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EXHIBIT 4

EFFECT OF NEW TECHNOLOGY ON LAND
MOBILE RADIO SPECTRUM NEEDS

The initial purpose for utilizing mobile radio was to effect com-
munications with the man in the vehicle. Police headquarters wanted
to give an order to a squad car; the taxi dispatcher reached a cab
via radio to direct him to pick up a fare. Accomplishing this objec-
tive is still a key element necessitating the use of mobile radio,
and it will undoubtedly continue to be so.

However, as the nature of our society and economy has become
more complex, additional communications needs have emerged. Employees
of Government and industry are frequently not in vehicles and so cannot
respond to a message from headquarters. Hand-carried portable equip-
ment is undergoing constant development and improvement to meet that
communication requirement. Sometimes the use is two-way: to provide
communications to and from the fireman inside the blazing building. In
other cases, it is one-way: the employer contacts the employee while
he is on an assignment and directs him to another site to combat an
emergency. The principle, however, is essentially the same; it permits
person-to-person communication wherever they are.

The socio-economic demands do not stop there. Often, information
of a detailed nature must be transmitted in such quantity that the
recipient will either not get it completely or will have to waste
valuable time (and spectrum) seeking ''repeats' so that he can copy
it down. Again, Land Mobile radio is stepping into the breach by

developing modes whereby the data can be transmitted into a machine




and stored until it is ready to be used. A description of stolen

cars can be transmitted to mobileprinters located in patrol cars

to be read by the driver when time permits. The next day's freight
schedules can be similarly fed into a printer the night before, ready

to be picked up and acted upon by the morning shift. These examples

represent communications from a person to a machine.

It is a short step to visualize communications designed
for use from machine to machine. Various remote control devices
operate to direct machines into areas where conditions would not
permit people to go. Automatic vehicle location systems permit
any or all vehicles to be interrogated as to their where-abouts,
and the responses can be programmed so that decisions can be made
on a future course of action. Radio permits both the interrogation
and the response to be made, essentially without the intervention
of man.

The following examples of new technology are merely that:
indications of a few paths which can already be seen. It is safe
to conclude, however, that although thus far the concepts have out-
stripped the applications the future will see many more of these
ideas reach practical fruition.

1. PAGING
The general use of personal pagers is expected to increase

toward a general equipping of individuals with pagers similar to

the current usage of telephones. The number of people will increase

as cost and size of paging equipment is reduced.

Within the past five years there have been tremendous
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changes in the semiconductor industry. The rapid growth of new
devices and the development and growth of integrated circuit
technology has made miniature radios a realizable item within
the present state of the art.

A simple version of a wrist receiver (less battery and
loudspeaker) may become feasible within five to ten years. A
complete two-way unit, including a low-power transmitter, would

take several years more.

II. INFORMATION TRANSMISSION

A. Teleprinters - The use of dedicated or shared teleprinter

channels for printed messages for public safety and business use.

Radio teleprinter operation can provide unique benefits in
fulfilling mobile communication requirements not fully satisfied
by the two-way voice communication systems, thus complimenting
voice communications. The benefits of teleprinters include the
improved message accuracy gained by recording the message, unat-
tended reception of messages, operation in acoustically noisy
environments, direct interface with data sources and message pri-
vacy.

Some of the potential users of teleprinter include law en-
forcement and public safety agencies, utilities, manufacturing
operations, transportation operations, airline terminal operations

and automobile emergency services.




B, Facsimile and Slow=Scan TV - For visual communications

and transmission of graphic information.

As further improvement in graphic transmission technology
occurs, it is becoming more feasible for use in vehicles. This
would permit transmission of pictorial information, maps and
documents in original format. If scenes must be transmitted
and do not contain rapidly moving objects slow-scan television
to a vehicle can be employed. Slow-scan signals can be transmitteqd
over much narrower channels than the 6 MHz used for standard
television broadcast.

For map viewing, slow-scan TV may be quite practical, since
changes are not likely to occur more rapidly than the system can
accommodate. Police application of this system would allow a
patrolman to view "show-ups" as they were being conducted at
the police headquarters. Similarly, daily bulletins of the police
or other organizations could be viewed remotely to avoid the
accumulation of excess hard copy in the vehicle.

C. Data Input to Computers - Inquiry systems from mobiles

to computers for information.

It is now technically feasible to use the radio channel be~
tween a vehicle and its control center to provide direct access
to data stored in the memory files of a computer. An inquiry
on a keyboard in the vehicle is translated by an encoder into
signals suitable for transmission over the radio link. At the
control center the received signals are automatically routed

to the computer, which processes the incoming message and searches




the memory for the desired information. The information or other
suitably composed reply is automatically encoded and fed to the
base station for transmission to the vehicle when the channel is
free. At the vehicle the receiver feeds the signal into a decoder,
where it is translated into a form suitable for driving a mobile
teleprinter or other display device such as a cathode-¥ay tube.

D. Location Systems

Vehicle location systems have been recommended by the Presi-

dent's Commission on Law Enforcement and Administration of

Criminal Justice, and in the related Task Force Report = Science

and Technology. Extensive experimental and developmental pro-

jects are currently being undertaken by manufacturers.

The FCC has initiated an inquiry into the requirements for
car locator systems with a view toward modifying the land mobile
rules to provide for licensing of these systems.

A location system has three distinct communication needs
although they may share common channels. These are:

l) Location Measurement

This function uses a radio channel to make measurements
of time, phase, etc., from which a position is derived. Even
an onboard dead-reckoning system might use the channel for

up-dating or resetting.
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2) Interrogation

This function requires a channel which is used to select

and prepare the vehicular equipment for the measurement function.

3) Reporting
This function requires a channel to report a measurement
parameter to a computing or displaying center.

E. Vechicle Identification Information - Automatic identifi-

cation of the specific vehicle transmitting a message.

A number of systems have been designed to provide identifi-
cation for each of the vehicles in a radio system. Vehicle
identification is also an inherent part of a location system.

A variety of users have indicated that vehicle identification will
provide unique bengfits to their everyday operation. Some of
these types of users are police, utilities, and bus companies.

F. Transfer of Information from Ambulances to Hospitals -

Electrocardiograph (EKG), blood pressure, encepholograph and
similar medical instrument outputs.

These systems provide communication channels for emergency
assistance to and from hospitals. They tie several area hospitals
to a central or regional hospital, portable-radio-equipped workers
at a disaster scene to the hospitals, and amublances, rescue squad
trucks, and other emergency vehicles to each other, to hospitals,

and to workers on foot.
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Recently new techniques have been developed using these systems.
A Los Angeles ambulance service has tested a system which transmits
the heartbeats of a cardiac patient over the ambulance radio to
the dispatch office. The information is in turn relayed by a
special telephone line to an EKG recorder at the hospital. Thus
a doctor can examine the electro-cardiogram and make preparations
for the reception and care of the patient while the patient is
enroute to the hospital via ambulance.
The availability of a number of channels should eventually
make it possible to send information on other physiological functions,

such as blood pressure, pulse wave velocity, respiratory volume,
skin temperature, etc.

G. Telemetry

Extensive use of remote telemetry will be used in watershed
reporting systems, river level reporting systems, etc., where
sensors spread ove? a wide area report information to a central
control point.

III. PORTABLE REPEATER SYSTEMS

As the use of portable radio systems increases, additional
spectrum is needed for associated repeater channels.

