facility that is lower in initial cost then cable and is

satisfactory for limited usage other than for main leads. It does not

have a metallic shield, It may be sultable for short leads, laterals,

branches, or for temporary service. Distribution wire has been used

as an insert in open wire lines where heavy foliage was encountered

or to facilitate Joint use where spacing was critical.

4oO772 The absence of a shield causes distribution wire to be more sensi-

tive than cable to power line noise influences and other external
interference sources. There may also be variation in mutual capacitance
of the pairs and higher pair-to-pair capacitance unbalance which tend to
increase crosstalk. It should, therefore, not be used where the future
use of carrier equipment or voice frequancy repeaters is even & possi-
bility.

L.0T73 TE & CM=620 "Design and Construction of Figure 8 Distribution
Wire," discusses details of this construction. See also TE & CM-6l11,
"Design of Pole Lines," and TE & CM-650, "Guys and Anchors on Wire and Cable

Lines."
4,078 Open Wire Facilities

4,0781 Although REA borpowsrs still have a million miles of open wire

the application of open wire has diminished greatly. For several
Years retirements have been exceeding nev wire miles that have been con=
structed. For new loops the use of open wire becomes a questiopable
choice. Cable type facilities supplemented by gain devices, proper load-
ing, or carrier,can operate satisfactorily and economically to almost
any distance,

L,0782 Comparative cost studies indicate that it is not economical to
reinforce open wire facilities with additional open wire. Open
vire carrier is still a useful technigue for reinforcemsnt in some parts
of the Uaited States. Cable or rural distribution wire can frequently
be added to existing poles, or a buried facility can be placed along the
route,

L,07835 TE & CM Sections 603, 605, 610, 611, 615, 616, 619, 625, 626,
627, 650 and 820 discuss details of open wire facilities.
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4,08 Joint Use of Poles and Structural Coordination

4,081 Joint use of poles of other utilities may offer opportunity for
savings in aerial outside plant costs. While maximum bepefit-

can be expected from pole lines constructed especially for joint use,
there may be significant savings possible through the use of subscriber
cerrier on electric pole lines. Subscribers more than 100 miles from
the central office are being serviced with this technique. Important
considerations are rental rates, adequacy of pole strength, sufficient
pole heights for required ground clearance, and power and communications
conductor separations to meet National Electrical Safety Code require-
ments, or local code requirements if they are more stringent. (See
TE & CM-601, "Discussion of National Electrical Safety Code.")

4,082 It is the engineer's responsibility to evaluate and judge the
desirability of Joint use as compared with other methods of
construction. Potential noise and interference problems should not be
overlooked. When joint use appears favorable, firm arrangements con-
cerning pole and attachment rental costs and costs associated with electri-
cal protection, plus any modifications or additions required should be
determined. Safety considerations must be fully evaluated.

4,083 Where aerial plant is proposed but general joint use is not plan-
ned, the engineer should make arrangements for avoidance of cone

flicte through the use of joint pole crossings. Joint crossings are es-
sential for clearance and power contact protection. A coordinated pro-
tection scheme should also be arranged. The use of the multi=grounded
neutral of the power system (if available) for grounding telephone cir-
cuit protective devices and the use of the preferred grounds at subscri-
bers' premises for station protection should be incorporated into this
design. (See REA TE & CM-«805 "Subscriber Station Protection.")

4.084 Extensive joint use has not been proposed by REA borrowers for
many years. Where extensive joint use is planned, long term
joint use agreements are desired to assure the REA borrower of continu-
ing occupancy rights and stability of rentals. This is in the interest
of security of long term REA loans. The engineer assisting the owner
in joint use negotiations and in making economic analysis of joint use,
should be familiar with REA Bulletin 305-1 covering REA recommendations
on joint use and the standard contract forms recommended therein.

4,09 Interoffice Trunking

4,091 A trunk study will be required to indicate the number and types
of inter-office trunks between the various central offices.

