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The medium-haul application of TH-3 was developed lo provide an
economically altractive system of moderate length and cross section without
seriously compromising performance. To achieve high-qualily transmission
the radio transmitier-receiver bays and FM terminals common to the long-
haul plant were used. Supporting equipment was both designed and adapted
specifically for the medium-haul application in order to keep overall costs
to @ minimum.

I. INTRODUCTION

This paper discusses a radio system which has been made available
to the Associated Bell System Companies to help meet their demands
for high-performance transmission capability. It is made up of the
TH-3 IF heterodyne radio bay and 4A FM terminals along with a
number of supporting features. This system was formulated to be a
flexible package that may be customized to specific transmission needs
within the Bell System. Flexibility results from the optional use of a
frequency-diplexed auxiliary channel, a one-by-one baseband protec-
tion switching system, a single transmitting/receiving antenna, and the
use of shelters to house the equipment. These features collectively
distinguish the medium-haul coneept from that which is typically
called long or short haul.

In spite of the difficulty establishing a model for the medium-haul
system, since the anticipated applications are so varied, a 1000-mile,
1800-circuit system model (38 hops with 4 baseband switching sec-
tions) has been selected. This choice represents a reasonable com-
promise between the 4000-mile long-haul model and the 250-mile
short-haul model and will be used to deseribe noise and reliability
performance. This system will meet the two-way reliability objective
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of 0.02 percent and, depending on how the options are exercised, has
a noise performance falling within the range from 35.5 to 36.0 dBrnc0.
Extrapolation of performance data to other arrangements is relatively
straightforward.

II. SYSTEM DESCRIPTION

The development of an overall radio system suitable for medium-
length and medium-cross-section applications has resulted in the use
of some existing subsystems, the adaptation of others, and some
completely new designs. At the heart of the radio system are the TH-3
transmitter-receiver bays® and the 4A FM terminals.® These are used
essentially as originally designed, while the power plant and the
buildings are existing designs which require some adaptation for this
application. Such items as the 300A protection switching system,?®
the E2 status reporting and alarm system for medium haul,* and
the frequency-diplexed auxiliary channel® involved fundamental design
work most of which was stimulated by the medium-haul applieation.

Figure 1 shows in a simplified manner the essentials of a medium-
haul TH-3 system. Main stations, which are the switching section end
links, are characterized by the presence of baseband signals. The
300A protection switching system shown in Fig. 1 may be at a main
station or it may be physically isolated from the main station by as
much as eight miles via wire line entrance links. If the system in-
cludes more than one tandem switching section, a back-to-back pair
of main stations exists at the junction of the switching sections.
Repeaters are characterized by the fact that the through signal does
not go through an FM remodulation process; therefore, with the
exception of the auxiliary channel signal, only RF and IF signals
are present at repeaters.

The following paragraphs briefly cover some of the salient features
of the blocks shown in Fig. 1.

2.1 Basic Transmission Equipment

This equipment includes the entrance links, FM terminals, and
TH-3 transmitter-receiver bays. Standard 3A wire line entrance link
gain and equalization equipment and 4A FM terminals are used with
medium-haul systems. As with the entrance links and FM terminals,
the TH-3 transmitter-receiver bay is identical for both long- and
medium-haul applications.
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2.2 Baseband Protection Swilch

A new solid state protection switching system, designated 3004,
has been developed to provide a one-for-one baseband switch for the
protection of message service. Protection is provided by modulating
simultaneously the two radio channels at the transmitting end of the
switching section. All switching is done at the receiving end where
the channel monitors, automatic logic, and controls are located. The
comparatively high signal handling capacity of the switch and its
low loss permit the entrance links and FM terminals to be included
within the switching section.

2.3 Auxiliary Circuit Facility

The frequency-diplexed auxiliary channel is an inband (over the
radio) transmission facility with access at each radio station. It
operates above the normal 1800-circuit payload signal in a narrow
band centered at 11.38 MHz. The basic auxiliary channel arrange-
ment has available three voice-frequency ecircuits. Two of these
would normally be used to carry order wire and alarm information,
the third being available for other uses. With additional multiplex,
up to 48 circuits for trunking may be provided. These “backhaul”
circuits are intended to provide trunking facilities from a relatively
remote location, near a repeater station, to a point where they would
have access to the Bell System network. When 4A FM terminals
are used, the auxiliary channel will have a noise performance roughly
equal to that of short-haul radio (35 dBrne0 for 10 hops).

