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REPLY COMMENTS OF PACTEL PAGING

PacTel Paging ("PacTel"), by its attorneys, hereby

submits Reply Comments with respect to its above-referenced

request for a Pioneer's Preference ("Request") 1 in the licensing

of Ground-Air Paging Services ("GAP"). The following is

respectfully shown:

I. INTRODUCTION

1. A wealth of comments have been filed in this

proceeding by a broad cross-section of commenters. 2 Each

considered this proceeding, into which the various petitions for

On June 1, 1992, Pactel filed a Supplement to its original
Request adding information regarding additional testing being
performed by PacTel. PacTel's supplemental pleading has been
placed on Public Notice, DA 92-712 (Issued June 4, 1992).

2 The commenting parties include major equipment manufacturers,
engineering firms, local, regional and. n.. a.t.ional pa.ging

Jcompanies , private carriers and radio co~!t.f~\5if~~. {.,.) ..l /
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rulemaking and requests for pioneer's preferences for Advanced

Messaging Service ("AMS") have been consolidated, to be

sUfficiently important to merit their active participation. Of

these, only two chose to oppose the request of PacTel for a

pioneer's preference with respect to the GAP service. 3

2. In separate sections below, PacTel sets forth the

basis of its disagreement with the principal arguments that have

been made by the Gap Opponents.

II. GAP SERVICES CANNOT BE ACCOMMODATED ON
EXISTING ONE-WAY MESSAGING CHANNELS

3. The GAP Commenters argue that GAP services either

are being, or can with little effort be, offered on current

terrestrially oriented one-way paging networks. PacTel disagrees

for several reasons. First, and foremost, PacTel's submissions

make clear that the GAP service will be launched using the

Advanced Architecture Paging ("AAP") platform that the company

has pioneered. AAP is like a wireline T-l service which is

offered on a one-way basis over the airwaves. This high-speed,

unformatted, over-the-air, bitstream conduit will support a whole

host of advanced services (e.g. E-mail, facsimile, digitized

voice) not available on current paging channels. These advanced

services are not generally available to terrestrial customers,

let alone to air travellers.

3 The parties commenting against PacTel are Paging Network, Inc.
and PageMart, Inc. Collectively, they are referred to herein
as the "GAP Commenters".
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4. Moreover, PacTel's market research indicates that

even traditional paging services are not being reliably delivered

to persons aboard aircraft today. Prior to proposing GAP, PacTel

conducted tests in which it sought to reach persons known to be

on board aircraft utilizing existing regional and nationwide

paging networks. In one instance, test pages were sent at five

minute intervals during a scheduled flight from Dallas Texas to

Washington D. C. over a nationwide paging channel which is

heavily developed for terrestrial use throughout this corridor.

Pages were received when the aircraft was taking off and landing,

but not during the bulk of the flight when the aircraft was at

cruising altitude. This, and other PacTel analyses have caused

PacTel to conclude that there simply is no commercially

acceptable GAP service in this country.

5. In view of the paging channel allocation scheme,

this comes as no surprise. As PacTel noted in its Request, GAP

is inherently a nationwide service. Yet, the bulk of existing

paging channels are not assigned to a single carrier for

nationwide use. Rather a patchwork of assignments to different

carriers in various locales has been made. This "crazy quilt" of

assignments renders these channels all but useless to create an

efficient GAP service. 4

4 Additionally, PacTel has noted that GAP service must be more
robust than existing services to succeed.
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6. There are, of course, three nationwide common

carrier paging channels. s However, PacTel firmly believes that,

as the demand for paging services continues to grow, the existing

nationwide allocations will be fully utilized providing the

terrestrially-based service those systems have been configured to

deliver. Notably, none of the licensees of these channels have

opposed GAP.

7. Finally, as was demonstrated in the PacTel

Request, and as is more fully developed in section III below,

there are unique engineering considerations that govern the GAP

service. The reliable provision of GAP services require a

different system architecture than traditional one-way messaging

systems. This is particularly true in coastal areas where

airborne receivers could be illuminated by Navy radar operations

in the 930-931 Mhz band. The PacTel Request specifically

discusses engineering and operational techniques that would be

implemented to assure a commercially viable service in this

shared band.