4,092 These trunks are usually derived from voice frequency cable pairs
or cable(or open wire)carrier systems. Carrier multiplex derived
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eircuits are also provided on microwave radio which plays an important
part in deriving many high quality trunk systems. (See paragraph L.1k).
In rural systems, trunk circuits are usually in the same cable as sube
scriber loop circuits. As the use of data circuits increase and impulse
noise becomes more of a problem separate cables will become more CORERON o
The engineer must select the method of deriving the trunk circults ac-
cording to the economics involved. In the economic analysie, the time
period in which various trunk requirements are antieipated will be an
important factor to consider and may influence the type of trunk facile
ity chesen. The engineer should indicate on the trunking diagram of
the proposed system the estimated S=year trunking requirements for each
trunk r~oup., It should be kept in mind in long range planning that
existing open wire trunk groups and carrier on open wire facilities to
be retained for the immediate future will likely be replaced due to
unreliability, maintenance and other considerations and provisions should

be made in the trunking plan for their future retirement.

4.093 Since the trunk circuits which the engineer is planning will often
terminate in a central office owned by another company, it is

imperative that the engineer work closely with the connecting company 80
that the type, number, and method of operation of the trunks are mutually
accaptable to both the owner and the other company. The coordination of
this phase of the system design work should be conducted Jointly with

the owner since the plan which is finally agreed upon by the two companies
will involve contractual obligations on the part of the owner. (See REA
Bulletin 340-3.) To best serve the interests of the owner in executing
this work, the engineer must be familiar with the terms and conditions
of connecting company agreements and the methods used to determine toll
revenue.

Lk.094 The analysis of the most economical method of providing the trunk
c¢ircuits will probably have to coincide with the development of
the exchange outside plant requirements since primary routes and capaci-
ties will not be lmown until these are established.

4,095 REA TE & CM-319, "Interoffice Trunking and Signaling," -hlS,
"Transmission Objectives," -431,"Voice-Frequency Loading for
Trunk Cables," =4hli, "Calculation of the Net Loss of Negative Impedance
Repeatered, Loaded Trunks," -904, "Application Guide for Trunk Carrier
Specifications, REA Form 397b," and =930 "Use of Point-to-Point Radio
(Microwave ) in Telephony," contain detailed information related to the
design of trunk plant.

k.10 Transmission Criterias

L,101 The primary transmission objective is to provide reliable, uni-
form quality, low loss circuits between subscribers within an
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exchange area and between subscribers served from different central of-
fices, Certain recommended standards or limits are established for de-
sign guidance. See TE & CM-Ll5, "Transmission Objectives.” Deviations,
if any, from standard transmission criteria must be given prior REA ap=
proval, The most economical method that meets the standard objectives
ghould be selected wherever possible.

4,102 The 400 series of the REA TE & CM provides detailed trunk and
subscriber voice frequency transmission guidance.

4,11 Carrier Equipment

4,111 The 1960's saw the development of better and more relieble car-
rier equipment through the use of solid state components. As &
result, there is now aveilable a wide variety of transistorized carrier
equipment for application over cable facilities. Telephone systems find
carrier economical and useful in conjunction with new physical plant and
also & practical means for planning the reinforcement of existing facili-
ties. Carrier has inherent advantages from a transmission and signaling
standpoint and frequently makes 1% practical to provide service to sub-
scribers upon request. It should be chosen vhenever the annual cost of
carrier versus that of comparable physical plant are nearly the same be-
cause of its flexibility and versatility. It is especially advantageous
if channel growth extends uniformly over the full five years., Channels
can be added as required, Expansion costs can be deferred in this man-
nere TE & CM-90l, "Fundamentals of Carrier Telephone, =305, "Cable Car-
rier Systems and Carrier Frequency Transmission Through Cable", =822,

"Electrical Protection of Carrier Equipment," contain additional inform-
ation.

4,112 Some newer types of carrier vhich are pulse code modulated (PcM)
are lower in cost than analog type systems. The latest gener-

ation of subscriber carrier (station carrier) is available at & fraction
of the cost of older types of equipment. The dovnward cost trend is ex-
pected to continue in the 1970's. Most of the carrier equipment avail-
able today requires a minimum of alignment during its installation and
for maintenance. Station carrier equipment has been developed for sube
gscriber use which requires no alignment at all. This equipment has been
designed for ease of maintenance by the telephone companies. Experience
showe that telephone maintenance personnel not trained in elsctronics
can meintain this equipment satisfactorily.