Since the principal purpose of a repeater is to extend the
ranges of personal portable radios, particularly within buildings,
the propagation characteristics of the various frequency bands with
respect to portable radio performance must also be considered. In

this connection it has generally been found that RF penetration of
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structures is enhanced by the use of frequencies above 150 MHz,
and especially within the 450 MHz range. This choice is further
strengthened by the relative inefficiency of portable radio
antennas at the lower frequencies.

Within the next five years, medium or large scale integration
combined with hybrid micro-electronics, should allow miniature
radios to be built with power outputs equal to today's hand-held
portable units. A break-through in battery technology will also
enable smaller and smaller units to be built.

IV. WARNING

A. Selective Warning Systems = This includes tornado and Civil

Defense warning systems for schools and other public buildings.

There is a trend toward using a wide area, county or even
state-wide radio channel for emergency warning systems. For
example, the 10-10 system operated by the Illinois State Police
permits any school or similar institution to gain access to the
system by purchase of appropriate radio equipment. 1In event of
need for a warning, a tone signal is sent out, opening the audio
circuits of the radio receiver so that the voice warning message
is received.

B. Alarms from Remote Locations - Intrusions, burglar, fire,

and similar alarms from remote areas or places.
Unguarded remote sites are generally vulnerable to vandalism.
Equipment at such sites may be protected by a building within a

fenced in compound. Such sites can also be protected from illegal
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entry by alarm systems which report to 24 hour communication or
dispatch centers. Fire and burglary alarms, equipment disable-
ment detectors, etc., can be similarly protected. A more recent
development is the Ice and Frost Alarm. Highway departments

find it desirable to immediately know about snow conditions on
roads and frost or icing conditions on bridges or exposed sections
of highways. Frost and ice can form on the road surfaces, creating
a severe hazard to driving not expected by the motorist. Highway
engineers prefer to eliminate this problem by sanding or salting
as soon as possible rather than relying on warning signs or driver
judgment,

The Maintenance Department of the Iowa State Highway Commission
has recently been experimenting with frost and ice detectors.
Sensors were embedded in the bridge floors about midway into one
traffic lane and connected to a control unit mounted on a nearby
utility pole. The alarm output controlled a radio transmitter
mounted on the pole which would broadcast the alarm to a monitor
receiver located at the local maintenance foreman's residence.

C. Distress Signals from Motorists

1) Vehicle to Emergency Center

2) Roadside Call Box to Emergency Center

The various public safety agencies have expressed an interest
in systems to enable a citizen in distress to call for assistance.
The fire department, police or sheriff may be needed. The assis-~

tance required may take a variety of forms. For medical aid, a
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doctor, ambulance, or oxygen equipment may be needed. A mechanic

or tow truck to assist with a disabled vehicle is a frequent require-
ment. A rescue squad may need to be summoned in the event of

a cave~in, explosion, train or airplane crash, etc.

V. CONTROL

A. Remote Control of Vehicular Equipment - For example,

cranes, road-building equipment and trains.

Radios and other electronic devices have made possible the
control of hazardous operations at a safe distance, the remote
control of operations in a location inaccessible to a human operator,
and the completely automatic control of many operations.

Examples of remotely controlled operations are:

1) Remote control of overhead traveling cranes. This is a

common, well-known application for a portable, radio-type,

remote control system. This system enables one man to con-
trol the lifting and movement of goods quickly, accurately,

and efficiently from a position close to the work itself.

2) Remote control of switch engines or other track-type movers.

This is a recently-adopted application of the same type of

equipment as described in 1) above.

3) Remote control of a bull-dozer to clear fire-breaks in

a forest-fire-fighting operation,

4) Remote control of a vehicle to carry and aim a firehose

close to a forest fire, where the heat may be too great for

men to stand.
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5) Remote control and aiming of a water nozzle mounted at
the upper end of the movable tower or extension arm of a

fire truck. This application, in conjunction with a low-
cost, expendable television camera mounted next to the nozzle
and feeding a CCTV monitor located at the control position,
would enable a source of water to be brought closer to the
heart of a fire in a building.

6) Computer-directed road building equipment. Automatically
controlled road-building equipment can be designed to be
directed by computers. Either special or general-purpose
computers would direct the machines to move in specified
directions, prepare a road bed to a specified grade, bank

a curve to a specified angle, lay a base of specified thick-

ness, etc.

B. Turn-on = Turn-off functions - Remotely operated at fixed lo-
cations where the use of wire line is not feasible because of
conditions such as mountainous terrain, etc.

Such systems are used for the remote control of traffic signs
along roads, control of equipment on remote mountain tops and con-
trol of a large number of switches such as the electric water heater
switching systems as implemented by the Detroit (Michigan) Edison
Company. This system has radio-actuated switches controlling the
customer water heaters permitting the power company to regulate

the loading on the power system.




VI. PRIVACY AND SECURITY

There is an increasing need for the ability to transmit
messages which can be understood only by the intended person or
groups of persons. The application is obvious in law enforce-

ment agencies. Industrial and business users also want privacy

from their competitors.

It is expected that as more stringent requirements for
privacy and security develop, channels that are wider than those
presently available will be needed.

VII. ADDITIONAL BANDWIDTH REQUIRED FOR NEW TECHNOLOGY IN ALL SERVICES

Additional spectrum will be required for new technical de-
velopments although not in proportion to the channel occupancy
of these developments. It is necessary to determine whether

sharing of an existing channel is possible or if separate channels

are required. New systems can fall into any of these categories:
A. Can be used on existing voice channels. This assumes that
there are sufficient channels with available air time.
B. Cannot be used on existing channels, and additional
spectrum is needed, due to one of the following reasons:
1) Cannot be used on a given user channel due to interference
from currently existing heavy radio traffic; the system is

compatible with a voice dispatched systems, however.

2) Technically not feasible. For example, an effective

voice privacy system requires a wider channel than is pre-

sently allocated by the FCC. Also, portable systems used

with vehicular repeaters require more frequencies than mobile-
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to-base radio systems.

3) There is an operational incompatibility. For example,

a dial interconnect paging system is usually not compatible

with conventional dispatcher operation of a mobile system.

In exploring the various bands in the radio spectrum, certain
technological limitations become apparent.l Power output and
coverage tends to decrease in the higher frequency bands. Also
foliage effects tend to reduce propagation at higher frequencies.

In conclusion, new technology provides many new and useful
functions which will require additional spectrum over that re-

quired for present day conventional voice communication.

lSuita'bility of various frequency bands for land mobile radio

use. Report of the Advisory Committee for the Land Mobile
Radio Services, Federal Communication Commission. 1967
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Exhibit 5

Source Describing Los Angeles Congestion

The Joint Technical Advisory Committee, Spectrum Engineering -

the Key to Progress, Supplement 5, "Urban Area Radio Spectrum

Usage," March, 1968
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EXHIBIT 6

An Analysis of Projected Growth in Metropolitan Chicago
In Relation to the 1960 Urbanized Area

Examination of patterns of new housing, new school con-
struction, and new industries reveals where the economic and
demographic growth is going to occur in the Chicago Metropolitan
area., In fact, there is evidence that this growth has already
begun.

1. Housing

Population density is increasing and more land is under
development. "Vertical" growth, the population of the City
of Chicago, has stabilized; "horizontal growth" outward from
Chicago can be identified as the major element of growth.