III. GAP SERVICE IS TRULY INNOVATIVE

8. The GAP Commenters suggest that the provision of

GAP service does not represent a technological innovation

meriting a preference. PacTel's answer is twofold. First, there

S Although several carriers have received private carrier
channels in a nationwide basis, those channels do not have
exclusivity. A nationwide system would have great difficulty
sharing with a local system, and the problems would be
compounded if GAP services were offered.
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are indeed unique technical problems associated with the

provision of GAP that will be overcome. Second, the preference

rules are crafted by the Commission to reward a variety of

different kinds of innovation.

9. PacTel understood the need for a special system

architecture when it proposed GAP and, at the time, commissioned

an engineering study by Dr. Charles Jackson of the National

Economic Research Associates, Inc. (IINERAII) to study the

engineering challenges presented by such different system

architecture. A copy of that study, encaptioned "Interference

Considerations in the Design of A Ground-to-Air Paging System,1I

is attached to this Reply as Attachment 1 (IIStudyll). In the

study, Dr. Jackson concludes that there are significant

engineering hurdles to overcome in designing a GAP system because

of the line of sight nature of GAP transmissions. These include

potential interference problems at the edges of a transmitters

coverage area -- the simulcast overlap area. To resolve these

problems, PacTel has, in conjunction with testing for Advanced

Architecture Paging ("AAPII), 6 studied different coding and

modulation schema and the simulcast phenomenon. Based upon the

6 PacTel has also filed a Petition for Rulemaking and Request
for Pioneer's Preference for Advanced Architecture Paging
(IIAApII) .
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progress that has been made, PacTel is prepared to implement GAP

services nationwide. 7

10. As to the question of innovation, the preference

rules credit those who develop new services, and develop enhanced

functionality for existing services, as well as those who provide

purely technological advances. Here, PacTel is proposing a whole

new class of service. And, as is indicated in PacTel's filings,

the company proposes to offer its GAP service using the AAP

platform that will accommodate not just traditional paging

messages, but also electronic mail, facsimile services and the

whole host of other advanced services that AAP's unformatted bit

stream conduit will support. As such, PacTel's GAP proposal

meets the preference criteria.

IV. THERE IS SIGNIFICANT DEMAND FOR GAP SERVICES

11. contrary to the claims of the GAP commenters8
,

there is significant demand for GAP services as shown by the

demand study commissioned by PacTel and conducted under the

direction of Clifford Bean and Barry Goodstadt of Arthur D.

7

8

PacTel would support a rUling with respect to any and all 930
931 Mhz preference grants, that licensees be required to
implement their proposals without substantial modification of
the core elements of the proposal.

It is not surprising that current one-way operators do not see
a demand for ground-air paging because current terrestrially
oriented paging systems do not provide the full range of GAP
services which business travellers perceive as having
significant value.

De01 0026976.01 6



Little ("Demand Study"). 9 The Demand study has several

significant conclusions. First, the Demand study concludes that

there is ample demand for GAP services. The Demand study finds

that the demand for GAP services ranges, based upon price, from

275,000 to 670,000 subscribers in the 1995-1997 time frame.

Second, the Demand Study concludes that GAP services are likely

to stimulate usage of existing ground-air telephones. lO As

described in the Demand study, GAP services are more than

conventional one-way paging. 11 PacTel has proposed that GAP

services are really AAP services provided to subscribers located

9

10

11

The Demand Study was filed with the Commission on March 12,
1992.

There have been significant changes in the air-ground
telephone network since PacTel filed its original Petition in
August 1990 -- some provides have publicized that they will
offer inward dialing to airborne units. These changes,
however, have not changed the basic premise of GAP that the
cost of such services will still be prohibitive for most
business travellers. PacTel believes that GAP will provide
the same alternative to airborne phone users as they do for
cellular phone users -- the ability to screen calls and only
return ones that need to be returned. Indeed, a large portion
of cellular users carry pagers, and PacTel expects the same
result for GAP services. In addition, GAP will allow a user
to have only one telephone number for delivery of all its
messaging needs - not two as would be required to message
airborne telephone users using ground-air radiotelephones -
one to deliver messages while in the air, and one for
terrestrial services.