Access to the auxiliary channel is straightforward at terminal sta-
tions since the baseband signal is present. At repeater stations a 4A
FM receiver is bridged onto the IF signal path. The FM receiver out-
put then provides a signal which may be utilized without any inter-
ference to the 1800 circuits in the through path. To modulate addi-
tional 11.38-MHz information onto the system a microwave -FM
modulator is placed in tandem with the microwave generator signal
(local oscillator) driving the repeater transmitter modulator. By this
means, access to the radio channel is available at each repeater
station.

Since the auxiliary channel carries alarm information, it is impor-
tant that transmission be highly reliable. For this reason, the auxiliary
channel has its own protection switching system. The signal is fed
over two RF channels; at each station along the route, the better
performing RF channel is selected.
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2.4 F2 Status Reporting and Control System

At the time the medium-haul coneept was being established, an
examination of existing alarm reporting systems showed them either
to have capacity for too few alarms, indications, and orders, or to be
physically too large and expensive for medium-haul purposes. In
addition, the de voltages associated with the power required for these
systems was often not readily available at medium-haul installations.

One of the systems considered was the recently developed E1 status
reporting and control system. This is a solid state digital system which
includes data transmission facilities for use on a standard voice chan-
nel. Although in its existing embodiment it was large and costly for
the medium-haul purpose, it had been designed using a modular
approach. Stimulated by the medium-haul need, a modified version of
the E1 system (called E2) was developed. This revised version elimi-
nated the large cross-connect field that previously occupied one-third
of the bay, and broke down the groups of alarms, indications, and
orders into smaller packages.

The medium-haul needs involve approximately 12 orders and 90
combined alarms and indications at each station. The final remote
E2 package handles this capacity with room for limited growth; i.e.,
a total of 32 orders and 128 combined alarms and indications. Capacity
to grow to 256 alarms and indications exists by adding a small amount
of hardware. A central E2 station for use with medium haul can con-
trol up to 64 remote stations. Each of these remote stations is “polled”
by the central station for the status of its alarms.

The E2 package allows medium-haul systems to take advantage
of the latest in designs and technology without incurring the large
expensge associated with status reporting and control systems tailored
to larger needs.

2.5 Portable Test Equipment

Radio stations housing medium-haul TH-3 systems will frequently
have as few as four transmitter-receiver bays along with a limited
number of bays of supporting equipment. This is a small fraction of
of the total amount of equipment located in a typieal long-haul
radio station. To minimize the cost of test equipment for medium-haul
routes, use of portable test equipment is recommended. This test
equipment is composed primarily of commercially available test gear
housed in lightweight suitcases which ean be easily transported. It
may be stored at a central location, such as a maintenance station
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or alarm control ecenter, from which it can be taken to any station
that requires testing. Use of a limited number of sets of the equip-
ment, depending on the length of the system, can drastically reduce
the investment in test equipment compared to maintaining complete
fixed test equipment at each radio station. Such a procedure is per-
missible because of the long test intervals that are expected to apply
to both the TH-3 equipment and the supporting gear.

A feature of the TH-3 transmitter-receiver that helps make the
portable concept attractive is the ability to replace any component in
the bay without requiring immediate alignment with test equipment.
This practice, when applied on a limited basis, will result in such
slight impairment to system performance that precise alignment can
be postponed until convenient.

The photograph in Fig. 2 shows a cart that permits stacking of the
test equipment during maintenance. The test gear shown in the photo-
graph is capable of maintaining the TH-3 radio bays with virtually
the same accuracy attainable with test equipment dedicated to a
station. Several additional commonly available test sets are used in
conjunction with the maintenance of the auxiliary channel, order wire,
alarm, and power equipment.

2.6 Equipment Shelters

An equipment shelter concept developed for short-haul radio may be
used for medium-haul TH-3. This concept provides for factory
installed and tested radio equipment with a minimum of field instal-
lation. Aluminum “truck body” type structures are available to house
the radio equipment. Several different lengths are available depend-
ing on anticipated growth. For a radio system of this type where a
limited amount of equipment is installed with a minimum of special
modifications, this type of shelter provides a very economical building.
A bay pivoting arrangement was developed to permit mounting the
equipment against the shelter wall and still allow maintenance from
both sides of the bay.