Table A shows the growth of housing in the Chicago area.
Since 1945, the major element of that growth has been outside
the City of Chicago.

As densities of population rose in the suburbs immediately
adjacent to Chicago, new communities rose from the cornfields.
Thus, as early as 1960 the principle growth in the Chicago area
was within, but at the outer edge of, the urbanized area defined
by the U, S. Population Census of 1960. As densities increased
in the peripheral communities, new land has come under develop-
ment outside the 1960 urbanized area. As an example, from 1964
through 1968, Arlington Heights, Illinois led all areas of Chicago
in homebuilding. However, in 1969 leadership in homebuilding will
move to newer communities such as Schaumburg, Streamwood and
Buffalo Grove which are all outside this 1960 area. Arlington
Heights has simply run out of land for development.

2. School Construction

These new communities have become the focal points for natural
population growth., This, from 1962-1967 the City of Chicago
recorded only 35% of new-born babies while the surrounding areas
accounted for the remaining 65%.

Two high school districts serving northwestern Chicago
suburbs have tabulated their growth from 1960, and projected
this growth forward to 1975. District 211 serves areas largely
outside the 1960 urbanized area. District 214 serves townships
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TABLE A

PERMITS ISSUED FOR NEW DWELLING UNITS
CHICAGO METROPOLITAN AREA

Chicago Suburbs & Unincorporated Areas
Apt. Apt.
Homes Units Total Homes Units Total

1967 1,714 9,966 11,680 20,135 16,359 36,494
1966 2,438 9,083 11, 146 16,332 11,076 27,408
1965 2,620 7,071 9,691 18,552 12,334 30,886
1964 2,438 (2)7,588 10,026 16,428 k032 27,460
1963 2,663 6,308 8,971 17,074 13,469 30,543
1962 3; 110 9,394 12,504 18,917 19,885 38,802
1961 3,430 10,829 14,259 20,985 19,680 40,665
1960 4,016 10,344 14,360 22,101 7,416 29,517
1959 e i 4,616 9,853 30,185 7,561 37,756
1958 4,117 4,675 8,792 27,018 4,777 31,795
1957 4,937 By 632 10, 569 (x)25,947 3,062 29,009
1956 6,971 6,654 13,625 32,948 2,059 35,007
1955 9,278 6,797 16,075 35,251 1,544 36,795
1954 8,201 4,819 13,020 33,229 930 34,159
1953 8,682 3PLE5 11,847 27,804 931 285735
1952 6:552 4,181 105733 22,380 934 A R
LG5 6,640 4,698 10338 20,738 862 21,600
1950 8,498 9,109 17,607 24,158 1,588 25,748
1949 4,944 4,869 9,813 le, 588 3, 375 17,963
1948 4,425 1,654 6,079 15,504 1,073 16,577
1947 3,986 1,982 5,968 14,445 4,331 18,776
1946 4,283 1582 5,815 11,785 448 12,233
1945 #3,672 (1)1,687 B399 5,268 503 By d s
1944 25610 2,480 5,090 3,377 7 3,554
1943 1,276 *3,158 4,434 3,066 - 3,066
1942 1,870 2,649 4,519 5,940 - 5,940
1941 4,431 514 4,945 11,442 - 11,442
1940 3183 225 3,378 7,561 - 7,561
(x) Includes 18 Homes of Public Housing

# " 500 " n " "

(1) " 672 Units " A i

* " 1’500 " " n "

(2) n 1'764 n " n n

Source: Bill Saving and Load Association

Prepared by: Research and Statictics Division
Chicago Association of Commerce and Industry
January, 1968
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which are substantially within the 1960 urbanized area. Table
B summarizes the growth in student population and the number
school buildings required to support these students.

By 1975, District 214 will have reached it's peak in school
enrollment. District 211 will continue to grow as development
of the area intensifies.

A study by Arthur D. Little, Inc. of the factors which would
affect William Rainey Harper Junior College in northwestern
Cook County, Illinois states:

"The population of the College District quadrupled
between 1950 and 1960; growing from 32,000 to 129,000;
by 1970, we estimate the population will more than
double, growing to about 325,000 and by 1980 will
exceed 500,000."

Thus, the report indicates the most dynamic population
growth will occur in the areas outside the 1960 urbanized area.

3. Industrial Growth

A recent articlel identifies three key factors in Chicago's
future economic growth. The first is development of a third
major airport; second, completion of the expressway system paral-
leling Route 53 in DuPage County; and third, the selection of
Weston as the site of the National Accelerator Laboratory. All
of these developments will be outside the Chicago urbanized area
as defined in the 1960 U. S. Population Census. An observation,
applying most particularly to the Weston nuclear facility, is
that these develpments constitute an unparalled opportunity to
forge a link between the known economy of today with the still
to be defined economy of the future.

Industrial development shows a similar pattern. Table C
shows the industrial acreage available in metropolitan Chicago.
This data indicates that most industrial growth will occur
outside the City of Chicago, and for the most part beyond the
1960 urbanized area. Expressways, interstate highways and the
Illinois Toll Road system encourage decentralization of industry.

Table D shows the growth of industrial development in new
construction and expansion projects. As the construction of
O'Hare International Airport brought a proliferation of industry
to the northern end of Cook County, the projected new major air-

port in southern Cook County or Will County will encourage similar
industrial development.

1 7he Development of Industrial Parks in Metropolitan Chicagqo;

Edwin H. Draine, Commerce Magazine, July 1968.




TABLE B

EDUCATIONAL GROWTH - (1960 = 1975)
-~ HIGH SCHOOLS -

# STUDENTS # SCHOOLS
District 211 District 214 211
1960 1,592 4,416 1
1961 1,978 5,369
1962 2,368 6,323
1963 2,846 1§ 3933

1964 3,218 8,276

1965 3,631 9,383
1966 4,193 10,784
1967 4,832 12,007
1968 5,%08 13,520
1969* 6,348 14,560
1970% 7,060 15,7179
1971* 8,178 17,125
1972% 8,965 18,336
1973% 9,777 19,516
1974 % 10,491 20,442

1975% 10,999 20,984

*PROJECTION

Source: District 211 Headquarters Report dated 9/26/68. (Palatine/
Schaumburg Township)
District 214 Headquarters: Office of Mr., Jack Martin.
(Wheeling/Elk Grove Township)




TABLE C

INDUSTRIAL DISTRICT SURVEY - 1967-68

Number of Total # of Acres # of Acres Number of Acres
Industrial Districts of Land in Districts Sold & Leased Available for

- Industry
1968 1967 1968 1967 1968 1967 1968 L9967

City of Chicago 29 Fe XY 2,742 Zrd99 1,889

Suburban Cook County,Il11.119 13,536 32,612 5837 4,847

North Cook 66 7,387 6,697 3,492 2,718

West Cook 25 1,511 1,502 1,287 1,118

South Cook 28 4,638 4,413 1,058 1,011
DuPage County, Ill. 26 6,588 7,419 1,497 1,856
Kane County, Ill. 25 3,143 3,616 932 710
Lake County, Ill. 23 2,647 2,104 605 312
McHenry County, Ill. 1 325 300 0 0
Will County, Ill. 10 3,466 4,062
Lake County, Ind. 1,194 1,077

Porter County, Ind. 630 0

Chicago Metropolitan Area 247 34,740




1967
CHICAGO:

Total $103, 130
Central 4,155

North G327

West 5,895

South 86,753

COOK :

Total 200,766

Total-

Excl.