In its demand study, PacTel described GAP services as "a
flight messaging service . . . which provides travelers with
access to the same information they have at their desk while
they are flying between different locations in the Continental
u.s. Users who are in transit over the u.s. will be able to
receive pages, receive electronic mai I messages . receive
faxes. gain access to information from their office systems
(e.g .. getting memos. spreadsheets. presentations}." Demand
Study, at p. 6 (emphasis added).

De01 0026976.01 7



in aircraft. Thus, a GAP subscriber could receive data,

digitized voice, text files, facsimile, video, graphic images,

and alphanumeric messages while airborne.

12. PacTel agrees that the market for GAP services

requires seamless coverage both in the air and on the ground. 12

This could be accomplished either by the GAP network supplying a

primary overlay of service to airborne units and a secondary

underlay of terrestrially-oriented coverage13 and/or

interconnecting the GAP network with a terrestrially oriented

nationwide network. 14 If the GAP network provided terrestrially

oriented coverage, the terrestrially oriented network must be

synchronized with the airborne oriented service.

12

13

14

PacTel does not foresee nor believe that GAP services require
a different messaging device than PacTel's AAP messaging
services. In fact, the messaging unit proposed for GAP will
receive terrestrially oriented AAP one-way messages.

In any event, the terrestrially oriented one-way messaging
network must support the AAP services which are part of GAP.
This is another reason that current nationwide paging networks
cannot offer GAP services. Current nationwide networks cannot
offer the wide range of AAP services because their
transmission speed is severely limited.

The sUbscriber, if local service was not provided by the GAP
operator, would merely need to change the frequency selection
switch on the GAP device once leaving the aircraft, hardly a
problem for a business traveller who already carries such
sophisticated devices as pocket organizers, laptop computers,
and the like.

De01 0026976.01 8



IV. CONCLUSION

13. PacTel respectfully requests that the Commission

move forward with the introduction of a Notice of Proposed

Rulemaking on GAP and tentatively indicate that PacTel is to be

awarded a preference in the licensing of GAP services for its

pioneering work in developing

Mark A. Stachiw
PacTel Paging
12221 Merit Drive
Suite 800
Dallas, Texas 75251
(214) 458-5200

Carl W. Northrop
Bryan Cave
700 Thirteenth Street, N.W.
Suite 700
Washington, D.C. 20005
(202) 508-6000

Dated: June 16, 1992
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INTERFERENCE CONSIDERATIONS IN THE DESIGN OF A
GROUND-TO-AIR PAGING SYSTEM

Dr. Charles L. Jackson
November 1991

INTRODUcrION AND SUMMARY

PacTel Paging has requested that the FCC allocate channels for a Ground-Air Paging
(GAP) service. GAP would provide paging service·to travelers in private and
commercial aircraft. It would be a valuable complement to the in-flight telephones now
present in many commercial airliners. Designing such a GAP service presents many
system engineering and spectrum management issues tbat are quite different from those
in traditional terrestrial paging systems.

This report looks at the interference issues associated with the operation of a Ground-to
Air Paging (GAP) service similar to that proposed by PacTel Paging. It concludes that
nationwide licensing of channels in this service will serve efficiency. Granting separate
geographic licenses would either require substantial investment in terrestri31 plant or
lead to reduced service capacity. I..This report also identifies several technical areas where
implementation of GAP presents challenges. Making a GAP system work is not merely
a question of assembling off-the-shelf technologies. Rather, it will require careful
engineering to assure a reliable and cost-effective service.