4,113 Trunk Cable Carrier

4,131 Several types of trunk cable carrier are available today which
are of the analog (frequency division) type which has béen in
comnon use in the telephone industry for many years. With the advances
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made in solid state circultry this equipment has been improved and is very
reliahble. There have been few new developments in the analog trunk field
in the past five years, therefore, its use should be avoided if practicable.
Short range carrier systems of this type can be used for distances up to 30
miles. Other types have a longer range up to 200 miles.

L.,1132 PCM equipment uses integrated circuits and its cost trends con-
tinue downward., The range of PCM carrier is considered to be

100 miles; each system can provide 2L channels on 2 cable pairs. It en=

compasses many nevw innovations such as self-checking circuits at the termi-

nals, interrogation of line repeaters from the terminals and line repeaters

which require no equalization during installation. These features make PCM

attractive for rural use.

4.1133 The use of PCM carrier in a rural system should also be considered
because the repeatered lines established for its transmission can
be used for handling wideband data. Data channels are aveilable which can
provide 50, 250, 500 kilobit per second data channels over a Tl line. It
is possible to provide combinations of voice and wideband data facilities in
rural areas over two cable.pairs to meet the transmission requirements of
computers, facsimile, and other wideband usage.

4,1134 From a transmission standpoint, carrier is a preferred facility
for long toll comnecting trunks. About 27 miles is the maximum
pPermissible distance for voice frequency trunks recommended by the 1968
Notes on Distance Dialing issued by AT & T. The reason is that the Via
Het Loss Factors assigned to physical circuits impose this distance limi-
tation. Modern carrier is generally economical at much shorter distances.

41135 In the United States trunks on coaxial cables have generally been
restricted to long haul toll usage. However, coaxial cable car-

rier systems have been in widespread use for short haul trunks in Europe.

Interest is now developing in Canada and the United States because
1ts enormous circuit capability will be desirable even in rural exchanges,
if picture-telephone is to be provided. It is recommended that this teche
nique be glven detailed analysis when there are requirements fox more than
a 100 trunks,.

4,1136 It has been feirly common in the past, to design trunk circult
facilities using carrier systems for part of. the route with the

trunks extended for another part of the route with voice frequency exten-
sions of the carrier channels. This was necessary for economic reasons.
8ince the cost of carrier equipment has been greatly reduced and trunk
groups are becoming larger, it is recommended that trunk circuits should
be of one type - either voice frequency or a carrier derived circuit for
the entire route. Furthermore, two or more carrier systems should not
be connected in tandem to form a non-switched toll circuit.
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bollk Subscriber Cable Carrier

4.114) New types of subscriber carrier (station carrier) systems devel-
oped in the 1960's can serve as many as 6 one-party or 24 four-

party subscribers located nearly 50 miles from the central office over
one 19 gaugs cable pair. Station carrier is designed exclusively for
cable facilities. It 18 not intended to be used on open wire plant. Re-
peaters and subscriber terminals for this equipment are powered over a
cable pair from the central office. Regulation is such that the chan-
nel voice frequency loss is independent of length of circuit and the re-
peaters and channel equipment do not require adjustments during instal=
lation or for maintenance. The installation is simple. The subscriber's
terminal is located on a pole, in a housing above ground, buried in the
ground oy installsd in the home.

4,1142 Extensive use has been made of station carrier to provide ad-
ditional circuits on cable facilities which cannot be readily

expanded and thus immediately provide for additional demands for ser-
vice. Since this equipment is easily installed, it can also be easily
removed., Where it is likely to be an asset, for example, when the rural
population is decreasing or where extensive future growth is expected
but the rate at which houses are to be built is uncertain engineers de-
sign telephone systems employing the concept of a minimum of fixed plant
and a maximem of movable plant. The advantage is that the station car-
rier may bs bought in small quantities over & long period of time when
needed and the initial investment normally required for extra pairs in
cable facilities is avoided.