Chicago 97,636
North 51,426
West 14,610
South S, 6 G0

DuPage 19,628
KANE 8,603
LARE, JLlis5,513
MCHENRY 2,638
WILL 163,280

LAKE D 338,658

PORTER

$73,587
3 s a3
8,882
3,852
57,216

202,192

128,605
70,328
35,424
22,853

30,418
40,035
11,956
4,609
15,190
105,294
127,020

Total Consolidated Area:

Source:

$739,086 $536,714

TABLE D

INDUSTRIAL DEVELOPMENT - BY GEOGRAPHICAL AREA

New Construction and Expansion Projects Only

$79,643
5,059
3,900
12,760
. 57,924

221,998

142,355
53,248
46,498
42,609

38,838
10,988
32,879
3,469
20,548
297,665
77,620

$704,005

1964

$43,024
10,036
2,860
6,400
23,728

141,713

98,689
50,425
25,665
22,599

24,338
8,072
36,767
1,335
5,513
342,393
75,810

$635,941

($000)

1963

$61,988
6,279
3,416
2,527
49,766

127,642

65,654
42,365
15,704

7,585

4,597
4,826
3,862
4,385
35,250
232,058
275,120

$657,740

1962

$50,986
3,004
8,369
8,227
31,386

119,553

_

36,155
14,134
18, 256

4,694
6,720
12,965
1,361
7,960
231,769
l44

$385,114 $198,517

1961

$55,769
3,731
7,580
4,840
39,618

108,827

30,553
20,025
2,480

6,995
8,295
9,068
2,225
10,360
52,077
640

Monthly Reports on Industrial Developments in Metropolitan Chicago
Research and Statistics Division, Industrial Development Division
Chicago Association of Commerce and Industry

$65,082
3,040
2; 589
6,843
52,640

147,594

29,901
30,581
22,030

11,811
3,521
9,860
3,825
1,195

36,365

63

$214,244

101

1959 1953
$36,597  $48,336
3,120 3,941
5,405 4,215
2,680 4,415
25,392 36,265
108,217 98,965
25,282 22,400
26,088 14,339
20,250 13,890
3,170 12,225
6,625 2,980
3,175 3,305
2,950 -
7,450 10,640
81,020 54,514
100,075 -
$312,682 $182,539




For example, the Weston neuclear laboratory is expected to
spawn a whole new generation of supporting industries and services,
westward to the Fox River Valley and throughout DuPage County.

Conclusions

The evidence indicates that metropolitan Chicago is rapidly
expanding with principle thrust northwest and west of the 1960

urbanized area. New factors will influence growth to the south
and southwest.

Beyond 1975, the projection is for continued outward develop-
ment, with the balance of population majority shifting from the
City of Chicago to the suburban areas.

These indicators demonstrate the need for more flexibility
in meeting the socio-economic needs of Chicagoland, than is ex-
pressed by the 1960 urbanized area definition.

Similar analyses for other metropolitan areas would give
like evidence. The needs of 1968 are not those of 1960. The

needs of the 1980s will be dramatically changed from those of
1968.
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EXHIBIT 7

Analysis of the Findings of FCC Land Mobile Frequency Relief
Committee, Working Group 2

In 1949, in the Third Report and Order, the maximum proposed
power permitted a UHF station was 200 kw (23 dbK). The antenna
height considered with this power was 500 feet above average
terrain. The grade B service signal strength was determined as
64 dbu for UHF, presumably from receiver sensitivity. Using
these factors, and allowing a 28 db desired-to-undesired ratio
at the 64 dbu grade B contour, the TV station spacings were

determined. A summary of the numbers is this:

Range (F50,50) to Tolerable inter- Distance from

64 dbu contour fering signal = interfering

(23 dbK, 500 ft.) 64 dbu - 28 db = 23 dbK, 500 ft.
36 mi. 36 dbu station to

produce 36 dbu
F(50,10) signal

129 mi.

Total separation between stations resulting is 36 + 129 or 165 mi.
This technical basis was then altered by the Commission in

the Sixth Report and Order in order to offer more television service

to the country. The spacing on UHF was reduced to 155 miles in

zone 1. The justification given was that due to the concentration
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of cities, residents of the area would not be deprived of service,
since there would be an overlapping of service contours on dif-
ferent channels located in the interference areas. The Commis-
sion also stated that the 155 mile spacing corresponded with the
minimum facilities spacing (50 kw and 500 feet antenna height).

It perhaps felt at the time that the maximum facility stations
would be few in number.

Power and antenna height increases were permitted over the
original figures. The power limit on UHF was raised to 1 mega-
watt in the Sixth Report and Order in an attempt to equalize
UHF and VHF coverage. If all stations increase to the same
maximum, no change in interference contours results, since
both desired and undesired signals increase by the same amount.
The location where the desired and undesired are 28 db apart then
remains in the same place. The case where stations are running
unequal powers or antenna heights, is dismissed with the comment
that the coverage area gained by the higher—powéred station is
greater than that lost by the lower-powered station. It seems
that the Commission's objective here was to provide TV service
for everyone, from one station or another.

The exceptions should be pointed out. The Commission
reduced the original calculated 165 miles UHF station spacing

in Zone 1 to 155 miles, since it was assumed that many stations




would be present, and few would be deprived of service due to
interference. However, the Commission went the other way in
Zones 2 and 3. Reasoning that Zone 2 would be mostly rural,
the permissible station spacing was increased to 175 miles.
It was stated that persons in the interference areas between

closely spaced co-channel stations would not have a choice of

other channels to provide them service in such a sparsely
populated area. So the spacing was increased with the result
that coverage is limited by noise, rather than interference
between stations. The same reasoning applied to Zone 3, the
Gulf Coast states. Here, exceptional propagation known to
exist dictated a further increase in station spacing to 205
miles.

It appears that the station spacings that were determined in
the Sixth Report and Order were predicated more on policy than
on adherence to strict technical standards. This conclusion is
based upon close analysis of the Sixth Report and Order in which
the present TV standards were set, but the technical rationale
validating them was absent.

It is against this background that we shall examine the three
plans proposed by Working Group 2 of the FCC Frequency Relief

Committee. It should be noted that each plan established mini-

mum separation distances between land mobile stations and co-channel

or adjacent channel television stations.
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In the working group calculations, the land mobile signal
is not permitted to be less than 50 db below the desired TV
signal. As a matter of practice, measurements have been
made on VHF TV sets, and the 50 db figure appears to be realistic.
A lower figure may result in noticeable interference, and con-
sequently the Section considers 50 db the necessary level of
protection to television facilities.
Plan 1

Plan 1 is described as giving equivalent interference
protection to TV reception as now exists between TV stations.
In essence, it appears to apply the standards of the Sixth Report
and Order by allowing land mobile stations to create the same
amount of interference as now results between TV stations. An
interfering UHF TV signal must be a minimum of 28 db below the
desired TV signal to provide a satisfactory level of service,
according to the Sixth Report and Order.

Plan 1 utilizes the propagation information that is presently
in the Rules and Regulations governing the broadcast service (Part 73).
These curves were derived from lower VHF signal strength data, not
UHF as is considered here.

The distances calculated for this plan seem to have been deter-
mined in the following manner:

1. The minimum spacing between TV stations is taken from the

current rules and regulations.