ECONOMIC CONSTRAINTS

The GAP market will always be a far smaller market than the total paging market.
Consequently, this market is not likely to support equipment research and development
at the levels of the larger paging market. Therefore, it is reasonable to accept a
constraint that GAP service be provided using existing paging receivers. Such receivers
are produced in large quantities today and are the focus of research and development.
The economics of the GAP service will be far more favorable if this technology can be
exploited. As we show below, the use of traditional pagers does not seem to impose
significant technical constraints with respect to range or signal level. In the analysis that
follows, we will assume the use of 1,200 bps POCSAG using two-tone FSK

TECHNICAL DIFFERENCES BE1WEEN GAP SERVICE AND TRADITIONAL
PAGING

There are numerous differences between the radio environment of the GAP service and
that of traditional paging. Areas of difference include:

• Line-of-sight path to the aircraft instead of the urban multipath path;
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Simulcast station separation of far more than one-quarter bit time;
Doppler shifts associated with more rapidly moving vehicles; and
Metal-skinned aircraft construction versus office buildings or automobiles.

Let us look at the implications of each of these in turn.

Line-or-Sight Path

Normal paging systems send messages to nearby receivers. Typically, the transmission
path is the urban multipath environment with building penetration losses. A page should
be able to reach a worker in an interior office in a modern ferro-concrete office building.
In contrast, the transmission path to the aircraft should be a line-of-sight path whenever
the aircraft is above the horizon. If the transmitting antenna pattern is directed towards
the sky, ground reflections should be mostly from backlobes and should be at sufficiently
low levels that they are not harmful. "

It is widely accepted that radio wave propagation to mobile and portable receivers in
urban areas cannot be characterized by simple free-space propagation laws. Rather
there is fading caused by multipath effects (frequently modeled as Rayleigh fading) and
attenuation caused by building penetration losses. In contrast, we would expect that the
transmission from the ground to the aircraft would be a line-of-sight path augmented
with possible reflections from those areas on the ground that are illuminated by the
antenna. If the antenna is directionalized so that signals directed towards the ground are
kept at power levels well below the upward beam, then such reflections can be
discounted. A typical model for urban mobile and portable operation is the use of third
power or fourth-power laws.! In contrast, free-space propagation follows an inverse
square law.

If we assume a receiver sensitivitf of 6.6 ~V1m and a transmitter power of 1,000 W
ERP, then the ranges are shown in the table below.

Simple propagation models using an exponent greater than two are frequently used in the analysis of
land mobile systems. For example, see R.C. Bernhardt, "User Access in Portable Radio Systems in a Co
Channel Interference Environment," IEEE Journal on Selected Areas in Communications, Vol. 7, No.1,
January 1989, pp. 49-58.

( 2 This is the sensitivity for the Motorola "Bravo Plus" series pagers operating with 1,200 bps POCSAG.
Motorola Service Manual 6881012B30-0, March 1991, p. 1.
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Pager Operating Range
Under Various Propagation Conditions

(6.6 IJ.V1m receive sensitivity and 1,000 W ERP)

Condition Range (miles/kIn)

Fourth-power law and 20 dB building 1/1.6
penetration allowance

Fourth-power law 3.2/5.1

Free-space and 30 dB aircraft penetration 500/800
allowance

Free-space and 20 dB aircraft penetration 1,600 / 2,600
allowance ,

Free-space 16,000 / 26,000

Note that the ranges shown for the fourth-power law are slightly shorter than experience
with paging systems indicates to be the case-but they are roughly commensurate. It also
shows that the combination of receiver sensitivity and power used with paging systems
today is appropriate for providing a reasonably robust service.

Reflections inside the aircraft may contribute to multipath fading. These reflections will
be associated with short path differentials and will not result in any intersymbol
interference.

We see immediately that transmission to the aircraft at any reasonable range should be
no problem. Even for an aircraft at 40,000 feet, the radio horizon is a little less than 300
miles away. But, at 300 miles distance under the free-space model, there is still more
than 30 dB of margin left for aircraft penetration and multipath losses inside the aircraft.

3 We assume that electrical field strength is given by the formula

( where E is field strength in volts/meter,
P is power in Watts, and
D is distance in meters.
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Simulcast Station Separation

Conventional paging systems use multiple transmitters in an urban area to provide high
probability of coverage to all areas. These multiple transmitters are coordinated to
insure that:

• their carrier frequencies are slightly offset to prevent carrier cancellation
effects, and

• their transmissions are simultaneous so that signals arrive in the overlap
area with roughly the same delay (that is, each carrier represents either a
one or a zero, and each carrier represents the same value) in order to
minimize any intersymbol interference.