4,1143 Subscriber carrier can be used to provide circuits in one loca-
tion at points distant from the central office from which a dis-

tribution of subscriver circuits is to be made. This avoids the need for
small central offices throughout the area, and all central office equip-
ment is concentrated in a larger office. Almost all types of available
subscriber carrier can be used for this application-station carrier, as
well as the older types of subscriber carrier systems which have been
available for 10 years or more.

4,114l Several types of single channel station carrier systems are aveile
able which can be used on nonloaded cable circuits and retain
the use of the voice frequency circuit. This equipment costs about one-
half the cost of multi channel station carrier and has found widespread
use throughout the telephone industry.

%,1145 A 1971 version of staticn carrier provides a basic unit of up
to 24 chaupels over & Tl type PCM carrier line (2 cable pairs).

This unit is easily expansible to 96 subscribers by combining it with
an electronic switching arrangement. In addition to its obvious use in
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nev housing developments, trailer parks; shopping centers, apartments,
etc., it is expected to replace or be a substitute for emall dial offices
vwhose subscribers could get the most modern telephone services from &
largs remotely located common control switchboard. It has the same renga
a8 T carrier, approximately 100 miles,

LoJAU6 TE & CM Sections 911 and 912 describe station carrier equipment.
4,115 Open Wire Carrier

4,1151 Transistorized open wire carrier of several types and features
is available for both trunk and subscriber plant. It should
not be used where icing, frost buildup, or tree clearing are problems.
Generally it should only be used when all other ecomomic alternatives
have been exhausted.

4,1152 Open wire trunk carrier is still used in certain parts of the

United States. Although solid state open wire carrier is pre-
ferred, it may be necessary to use tube type equipment for compatibility
since some of the equipment has not been updated. It is anticipated that
open wire plant will have decreasing use in the 1970%s, but in rural areas
vwhich are sparsely settled and include many miles of trunk route from the
unattended central office to the toll center, there still may be a need
for open wire carrier equipmsnt,

4,1153 Open wire subscriber carrier is also still being used to a limited
extent in sparsely settled areas of the country. It is designed

for both multiparty use or for individual subscriber service. It should
not be used unless other methods are clearly uneconomical. The physical
facility is often joint use with an electric distribution line. There
are exchanges in operation with open wire subsc.iber carrier that bave 100-
mile long subscriber loops. Using this equipment, rural telephony has
been extended into areas where, at the time, it wes not possible to pro-
vide telephone service by any other means - from an economic as well as a
transmission standpoint. Up to 12 channels plus retention of the physical
circult is possible with this carrier. REA TE & CM=290, "Expansion of
Exleting Facilities With Trunk and Subscriber Carrier Systems" and =910,
“Subscriber Carrier Equipment" describes open wire carrier application.

L,1154 Where open wire carrier systems are used as e means of supplement-
ing physical plant, special attention should be given to proper

transposition systems, type of conductor, joint use exposure, etc., to ine
sure maximum performance. The REA-1 transposition system, for example,
meakes it possible for a large number of carrier channels to be utilized
akong a given route eithar in initial or future application. Less desir-
able transposition system designs can severely limit the number of carrier
channels permissible along a route.
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4.12 Voice Frequsncy Repeaters

L.121 Voice frequency repeaters should be used on medium length (10-20
mile) toll and EAS physical trunks to offset transmission losses.

4,122 In many instances the application of voice frequency repeaters
or sultable loaded cable facllities may permit considerable save
ings in the cost of the physical circuits by allowing the cable conduce
tors to be of & smaller gauge. Repeaters of this type will prove to
be a practicel way to attain recommended transmission levels on exist=
ing trunks.

4,123 Negative resistance voice frequency repeaters are reasonable in
initial cost, are small in size, with D=-66 loading they can be
used at either or both end offices of a trunk circuit and/or at an inter=
mediate location. They are transistorized and equipped to operate from
L8-volt central office battery with low current drain. They have built-
in impedance matching features for easy adjustments.