28 db is taken as the desired-to-undesired (D/UD) ratio. (TV)
Using the existing F.C.C. VHF propagation curves the

F(50,50) curves for desired and F(50,10) curves for

the undesired signals are applied to establish the point

at which the 28 db ratio occurs. (40 miles from the

desired station for co-channel zone 1).

The desired F(50,50) signal is known at this point and
the 50 db land mobile to TV ratio is subtracted to
determine the allowable land mobile signal level.
The F (50,10) curve is now used to determine the minimum
distance the land mobile station must be spaced away
from the 28 db ratio point.
The sum of the land mobile distance to the ratio point
and the TV distance to the ratio point give the total
TV to land mobile minimum separation distance.
The minimum separation found by this method assumes that the
28 db D/UD ratig@ point is at various distances within the desired
Tv field and depends upon the TV station spacing. The ratio,
however, is defined in the Sixth Report and Order, only at the

UHF service grade contours. It is 28 db at Grade B (64 dbu) and

36 db at Grade A (74 dbu) for offset TV stations. (higher for

non-offset).
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Since the (zone 1) 28 db ratio point desired signal level
is 76 dbu it is within the Grade A contour where a 36 db ratio
would appear to be required, a probability of interference would
seem likely. Hence, we would conclude that Plan 1 is not a feas-
ible approach.
In summary, Plan 1 consists of:
a. Allowing land mobile signals to be no less than 50 db
below the 76 dbu signal near the Grade A contour of a
TV station when sharing the same channel.
b. Allowing the land mobile signal to be equal to the 76 dbu
TV signal strength near the Grade A contour of a TV sta-
tion where adjacent channels are used.
c. Use of the VHF prediction information published in the
present Part 73 rules and regulations.
Plan 2
Since many TV viewers located at the Grade B service limit
of a TV station use directional antennas to obtain a better pic-
ture, this fact was utilized to obtain additional protection from
interference in any channel sharing scheme. A directional TV
antenna is estimated to provide 15 db of protection against a
co-channel land mobile signal. It is still desired to have a
ratio of 50 db between the desired TV, and the undesired land

mobile signal at the terminals of the TV receiver, but the antenna




109

with its 15 db of rejection of the land mobile signal would now

allow a higher undesired signal strength at the Grade B limit of
the TV station: only 35 db below the desired TV signal in this

plan.

A similar plan is used for the adjacent channel case. 1In

Plan 1, the land mobile signal could be equal to the desired TV
signal if it was in the adjacent TV channel. Here, however, if the
factor of antenna rejection is considered, the land mobile signal
can now be 15 db above the TV signal at the Grade B contour.

With the higher land mobile signals permitted at the TV

station Grade B contour, the land mobile stations may be located
closer to the TV station under this plan. However, the assump-
tion of virtually total antenna directivity does not necessarily
coincide with actual conditions, and hence does not appear to
establish a sound basis for sharing. On the plus side, this plan
uses the more recent propagation prediction information published
in Report R-6602.

In summary, Plan 2 consists of:

a. Allowing land mobile signals to be no less than 35 db below
the 64 dbu signal at the Grade B contour of a TV station
when sharing the same channel.

b. Allowing the land mobile signal to be 15 db greater than
the 64 dbu TV signal at the Grade B contour of a TV station

where adjacent channels are used.




c. Use of UHF propagation prediction information published
in F.C.C. Report 6602.
Plan 3
This plan is similar to Plan 2, except that no antenna rejec-
tion of the land mobile signals is assumed. The permissible co-
channel and adjacent channel ratios are the same as in Plan 1 and
r
summary, Plan 3 consists of:
Allowing land mobile signals to be no less than 50 db
below the 64 dbu signal at the Grade B contour of a TV
station when sharing the same channel.
Allowing the land mobile signal to be equal to the 64
dbu signal at the Grade B contour of a TV station where

adjacent channels are used.

Use of UHF propagation prediction information published in

F.C.C. Report 6602.

SUMMARY COMPARISON OF THE PLANS

Plan 2 and Plan 3 are based on determining the ratio of

desired TV Grade B service level to the land mobile F (50,10)

service level. 1In all three plans 50 db is assumed to be the
desired ratio for co-channel TV and land mobile channels and O
db is assumed to be the desired ratio for adjacent channel TV

and land mobile channels.




Plan 1 has a lesser separation requirement than Plan 3. It
is based on less accurate propagation curves and no assumed TV
receiver antenna directivity. The method of selecting the signal
reference point is not well-defined or technically supported.

Plan 2 has the least separation requirements since it is based
in the latest propagation curves, but arbitrarily assumes TV
receiver antenna directivity. The signal reference level is
determined at the TV Grade B contour.

Plan 3, the selected plan, is essentially the same as Plan
2, and since antenna directivity is not assumed, the separation
is greater. Current, more accurate propagation curves are used.
The signal reference level is determined at the TV Grade B contour.

Plan 3 is consistent with the Federal Communication Commission's
previous decision. It provides the the maximum separation range
(mutual interference protection) and does not use directional
antennas to reduce the minimum mileage separation requirements,

These criteria make Plan 3 a reasonable choice.

CONCLUS IONS OF THE SECTION

The complex issue of spectrum sharing between Land Mobile
and Broadcast Services must include consideration of mutual inter-

ference, administration and spectrum utility.
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Our findings regarding Plan 3 should not be construed as an
endorsement of this as a solution; rather it recognizes that
adequate, or even more than adequate, protection to TV is manda-
tory. Instances in which interference has been an issue between
television and land mobile have been resolved at the expense of
the latter. Therefore, prudence distates that the technical
criteria for sharing must be, if anything, over-protective.
While Plan 3 meets this test, it does not provide for any mean-
ingful spectrum utility for the Land Mobile Radio Services.

Assuming arguendo that sharing under Plan 3 did satisfy
land mobile needs, there is no guarantee that there would be
unanimity on the question of whether the protection to television
is sufficient. As a practical matter, mutually acceptable criteria
would have to be developed. The experience which the FCC, land
mobile, and broadcast has undergone during the pendency of the
Notice of Inquiry in Docket No. 15398, adopted March 23, 1964,
in seeking agreed technical criteria for sharing VHF channels does
not present a sanguine prospect. No solution is in sight for the
VHF environment after almost five years. The likelihood of solving
the lower UHF sharing problems in any shorter time peroid is cer-

tainly not promising. Even if such an agreement were conceived,




it would be an awkward arrangement administratively, requiring
extensive engineering filings by each potential land mobile user.
Each in turn would have to be reviewed and acted upon by the
Commission's staff.

The net result, at best, would be costly, minimum relief for
a few. Thus, whether Plan 3 does provide reasonable, or adequate,
or excessive protection for television becomes a distinction with-

out a difference. If it is inadequate, land mobile would be

precluded from operating almost totally; but even if television

would be left unsullied, a crucial defect still remains: it does

not provide adequate relief for the Land Mobile Services.
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EXHIBIT 8

EXAMPLES OF LAND AREA GROWTH

PROJECTIONS IN METROPOLITAN AREAS

The attached maps depict the maximum Urbanized Area Boundary limits which

are expected to exist in 1980. These limits were determined and drawn

from a review of the following sources.

1. The Census Bureau's "check" boundary outlines for the 1970 Urbanized
Area Census review contain those areas where a check will be made of
the population density; this in turn will be used to determine if the
area should be contained within the Urbanized Area Geographical limits.
These "check" boundary outlines were used in projecting the direction
and amount of land area growth.