At 1,200 bps, a symbol lasts 1/1,200 sec = 833 microseconds. Ught travels one mile in
5.36 microseconds. Thus, a symbol is spread out over 833/5.36 = 155 miles. If we
assume simulcast operation to the aircraft, then the air'craft is 155 miles closer to one
transmitter than to another, it will receive bits from the closer transmitter a full bit time
earlier than from the farther transmitter. Such overlapping transmissions will each
interfere with the reception of the other. A variety of techniques exist for dealing with
such interference including use of directional antennas and echo-canceling-like
techniques in the receiver. Unfortunately, the size and cost of paging receivers rule out
most of these methods. As we will see later, it may be desirable to enhance anyg directive properties of the aircraft cabin.

Notice that the problem of simulcast interference appears to be far more severe for the
GAP service than for traditional paging. If we assume that the signal strength in
conventional paging systems are governed by an inverse third-power or inverse fourth
power law, then there is only a small region near the midline between two transmitters
where the carriers are roughly equal in amplitude. This region is much larger if we
assume free-space propagation.

(

A rule of thumb, commonly used in the design of paging systems, is that the overlap time
for bits transmitted from two different transmitters should not exceed 1/4 bit time (in
terrestrial paging systems, this is normally a constraint on the synchronization between
two paging transmitters). In this case, that corresponds to a region of length 155/4 = 39
miles on the line directly between two GAP transmitters. Figure 1 shows a region served
by two transmitters. The darkened area is that part of the region for which the
difference in distance to the two transmitters is less than 39 miles or one of the
transmitters is below the horizon and the other above the horizon. That is, the dark
area is the area of good coverage. The transmitter locations are not shown, but the
transmitters are at the center of the circles. The vertical band of coverage at the center
of the overlap of the circles is the region where the simulcasting condition holds. The
white areas inside the circles are those areas where the aircraft can see both transmitters
but the simulcasting condition does not hold (delay separation greater than 1/4 bit time).
Aircraft altitude is assumed to be 5,000 feet. The stations are separated by 170 miles.
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Figure 1

The situation gets more complicated if more transmitters are operational. If we put a
third transmitter at the top of the picture and at an equal distance from each of the first
two transmitters, we get the result shown in Figure 2. It shows the region where the
path difference is less than 39 miles to each of the transmitters above the horizon or only
one transmitter is above the horizon. Again, the aircraft is assumed to be at 5,000 feet.
Note that as more transmitters are added the region of acceptable simulcasting becomes
smaller and the analysis become less intuitive.
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This analysis does not take into account the effects of relative signal strength or the
directionality of reception in aircraft. These issues are considered below. Nevertheless,
it indicates that interference between separate transmitters may be far more of a
problem in GAP service than in traditional paging service.

Doppler Shifts

Receivers in aircraft may be moving with radial speeds as high as 600 miles per hour
relative to the paging transmitter. In contrast, terrestrial pagers would rarely be moving
as fast as 60 miles per hour. Consequently doppler shift effects will bean order of
magnitude higher. The non-relativistic formula for doppler shift is

vAI = I (-)
c

where v is the velocity,
c is the speed of light,
f is the carrier frequency and

AI is the doppler shift.

If we assume a 600 mile per hour aircraft and a 931 MHz carrier frequency, the doppler
shift is about 830 Hz. The Motorola "Bravo Plus" receivers are specified to have a
frequency stability of 0.00025 percent or about 2,300 Hz over the operating range of -10
C to +50 C. While this is not definitive, it suggests that the doppler shift will lie within.

( the range of frequency variation normally tolerated by these receivers.
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Also note that, as discussed below, the aircraft seems to provide a directional effect, with
pages being received more readily from the side of the aircraft than from the beam. If
this effect is due, as seems reasonable, to directional reception effects and not doppler
effects, then the doppler issue is substantially reduced. A transmitter at a bearing of 45
degrees from an aircraft travelling at 600 miles per hour has a radial velocity of about
425 miles per hour and a corresponding doppler shift of about 590 Hz. A transmitter at
a bearing of 60 degrees from an aircraft traveling at 600 miles per hour has a radial
velocity of about 300 miles per hour and a corresponding doppler shift of about 400 Hz.