4L.124 Negative resistance voice frequency repeaters are used for sub-
scriber loop applications to extend loaded 19 gauge cable loops
to almost 50 miles and also to utilize finer gauge cable conductors at
shorter distnaces. Pole or pedestal mounting for field units have proven
practical during the past five years.

4,13 Common Mode Operation (CMO)

4,131 A technique for sharing voice frequency repeaters and long line
adapters within the central office equipment switching systems
similar to the Bell System's Unigauge switching system developed for #5
crossbar and electronic switchboards has significantly reduced the cost
of providing service in step-by-step effices. REA's "common mode” oper=-
ation allows a group of long lines to share use of a reduced number of
long line adapters and voice frequency repeaters, as the intra-o0ffice
trunks are shared.

4,132 The arrangement dedicates one or more linefinder groups and cone-
nector groups to the exclusive use of long subscriber looOps.

Adapters and repeaters are placed between the linefinders and first selec-
tors of the dedicated linefinder group. Elevated d.c. voltages are used
to increase the loop range. Repeaters are also used in conjunction with
the dedicated central office connectors. In this manner, the number of
long line adapters and voice frequency repeaters required is reduced to
less than one third of the individual line requirements.

4,133 CMD 1s most useful and economical where there are 20 or more long
subscriber lines to make a step-by-step group for sharing the long
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line equipment, The arrangement can be used with new central offices or
with existing equipment. In common control offices the breakeven point
is greater tiwmu 20 lines but less than 100.

Lol3hk TE & CM 429, "Design of Subscriber Loop Plant Common Mode Oper-
ation,” and TE & CM 331, "The Application of Common Mode Operation
to Central Office Equipment," discuss details of the method.

hollh Microvave

L1kl Point-to-point radio (microwave) 1s used to provide trunks be-
tween central offices (1) in areas of mountainous terrain, (2)
over watery or wooded areas which would cause excessive conventional costs,
(3) vhere physical trunks would be inaccessible for maintenance, (4) vhere
an unusually large number of trunks are needed, (5) areas which experience
severe wind and ice conditions and buried plant is not practical, and (6)
in other situations vhere it can be shown to be advantageous.

b.142 Microwave equipment can provide a transmission path for an almost
unlimited number (600 or more per RF frequency) of voice frequency
trunks. Special services including wide band date,picture telephone and
television can also be transmitted over microwave systems. FCC authorie
zations must be obtained for comstruction and operation of all radio facili-
tieas.,

4,143 Trends in microwave terminals are towards (1) solid states devices,
(2) increasing RF power oubput of solid state transmitters, and
(3) carrying larger number of voice channels, The combined effect has
caused approximately & 40 to 1 reduction in equipment size, per voice chan-
nel, in the last 15 years.

kollh Solid state equipment has (1) made econamfcal,batteries sized for
24 hours of reserve, (2) reduced the needs for motor generators
and (3) made cabinet housing practical, where buildings were previously
required.

4,145 In the 60°'s, passive (billboard) repeaters began replacing active
repeaters which have & minimum of two transmitters and two receiv-
ers. Where required, & nevw lower cost active repesater 1s availsble in
the 2GHz band whose operation is similar to a carrier frequency frogging
repeater.

L.,1k6 FREA TE & CM 930, "Use of Point-to-Point Radio in Telephony," dis-
cusses various features and applicaetions of microwave radio equip-
ment. REA TE & CM 931, "Microwave Propagation and Path Surveys,” discusses
technical information used to design a suiteble radio path between micro-
wave stations, REA TE & CM 932, "Microwave System Preparation Guide for
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FCC and FAA Requirements,” discusses contents of FCC and FAA forms. It
also includes information about frequency selection and radio interfer-
ence considerations. REA TE & CM 933 "Application Guide for Point-to-
Point Microwave Radio System Specifications, REA Form 397d," discusses
in detail the many considerations essential to planning a trunking fa-
cility using carrier multiplex derived circuits over micro-wave radio.

h.15 Mobile Radio

4,151 Radiotelephone equipment is available for manual end dial service
to mobile subscribers and subscribers at fixed locations. The
manual type requires an operator to make the connection between the radio-
telephone system and the wire line system. The operator must dial the
called party after receiving oral instructions from the calling party.
The dial type operates through unattended dial central offices. Mobile
radio is also useful in the operation and maintenance of telephone sys-
tem facilities. This service may be provided telephone system vehicles
on a secondary basis along with mobile subscribers, or it may be pro-

vided using a separate system strictly as an operations and maintenance
tool.