2. The book, "Dimensions of Metropolitanism" by Jerome P. Pickard (1967)
of the Urban Land Institute contains projections of Urbanized Area
population and total land area in square miles out through the year
2000. The projected land area increases for the urbanized areas
were compared for the years 1960 and 1980 to obtain a percentage
increase in square miles area (See Fiqure 3).

3. Using the data from 1 & 2 above, maximum Urbanized Area Boundaries
were drawn for the year 1980. The term maximum is used because in
some cases the boundary line was determined by the nearest legal
(county line) or natural (river, lake, etc.) boundary. In such

cases, the chosen legal or natural boundary line always included

the maximum square mile increase in urbanized area.




EXHIBIT 8 - LOS ANGELES-LONG BEACH URBANIZED AREA
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EXHIBIT 8

DETROIT URBANIZED AREA
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EXHIBIT 8 CHICAGO-NORTHWESTERN INDIANA URBANIZED AREA
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EXHIBIT 8 - NEW YORK-NORTHEASTERN NEW JERSEY URBANIZED AREA
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EXHIBIT 8 - SAN FRANCISCO-OAKLAND URBANIZED AREA
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EXHIBIT 8 - PHILADELPHIA URBANIZED AREA
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EXHIBIT 9

EFFECTS OF THE POWER AND ANTENNA HEIGHT

RESTRICTIONS ON LAND MOBILE RANGE

Information has appeared in several publications on the
loss encountered by radio signals in urban areas. Most of the
information available relates this loss to theoretical or smooth
earth values of signal. The figures given then, are not directly
applicable to the published Federal Communications Commission
(FCC) information given in reports R6602 or R6406. This is
because the F.C.C. information already contains some modification

factor of the theoretical values of predicted signal.

Briefly summarizing the various factors:

X K. Bullington of Bell Telephone Laboratories states that
in New York City the median field intensity at street level
for random locations is about 25 db below the signal pre-
dicted by plane earth calculations. Ninety percent of the
locations are less than 35 db below the plane earth field
strength. This loss is stated to be essentially independent

of the frequency band.

2 . W.R. Young, in plotting signals in the New York City area,

shows several graphs of signal versus distance. At 450 Mc.,
the median appears to fall approximately 32 db below the

theoretical value of the signal, when distances 5 miles or
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less from the base station are considered. At distances
greater than this, other effects obscure the results.

The Allocations Committee of the Land Mobile Advisory
Committee (Working Group 6) found that in the downtown

areas of large cities the shadow losses at street level

may be in the order of 30 db or more for frequencies in

the range of 40 to 150 Mc. It was also stated that the
received signal may vary as much as 20 db within a distance
of a few feet because of wave interference caused by
reception of multiple reflected signals.

Since trees lining city streets contribute significantly

to radio signal losses in the 450 Mc. region, they must be
considered in any realistic prediction of urban radio cover-
age. A report made by A.D. Ring and Associates for the

Land Mobile Advisory Committee states that studies at
frequencies near 500 Mc. led to the conclusion that these
losses, as referred to smooth earth field, were on the order
of 30 Pf decibels, where Pf is the average percentage of
tree cover in a given area. It further states that the
actual losses at any individual location may depart sub-

stantially from the average losses for the area.

There appears to be a spread of values describing the loss

that could be encountered in a city. A figure of 30 db has been
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chosen for calculation purposes, since it is in the center of
the spread.

This 30 db value will be added to the theoretical smooth
earth calculations to describe the actual field strength avail-
able in city streets at 450 Mec.

Figure 1 shows a plot of field strength versus distance
calculated from the Bullington plane earth method. The dashed
line at the bottom of the plot shows the same Bullington cal=-
culation considering the 30 db factor. The predicted information
using F.C.C. reports R6602 and R6406 are also plotted for
comparison. Distances less than 5 miles were not plotted, since
there is wide divergence between methods in this range. A

transmitting antenna height of 100 feet and a 6 foot mobile

antenna height is assumed. Radiated power of 1 kilowatt e.r.p.

is plotted in order to be consistent with the F.C.C. curves.
Figure 2 shows the field strength versus distance with a 500
foot antenna height assumed at the base station.

Note that on both Figures 1 and 2, the predicted field
strength curve for any distance between 5 or 20 miles is about
16 db below the F.C.C. information contained in report R6602.
The corrected value of signal strength in an urban area can
thus be obtained from these figures. This information with all

correction factors applied is plotted in Figure 3.
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To determine useful mobile range, it must first be decided
what signal strength constitutes adequate service. F.C.C. re~-

port R6406 sets some limits for this in the Domestic Public

Land Mobile S ervice. For the 450 Mc. band, 25 dbu is considered

the median signal strength for commercially acceptable service.
It is important to note that this is the median. While this
grade of service would be acceptable for _gome industrial radio
users, most would need 39 dbu which the referenced report gives
as the required signal for 907 reliability. Police, Fire, and
other Public Safety users of land mobile systems where safety
of life and property are concerned would require nearer to 99%
reliability.

The above figures are based on equipment performance of
the early 1950's. The F.C.C. report states that the receiver
sensitivity assumed was -138 dbW, or about 0.9 microvolt. Since
that time, equipment has improved somewhat so that receiver

sensitivities are now in the order of =143 dbW, or 0.5 micro-

volt.
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Construction of Figures 1 and 2

From Report R6406 - Technical Factors Affecting the

Assignment of Facilities in the Domestic

Service, by Roger B. Carey.

2
E = Pr f
(3.12 X 10-11> % where E

Pr =

If F is field strength expressed in

per meter,

F = 20 logloE = 105 + 10 1og10 f

Public Land Mobile

field strength in
microvolts per meter

frequency in mega-
cycles

receiver input power -
watts

db above 1 microvolt

For a 1 microvolt signal across 50 ohms impedance:

F = 105 + (-137) + 54 Pr = e = (1 x510'6)
- 0

z~

F= 22 dbu Pr = 2 x 10-1%4 watts

Since 1 microvolt =<137 dbW = +22 dbu,

then =137 - 22 = 22 dbu - 22

or =159 dbW = 0 dbu

To be consistent with F.C.C. information, prediction in-

formation will be referenced to 1 kw radiated power (30 dbw).
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Path loss necessary to give a 0 dbu or ~159 dbW signal,
is the difference between 1 kw (30 dbW), and =159 dbw

+30 dbw - (~159 dbw) = 189 db

If the actual path loss is less than this value, the
amount by which it is less is the signal in dbu

189 - Path Loss = Signal (dbu)

The information in Figure 1 was found in the following
manner: The Bullington Method of predicting path loss is de-
scribed in his paper appearing in the October 1947 Proceedings
of the I.R.E. entitled ''Radio Propagation at Frequencies Above

30 Megacycles'.

Distance from | Bullington Plane | Bullington Earths | Total | Resulting
Station - Miles | Earth Loss - Curvature Diffraction| Path Signalin dbu
100 ft to 6 ft. Loss at 500 Me. Loss ‘ with 1 kw
Antenna Hts. (Median) | xmtr
Dipole Antennas 189-EL = dbu
5 mi. 117 db 1 db 118 db 71 dbu
10 128 3 L3l 58
15 135 6 141 48
20 141 8 149 40
25 144 12 | 156 33
30 | 148 15 163 26

The Bullington information on Figure 2 was generated the same

way, except the antenna height was 500 feet.
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The limiting antenna height specified for this method
at 500 Mc. is about 70 feet. However, Bullington states that
if either antenna is as much as twice as high as this limiting
height, the method indicates a loss that is too great by about
2 db. This small error has been neglected in these calculations.
Ground conductivity effects are negligible at these frequencies,

and have also been neglected.