2.7 Power

The main source of power at medium-haul stations is a —24-volt
battery reserve plant. Small amounts of power at +24 volts are
indirectly supplied from the —24-volt plant by voltage converters.
The current drain at a typical repeater station is 65 amperes, with
a recommended battery reserve of about 33 hours. The 111A power
plant specified for this system permits two alternatives: either a
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Fig. 2—Portable test equipment on cart.
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rectifier which operates from three-phase primary power or a newly
developed 100-ampere single-phase rectifier. The single-phase rectifier
is necessary since some of the radio stations will be remotely located
from three-phase lines.

2.8 Environmental Limils

To reduce building costs for medium-haul systems, the equipment
shelters (or small buildings for that matter) may not be air con-
ditioned, but fans and heaters might be required depending on local
climatic conditions. An environmental temperature range of 40°F to
120°F was established for medium-haul systems, a range which can
be maintained without air conditioning in most areas. This will reduce
building costs. Performance of the equipment has been established to
be satisfactory over this range.

IITI. BASEBAND MODULATING SPECTRUM

3.1 Gleneral

TH-3 medium-haul systems provide a usable baseband of up to
10 MHz capable of carrying 1800 message circuits or other broadband
services. With the auxiliary channel and 300A protection switching
system continuity pilot, the baseband spectrum of medium-haul
systems contains signals having frequencies higher than the 1800-
circuit message payload. The frequency deviation of medium-haul
systems is therefore reduced compared to that of long-haul systems
so that the necessary bandwidth® of the RF signal will not exceed
the 30-MHz authorized bandwidth as specified by the FCC.

3.2 Baseband Spectrum

The composite broadband baseband signal that is applied to the
FM transmitter is shown in Fig. 3. Power levels of the components
are also shown. Part of the baseband spectrum is the 1800-message
circuit load that is identical to that of the long-haul application
except for its reduced total power. A continuity pilot which is used by
the 300A protection switching system appears at 11.88 MHz. The
auxiliary channel, consisting of a double sideband AM signal, occupies
the frequency band from 11.09 MHz to 11.67 MHz with the auxiliary
channel subearrier at 11.38 MHz.

* Necessary bandwidth (BW) as defined by FCC Rules: BW = 2X (highest
baseband modulating frequency) + 2X(peak frequency deviation).
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Fig. 3—Composite baseband spectrum at FM transmitter input.

3.3 Frequency Deviation

Immediately preceding the FM transmitter, the auxiliary channel
signal is combined with the other baseband signals through a resistive
combining network as shown in Fig. 4. Because the total power of the
1800-message circuit load is significantly greater than the power of
the auxiliary channel signal or of the continuity pilot, the system’s
total frequency deviation is essentially controlled by the power in the
1800-circuit load. The —23.0 dBm power of the 1800-circuit load at
the input side of the combining network is identical to the total base-
band power delivered to the FM transmitter for long-haul applica-
tions.® The insertion loss of this network reduces the frequency
deviation of the 1800-circuit load by 1.6 dB.

Based on the levels in Fig. 4 the rms frequency deviation of the

I'MS POWER OF AUXILIARY
CHANNEL = -35,2dBm
I'MS POWER OF 11.88 MHZ
PILOT TONE =-44.3dBm

1800 ) PMS POWER OF MESSAGE
MESSAGE FIRCUIT LOAD=~24.6 dAM
CIRCUITS COMBINING /
T'MS POWER= NE TWORK / Eu TH-3
-23.
Sedhmo = 4 TRANS - RADIO
11.88 MHZ MITTER [} TRANS-
PILOT TONE 1 MITTER i
TMS POWER= |\ |
-42.7 dBm %—-—-—-—-— \___Y___//
- rbi?l_"l"';;% 695 KHZ PMS DEVIATION
CANMEL 3.10MHZ PEAK DEVIATION
SIGNAL

Fig. 4—Signal combining network and power levels.
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various components of the baseband signal may be calculated. These
are shown in Table I. The component deviations are then added on
a root-mean-square basis resulting in a total rms frequency deviation
of 695 kHz for the composite medium-haul signal.

Broadband message signals such as eonsidered here have their peak
frequency deviation related to the rms frequency deviation by a
13-dB peak-to-rms power factor.* This results in a 3.10-MHz peak
frequency deviation for the composite medium-haul signal. Applica-
tion of the definition for necessary bandwidth yields:

BW = 2(3.10 MHz) + 2(11.88 MHz) = 30 MHz.