4,152 TE & CM 945 "IMIS - Improved Mobile Telephone System, " describes
the operation and application of dial radio telephone equipment.
Mobile radio in telephone system vehicles is an excellent tool in the
operation and maintenance of telephone system facilities, Refer also to
TOM 1092 "Getting the Most Out of Your Two Way Radio," for more inform-
ation.

4,153 Subscriber radio link equipment is available for serving subscri-

bers at fixed residences. It consists of a central office termi -
nal and a subscriber terminal to form a radio "loop" dedicated to serving
one to four subscribers.

4,154 FCC authorization must be obtained to construct and operate a
radio facility. REA Bulletin 385-1, "Preloan Procedures and
Requirements for Two-Way Radio Telephone Equipment for Operation and
Maintenance of Telephone Systems and Subscriber Service," contain ad-
ditional information. (See also TE & CM 940, "Use of Mobile and Fixed
Radio 's‘elephone for Subscriber Service and for Operation and Mainten-
a.nce."

4,16 Analysis of Types of Station Equipment
4,161 A study of the demand for various types of subscriber equipment
must be made by the enginzer showlng the number of wall, desk,

decorator, and key stations, paystations, data sets, pushbutton sets,
etc., in oxrder to properly prepare the cost estimate needed for the ACD.
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L.162 Since the Carterfone decision in 1968, telephone companies can no

longer prohibit the connection of subscriber owned equipment to
common carrier telephone lines. Because of this » the probable quantity
and types of subscriber owned equipment should be estimated during the ares
coverage survey. To an extent, the telephone systems' tariff will affect
the percentage of stations, key systems, data sets, etc., that are sub-
scriber owned. Outside plant and central office facilities will generally
be required for the full number of such installations.

4,163 Within some systems, there will be a desire for centrex, computer
access, facsimile, private branch exchanges and private automatic
branch exchange, two line telephones, farm or home intercom systems, key
telephone systems, automatic answering devices, hands free instruments,
and other special equipment and services. The engineer must include such
facilities as required by the ACS,

4.17 Design and Construction of Buildings

4,1TL There are several types of buildings suitable for housing unate-

tended dial switching equipment. The englneer should make cer-

tain that the size of the proposed structure is sufficient for equipment

required to serve the system for 10 or more years in the future. Among

items to consider, in addition to switching equipment, are future elec-

tronic equipment requirements, connecting facilities s Tuture common con-
trol, or equipment pertaining to new subscriber services.

4,172 The choice of a proper buillding in a particular situation involves:
(a) type of construction which will result in appearances improving

or in keeping with other buildings in the particular location, (b)-compari-
son of annual costs, including insurance costs on the building and equip-
ment for the various types of structures adequate for the area: Example:
A masonry building may have higher costs of construction than a van type
metel building, furnished with a dial central office but the difference
between fire insurance rates for the two types when applied to the builde
ings and their contents in the particular ares may make the annual costs
of the masonry building and contents much lower,

L.173 REA standard wasonry bui.iding specifications include most essential

features , including heating and interlor imsulstion. Air condition-
ing is frequently specified. Electric and chemical toilets are available
that can be installed without water and sewage disposal systems.

4,174 The conditions under which headquarters buildings will be considered
in @ loan are outlined in REA Bulletin 320-5.

4,175 For extensive remodeling of existing buildings, it is necessary
that a qualified architect examine the structure and submit a
report concerning the extent and estimated cost of the remodeling.
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