It must be emphasized that the preceding calculations are
for Domestic Public Radio Service users whose reliability
requirements are substantially less than those of Private Land

Mobile users.
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EXHIBIT 10

FACTORS INFLUENCING THE RELIABILITY OF 450 MHz MOBILE

COVERAGE IN METROPOLITAN AREAS

There are a number of important practical engineering
factors which must be applied to theoretical propagation pre-
dictions in order to provide the signal coverage reliability
required for land mobile operation in metropolitan areas.

Some of these factors are due to obstructions such as
terrain roughness and trees, multipath effects, urban area

losses, and building losses.

OBSTRUCTIONS

An article by John Egli1 contains some of the most com-

plete data available comparing the use of various frequencies

in irregular terrain. The same data can also be applied to
determine the unique losses found in cities. Equation 4 on
page 1385 gives the theoretical value of signal modified by
empirical results observed in areas of rough terrain. Figure 1
of this article gives a correction factor that must be applied
to theoretical propagation predictions when used for areas of
rough terrain. Note the increase at the higher frequencies.

Egli also indicates another correction factor to apply for

L Egli, John J., Radio Propagation Above 40 MHz Over
Irregular Terrain, Proceedings of the I.R.E., October 1957,
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more reliable radio coverage, that is to achieve a given signal
strength at 907 of the locations rather than at only 50% of the
locations. This correction factor is shown in Figure 4 on page
1386, and also increases with frequency. The combined effect
of these factors is shown in Figure 6 on the same page.
To observe the effect of these factors on range in a
mobile radio system, let us apply the F.C.C, range curves shown
in Figures 1 and 3 of Commission Report R6406. On page 3, the
Commission states that 25 dbu is the median field strength
required for commercially acceptable service in the 450 MHz
band. When operating in this band, the range for a 100 ft.
antenna height and a 1 kw radiated power is predicted to be
22 miles over smooth earth. A correction factor of 35 db is
necessary to achieve coverage in 907 of the locations at 450MHz;
this means that the system must be designed for a field strength
of 60 dbu. The predicted distance then is approximately 5 miles.
An additional loss not mentioned in the above referenced

article is tree loss. This becomes highly significant at 450

2

MHz. Examples in Bullington® point this out. Also, tests in

the UHF television band3 indicate that tree loss is almost

Bullington, K., Radio Propagation Fundamentals in The
Antenna Handbook, by Jasik, McGraw-Hill, 1956.

3 Head, H.T., The Influence of Trees on Television Field
Strengths at Ultra High Frequencies, Proceedings of the I.R.E.,
June, 1960, pg. 1020, Fig. 8.
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negligible at 40 MHz, but is 20 to 30 db at 470 MHz. These
losses can occur even in flat terrain and will drastically cut
range in the UHF region. This can easily be seen if they are

applied to the prediction curves as in the previous example.

MULTIPATH EFFECTS

The factors previously discussed describe the variation
in signal loss in an area which may typically be a few hundred
feet in diameter. If careful measurements are made, it will
be found that the signal strength will vary considerably if
the receive antenna is moved only one or two feet. This effect
is due to alternate reinforcement and cancellation of multiple
signals reflecting from surrounding objects. A discussion
can be found in Egli's work under the heading Terrain - Small
Sector Field Strength Variation. A graph of distance vs. signal
strength is shown in his Figure 10. While the signal dip is
sharp, it is quite deep, and can easily cause a signal to be
below receiver threshold, if the antenna happens to be in the
null. Also, at 450 MHz, there can be a deep null every foot
in certain directions of travel.

When a vehicle is in motion, the multipath propagation
tends to average out, and it manifests itself as an annoying

flutter that reduces voice intelligibility. However, for

slowly moving vehicles or portable unit communication, moving

through the signal dip may take appreciable time, and part of

the message can be lost if the antenna is in the signal dip or
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null. The radio system designer must design for higher signal
strengths to reduce this possibility when stationary vehicle
margins must be applied.

Egli's Figure 8 shows the statistical distribution of the
multipath signal variation. For 997% of the locations within
a small area, a maximum dip of 18 db in signal strength would
be expected. 1In 1% of the locations, a dip greater than 18 db
would occur.

This multipath margin must be considered in addition to
the margins for terrain or building variations when still

vehicle conditions must be accommodated.

URBAN AREA SIGNAL LOSSES

Experience has shown that in large cities, buildings and
trees cause significant degradation to radio signals, parti-
cularly in the UHF region. Bullington reports that the median
field intensity at street level for random locations in Man-
hattan (New York City) is about 25 db below the theoretical
plane earth value. Ten percent of these locations may have
a loss in excess of 35 db. This data is for frequencies between
40 and 450 MHz. Losses as high as these will reduce the depend-
able range of a Land Mobile radio system to far less than the

theoretical values.
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. SIGNAL LOSSES IN BUILDING INTERIORS

With the increasing use of portable radio equipment more
Land Mobile radio users are requiring coverage inside of buildings.
Bell Laboratories has made measurements of the signal losses in
skyscraper type buildings.4 Median building loss (which was
measured relative to the street immediately outside the building)
was found to be 24 db at 35 MHz, and 22 db at 150 MHz. A radio
system designer would not use these median values, since the
system reliability would be only about 507%. Range calculations
would more likely be made using the values exceeded only 107%
of the time. These were measured to be 43 db at 35 MHz, and 38
db at 150 MHz. Little information exists on building losses
at 450 MHz, since portable equipment in this range has not been
available for a very long period. Preliminary work indicates
that losses in this band will be a few db less than those for
150 MHz.

The building loss must be added to the urban area loss
mentioned previously. The radio signal initially encounters
a high loss (the urban loss) as it propagates from the trans-
mitting antenna to the streets in the vicinity of the building
to be covered; then a further loss (the building loss) is en-

countered as the signal penetrates into the building walls.

4 Rice, L.P., Radio Transmission Into Buildings at 35 and
150 Mc., Bell System Technical Journal - 1959.




137

-6=

These two losses combine to restrict dependable radio coverage
inside buildings to only a few miles from the transmitter,

even with the use of high power and high antenna sites.

SUMMARY

In summary, there are several factors which must be con-
sidered when a realistic calculation of signal strength or
coverage range is to be made in urban areas. Classical radio
propagation theory, if used alone, will give highly misleading
results since it assumes idealized conditions. Empirical
factors must be added to the theory to account for the actual
environment in which the radio system is to operate. These
factors include terrain corrections, tree loss correction,
multipath losses, urban area losses, and where applicable,

building losses. All of these factors must be accounted for

in either higher land mobile transmitter power or greater antenna

height above average terrain.
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EXHIBIT 10

Radio Propagation Above 40 MC Over

Irregular Terrain®
JOHN J. EGLIt

Summary—Radio transmissions in the vhf and uhf frequency re-
gion over land areas always contend with the irregularities of the
terrain and the presence thereon of dispersed quantities of trees,
buildings, and other man-made structures, or wave propagation in-
cumbrances. The determination of path attenuation is not easily
satisfied by simple, curved, or plane earth calculations. However,
quantitative wave propagation data are available in varying degrees
which take into account conditions experienced by fixed-to-fixed and
fixed-to-moving transmissions over irregular terrain. This available
statistical wave propagation information on terrain effects vs fre-
quency, antenna height, polarization, and distance is analyzed, ex-
pressed by empirical formulas, and presented in the form of nomo-

graphs and correction curves amenable for use by the systems engi-
neer.