TaBLE [—CoMmpPONENT DEVIATIONS

1800-message circuit average busy hour rms deviation 663 k=
11.88-MHz pilot tone rms deviation 69 kHz
11.38-MHz auxiliary channel rms deviation (carrier and

sidebands) 196 kHz
TOTAL RMS DEVIATION 695 kHz

IV. ANTENNA AND FREQUENCY CONSIDERATIONS

Since route economy is a major consideration with the TH-3
medium-haul application, the use of a single antenna for transmitting
to and receiving from a given direction is recommended. The horn
reflector antenna is preferred because of its high gain and directivity
but direct feed dual polarization parabolic radiators may also be used.
New routes will generally use the single antenna approach since con-
siderable cost savings result from simplified tower, waveguide, and
building arrangements.

TH-3 medium-haul systems may also be added to established
4-GHz long-haul routes where existing buildings, towers, and antennas
are available, in which case separate transmitting and receiving
antennas would be used.

4.1 Single-Antenna Frequency Plan

The channel frequencies available for medium-haul systems are
identical to those available for long-haul systems; that is, either a
regular or staggered frequency plan may be used.® Having a choice

* A 13-dB peak factor is specified in the FCC Rules and Regulations for cal-
culating necessary bandwidth.



MEDIUM-HAUL APPLICATION 2281

of two frequency plans is important to medium-haul applications
since, with only the regular plan available, interference might result
between the TH-3 system and existing short-haul 6-GHz systems
which use the staggered plan. The regular and staggered frequency
plans allow a degree of flexibility when planning and designing new
medium-haul routes.

Figure 5 shows channel assignments and antenna arrangements of
a typical two-hop installation. The transmitters and receivers of a
single radio bay are separated in frequency by the standard 252 MHz.
This separation minimizes the possibility of the high-level trans-
mitter signal interfering with the low-level receiver signal. Additional
coupling loss between transmitters and receivers is achieved by trans-
mitting and receiving on opposite polarities. In Fig. 5 only two fre-
quencies are used for each two-way radio channel which will allow
maximum utilization of the available 6-GHz spectrum.

4.2 Interferences With Single Antennas

With separate transmitting and receiving antennas, intrasystem
interference that might be produced by the transmitted signal leaking
into the receiving antenna facing the same direction is limited by the
antenna’s side-to-side coupling loss (typically 90 dB to 100 dB).
Single antenna operation does not provide the high coupling loss of
dual antennas; therefore, certain transmitter-receiver channel combi-
nations may result in near-end intrasystem interference. For this rea-
son, additional RF selectivity is available when single antenna opera-
tion is chosen.

4.2.1 Tone Inlerferences

The interferences that are attributed specifically to single antenna
operation are related to the use of a 70-MHz IF. These are single-
frequency (tone) interferences occurring at 4.13 MHz or 6.6 MHz
in the baseband, depending on the channel combinations as discussed
in Ref. 6.

4.2.2 Additional Selectivity

Additional selectivity, in the form of a nine-inch band-rejection
filter located in the indoor waveguide runs (external to the bays),
is specified to eliminate the interferences discussed above. The selec-
tivity of these filters is such that system tone objectives will be
satisfied.® Use of these filters will introduce a minimal amount of
delay slope into some channels but the standard mopup equalization



THE BELL SYSTEM TECHNICAL JOURNAL, SEPTEMBER 1971

2282

“ma)sAs mey-wnipaw doy-om} [8o1d4) B I0J SUOII9UUOD PUE S[PUUBYD JY—C "I

is2 iz
NYHD = NYHD
DLNHL OLNHL

181 il
NYHD | N¥HD
DAJY OADH

NOILVYLS NIVW

ZHING2¥9 ZHINSZ6S
Iz ZHN ZHN ZHIN _
_ a¥0r9 2'9829 82519 2'v€09 ,_
el [ [ Joe] [ [ ] [l [ ] Pl [ ] ]!
182 181
NYHD [ NYHD
OADH | OLANYL
| I
1wz 1tl
NYHD | NYHD
- OADY | OLWHL
o
18l 182
NYHD | NVHD L7l 181
—)ZI4¥oH ZIHOH oi1muL | 9ADY ZI40H ZIHOH ] _wwuw = NYHD
9ADH
Y371 y3zZ| T I Y3z ¥3ZI
-4v10d -¥v10d ~Hv10d Hv10d
] I 1t 1vZ I I 1¥2 182
1H3A LH3A | NYHD | NYHD T, Loan | ot [ et
oiwatl| 9AdH A | OLwHEL | | 91wl
NOILYLS Y31v3d3H
MOT—OL—HOIH NOILVLS NIVA
—T— —T
- T L