Aircraft Effects

Signal penetration of a modem metal aircraft is vastly different from signal penetration
into a modem office building. To a first approximation an aircraft is a metal can with a
series of holes (windows) about 30 cm in diameter along each side. We would expect
the aircraft to be penetrated readily by radio waves coining in from the side and with
wavelengths short relative to the diameter of the windows. In contrast, an office building
can be regarded as a metal grid with conductive elements separated by several meters.
Compared to an aircraft, a building is an electrically open structure. Such metal
buildings can be penetrated by radio waves with wavelengths which are short in
comparison to the separation of the conductive elements. If the aircraft windows are 30
cm in diameter, then we would expect easy radiation penetration at frequencies above
about 1000 MHz and sharply reduced penetration at frequencies below this.4 The
frequency of interest is essentially right on the dividing line (931 MHz) and we would
expect some significant attenuation even of signals coming directly in from the side of
the aircraft.

The aircraft can also be expected to create directional effects. Think of the analogy with
light. If a strong light is directly in front of the aircraft, relatively little of the light flows
into the passenger cabin. In contrast, if the light is to the side of the aircraft, it
illuminates the cabin well. Similar phenomena can be expected at 900 MHz although
the specific effects should be calculated or measured. Any effect of the wings should
also be taken into account. For example, it would seem plausible that the swept wings of
modern aircraft would tend to reflect some radio waves coming from behind the aircraft
towards the windows and into the aircraft.

Shown below, such directional effects may substantially improve the performance of a
GAP system over one with an omni-directional receiving pattern. We can conclude that

4 This is consonant with the reported experience of PacTel Paging staff. They have noted the
reception of pages in the 900 MHz band on aircraft on many occasions, but they have failed to note similar
pages at 450 MHz. At 450 MHz, the wavelength is about 67 cm and we would expect the airplane windows
to attenuate signals at this frequency substantially. The PacTel staff also reported that reception appeared to
be directional, with pages being lost when the plane was headed almost directly towards or away from the
paging transmitter.
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directional effects are highly likely and that quantification of them would be useful in
developing further studies.

IMPLICATIONS OF THESE DIFFERENCES

We can immediately see that signal strength to the aircraft should not be a problem
whenever a line-of-sight path exists. However, radio signal strength drops rapidly once
the transmitter is below the radio horizon, and we can expect little coverage beyond line
of-sight.

The greater distance between simulcasting transmitters leads to a situation where the
benefits of simulcasting are vastly reduced. In particular, it is probably the case that
successful reception of a page requires that the signal from one transmitter be 12 to 15
dB stronger than the sum of the signals from all other transmitters in order to
successfully receive a page. Such a difference in signal. strength may arise from
directionality at the transmit site, from the receiver being sufficiently close to a transmit
site, or from directionality in the receiving pattern.

INTERFERENCE FROM MULTIPLE TRANSMITfER SITES EXAMINED

ti1~ NGEAP~ hasrf developed a.compudte~ ,ProIgram
h

that nlumericah~y ellvaluInatehs sOd~e po~sibleh
..~~ mte erence questIOns an ulSp ays t e resu ts grap lca y. t e ISCUSSlon t at

follows, we will use the outputs from this program extensively. While the reader should
find these easy to follow, a few words of explanation of the program outputs is in order.