MEDIUM-HAUL APPLICATION 2283

procedures remove this distortion. The reduction of interference level
that is provided by the 4A FM transmitter’s carrier-spreading circuit
is not assumed in the selectivity requirements.? Routes using the 4A
FMT will have additional margin from these interferences.

V. PERFORMANCE

The noise performance of a medium-haul TH-3 system is primarily
determined by the noise performance of the FM terminals and the
transmitter-receiver bays. Since these same items essentially determine
the noise performance of long-haul radio routes, it is not surprising
that the noise performance of medium-haul systems is approximately
equal to long-haul systems scaled to the same length. Some of the
features unique to medium haul, such as the auxiliary channel,
reduced frequency deviation, and extended temperature limits, do have
a small modifying effect on the overall system noise performance.

5.1 Effect of Auxiliary Channel

Since the auxiliary channel and broadband payload signals are
jointly earried over these facilities, some intermodulation effects may
oceur. The message circuit showing the largest effect due to this noise
is the top payload cireuit. The noise in that cireuit increases about
0.2 dB when the auxiliary channel signal is applied to a ten-hop
system.

5.2 Effect of Reduced Frequency Deviation

The rms frequency deviation of the 1800-circuit load is reduced by
1.6 dB in order to satisfy FCC rules. To compensate for the lower
signal level at the FM receiver output, the gain of the receiving wire
line entrance link is inereased by a corresponding amount. The re-
duced deviation results in a slight decrease in intermodulation noise
and a small increase in idle noise. Field measurements indicate an
increase in total noise of less than 1 dB with the reduced frequency
deviation.

5.3 Kffect of Ixtended Tem peratures

The system noise performance is affected very little over the
temperature range 40°F to 120°F. A small increase in system noise
due to reduced transmitter power oceurs at the high temperature
extreme. At temperatures above 100°F, the reduced efficiency of the
microwave circuits results in a small reduction of transmitter output
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power. The corresponding system noise is expected to degrade less
than 1 dB, even when the overall route is exposed to these high
temperatures. No significant changes in system performance occur
at the low temperature extreme. Since the effects of these extended
temperatures are slight, no special concern is required in engineering
systems. The advantages of reduced building costs far outweigh the
effects of the extended environmental range.

VI. APPLICATIONS OF MEDIUM-HAUL TH-3

6.1 Morgan City-New Orleans System

The first medium-haul application of TH-3 radio consisted of three
hops installed by South Central Bell Telephone Company between
Morgan City and New Orleans, Louisiana. The route layout and fre-
quency plan are shown in Fig. 6. This system largely fulfills the
description of the medium-haul application as covered in this article.

Existing VF landlines were readily available for carrying order
wire and alarm signals. Therefore the frequency-diplexed auxiliary
channel was not used. Single horn reflector antennas were installed
at all stations.

At the Thibodaux repeater, potential interferences with other nearby
routes did not allow a 252-MHz frequency shift for the through
channels. Main station radio bays, each having independent transmit
and receive frequencies, were installed to permit an appropriate shift
of the RF frequencies.

Since the Morgan City-New Orleans route was the first medium-
haul installation, particular attention was given to installation prob-
lems and overall system tests. No serious problems were encountered.

6.2 Great Falls—Shelby System
The second medium-haul TH-3 system was established by the
Mountain Telephone Company on a route between Great Falls and
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Fig. 6—Morgan City-New Orleans medium-haul installation.
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Shelby, Montana. This system parallels an existing TJ microwave
radio route, allowing the use of existing buildings, towers, and an-
tennas. Figure 7 shows the variety of antenna systems employed.
Careful choice of RF frequencies allowed the use of these existing
facilities without creating any intrasystem interference problems.

This route also served as the first installation of the frequency-
diplexed auxiliary channel. Details of the auxiliary channel perform-
ance are covered elsewhere in this issue.”
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Fig. 7—Great Falls-Shelby Junction medium-haul installation.
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