Each figure shows the coverage provided by an array of transmitters to aircraft at a
specific height. The directional antenna patterns of both the transmitting and receiving
systemS are shown as well. In most of the figures, a white dot indicates the location of
the transmitters. The region of good coverage is black. For a number of the later
figures, a single "subject" transmitter, located in a hexagonal grid of other transmitters is
considered. See Figure 7 for an example of the othe!' transmitters. The transmitters are
located on the centers of an array of hexagons that cover the plane. The fraction of the
area of the hexagon receiving interference-free coverage and associated with the subject
system and is calculated and displayed. Also displayed are the outlines of the hexagon
centered on the subject system and the radio horizon (for the specified transmitter and
aircraft heights). On some figures the hexagon or the radio horizon may not be visible.
The reader should focus on the coverage around the central transmitter (the one in the
hexagon). The coverage pattern around some of the other transmitters will be distorted,
since they do not have a full complement of nearby interfering transmitters.

( S We use the term "receiving system" rather than "receiving antenna" because it is the combination of
the pager and the aircraft penetration effects that determine the ultimate directionality of the receiver.
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An airplane at an altitude of 10,000 feet has a radio horizon of 170 miles (assuming a
transmitter height of 500 feet).6 Thus, planes lower than 10,000 feet cannot receive a
signal from a transmitter more than 170 miles away. If a system design goal is to
provide service to most flyers most of the time, then transmitters must either be located
at fairly high locations or spaced fairly closely (say, a 300-mile separation).

Figure 3 shows the coverage that would be generated by a single transmitter to aircraft
flying at 5,000 feet, assuming that both the transmit and receive patterns are omni
directional. As would be expected, the coverage pattern is a circle with a diameter equal
to the radio horizon.

Rcvr Al~ : SOOO ~~

~~r Al~: 500 ~~

_10 H. : 132 ,d

E ~

Th....ahald:

:z
13.0 ..,

Couer__ : ,

Figure 3

100.00 .-n:.nt

6 The distance to the radio horizon is given by:

(

where h, is the height of the receiver in feet,

h, is the height of the transmitter iIi feet, and

d is the distance to the horizon in miles.
This formula assumes a smooth earth and an effective earth radius of 1.33. For details, see Reference Data
for Radio Engineers, Sixth Edition, p. 28-12.
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We can also ask, what coverage would result from two transmitters separated by about
170 miles? That coverage pattern is shown in Figure 4. In this pattern, good coverage is
again indicated by dark areas on the paper. The areas without coverage are either
below the radio horizon or are have no single signal that is more than 13 dB above the
other signal. Figure 1, above, shows the coverage that would be predicted if we assume
that reception is acceptable when the simulcast condition holds (spread in arrival times
of less than 1/4 bit time). Notice how this fills in some of the interference region.

Tr...... tt:

Pattern

Fleur I'll t : SOOO f't

_tr Alt 500 t't
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y 1'r
Scale In .. lies

Cover.tIe:

Figure 4

8J. .59 percent:

(

Figure 5 and Figure 6 exhibit the effects of assuming three transmitters with aircraft
altitudes of 5,000 feet and 20,000 feet. Notice how the coverage area near the
transmitter is reduced as altitude is increased. With our assumed transmitter separation,
at this altitude there is only a relatively small area where an aircraft can see more than
one transmitter. In these, and all subsequent figures, we assume that, whenever the
simulcast condition for 1,200 bps signalling holds, acceptable coverage results.
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Figure 6

Figure 7 through Figure 20 display the coverage provided by a regular array of
transmitters as aircraft altitude varies. The parameters we have selected provide almost
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optimal coverage for aircraft flying at 1,500 feet. Transmitters are located on the centers
of an array of hexagons which cover the surface. Notice that, as the aircraft altitude
increases, transmissions from more distant stations cause a reduction in service area.
This reduction is also displayed in the table below.

COVERAGE AS A FUNcrION OF ALTITUDE
(Assumed transmitter height of 500 feet, hexagonal units of 100 miles on a

side)

Aircraft Altitude (feet) Coverage (percent) Comments

500 48 Coverage is limited to
regions above the radio
honum

1,000 70

1,500 90

1,700 95

1,900 98..
2,500 100 Some overlap, but

simulcast condition holds

3,000 98

4,000 78 Coverage diminishing as
interference (simulcast
condition doesn't hold)
increases

4,500 66

5,000 55

10,000 19 Radio horizon now
reaches to nearby
transmitters, coverage falls
sharply

15,000 3

20,000 3

40,000 3
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