INTRODUCTION

ADIO transmissions above 40 mc more often than
R not take place over irregular terrain so that the
ordinary method of calculating propagation at-
tenuation over plane earth, curved earth, and simple
diffraction edges becomes unsatisfactory. As one moves
about in irregular terrain in a vehicle, the received signal
is characterized by a slow variation dependent on the
major features of the terrain and on distance, and by a
* Original manuscript received by the IRE,

revised manuscript received, June 7, 1957.
t U.S. Army Signal Eng. Labs., Fort Monmouth, N. J.

February 5, 1957,

fast variation about the median in a small sector wich
is independent of the transmission distance but is de-
pendent on the speed of the vehicle and on the frequency
of the transmission.

In the practical sense, the systems engineer is inter-
ested in knowing how well his equipment will be able to
service an area, or how well his equipment will cover
many areas in a very large area. Some of these areas
may typify curved earth while other areas may be highly
mountainous; all others will be in between these areas
in terms of surface irregularity.

This irregular terrain has dotted on it, trees, build-
ings, and other man-made wave propagation encum-
brances. If one could run the entire gamut of terrain
conditions in a statistical manner and arrive at the
transmission loss which would have to be designed into
a system at a given frequency to provide the desired
coverage, it would appear that such information would
be invaluable to the systems engineer.

Fortunately, such data have been collected and stud-
ied by the Federal Communications Commission for use
in connection with their studies of the vhf and uhf tele-
vision allocation problems and by others in connection
with mobile service.
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The majority of the terrain data,' on which the fol-
lowing material will be derived, are based on survey
data taken by commercial organizations in various
parts of the country including New York, N. Y.; Wash-
ington, D. C.; Cleveland, and Toledo, Ohio; Harrisburg,
Easton, Reading, Pittsburgh, and Scranton, Pa.; Kan-
sas City, Mo.; Cedar Rapids, lowa; San Francisco,
Calif.; Bridgeport, Conn.; Nashville, Tenn.; Fort
Wayne, Ind.; Richmond and Norfolk, Va.; and Newark,
N. J. In each of these locations, a number of radials
were investigated. In all, over the uhf range, 288 to 910
mc, 804 miles on 63 radials are represented in the data.
The method of measurement, while not the same at all
locations, falls into three categories: continuous mobile
recording sampling every 0.2 mile, spot measurements
properly weighted so as to be considered unbiased, and
clusters of measurements. In the vhl region, 50 to 250
me, approximately 1400 measurements, consisting of
continuous data analyzed over 1-mile and 2-mile sectors,
are included in the data.

In discussing service area, we will be concerned with
expressing the percentage of locations one could expect
to cover statistically at a predescribed distance. Thus,
if one arbitrarily divides a 10-mile circle into 100 equal
parts with each division represented by a point (loca-
tion) and superimposes this configuration on the statisti-
cally derived landscape represented by the data, then
10 per cent coverage would mean that 10 of the points
(locations) would receive satisfactory or better trans-
missions, while at the balance of the points reception
would not be possible. Likewise, when considering 90 per
cent coverage, 90 of the 100 points would receive trans-
missions while the balance would have no reception.

Actually, in dividing the circle into 100 locations, it
was assumed that these locations represented the median
value of signals in the immediate vicinity of the location,
since one finds that in the immediate vicinity of a given
location, say a few hundred feet, there will be fine varia-
tions in received field strength.

TERRAIN-FREQUENCY, DISTANCE DEPENDENCE

The theoretical plane earth field strength expression
is given by

i
Ew—
054 s

where

E =field intensity in microvolts per meter
hy=transmitting antenna height in feet
h, =receivine antenna height in feet

1 H. Fine, “UHF Propagation Within Line of Sight,” FCC, TRR
Rep. No. 2.4.12; June 1, 1951. Contains material taken from K. A.
Norton, M. Schulkin, and R. S. Kirby, “Ground Wave Propagation
Over Irregular Terrain at Frequencies Above 50 MC,” Ref. C, Rep.
of the Ad Hoc Committee of the FCC for the Evaluation of the
Radio Propagation Factors (_:oncerning the Television and Fre-

uency Modulation Broadcasting Services in the Frequency Range
etween 50 and 250 MC; June 6, 1949,

PROCEEDINGS OF THE IRE

October

f=transmission frequency in megacycles
d =distance from transmitter in miles
P,=cflective radiated power in watts.

Eq. (1) is limited to those geographical areas which
are similar to plane earth, such as relatively short over-
water and very flat barren land paths. Even in these
areas man has crected bridges, Texas towers, billboards,
and so forth, which alter considerably the propagation
characteristics as expressed by the theoretical plane
earth formula.

While the theoretical received field strength increases
with frequency, all other constraints being the same, it
is important to note that the voltage across the input to
a recciver will be the same at all frequencics when the
receiving antenna is a half-wave dipole. However, if the
antenna at the higher frequency is constructed so that
it presents an effective area equal to that of the half-
wave dipole at the lower frequency, then this increased
field strength at the higher frequency will be realized as
increased voltage at the input to the receiver.

The measured field strength data! over irregular ter-
rain were compared with what one could expect over
plane earth rather than curved earth, since the best
median field strength data fit for distances up to 30 to
40 miles shows that the inverse distance squared trend
for plane earth is better than the curved earth field, at
least for low antenna heights. Beyond 30 miles to 40
miles the data are sufficiently meager as to be unworthy
of analysis as a representive quantity of data. There-
fore, the median field at a given frequency can be de-
scribed by the theoretical plame earth field intensity, less
the median deviation therefrom. This median deviation
data from the theoretical plane earth field, called ter-
rain factor, is shown in Fig. 1. The straight line on this
figure very nearly passes through all the FCC data, and
it will be noted that the deviation from the plane earth
field strength varies inversely with the frequency and is
independent v rlistance. The intersection of this line
with the theoretical plane earth field strength is at
40 mc, so that the variation with frequency is with re-
spect to this frequency.

With this statistical information, (1) becomes em-
pirically for the median field at the 50 percentile loca-
‘ions, Eg, independent of {requency

This Eg field strength may be obtained quickly from
the nomograph, Fig. 2.

The thcor.etical plane earth received power between
half-wave dipoles (3) is independent of frequency.

hoh\?
P, = 0.345 (l) Pe X 1014, 3)

a2

Making use 9!’ the power law variation with frequency
for the median deviation from the theoretical plane
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Fig. 1--Median terrain factor for fixed-to-vehicular or mobile service.

earth field, Fig. 1, (3) becomes empirically,
hoh\?/40\?
Pyo = 0.345 (—‘—) (—) Py X 10714,
AV,

Egs. (2) and (4) show that nature, by interposing
terrain features, has essentially placed in juxtaposition
the frequency dependence of the field strength and re-
ceived power above 40 mc over plane earth. Thus, while
the theoretical received field strength over plane earth
increases with frequency, the median received field in-
tensity above 40 mc over irregular terrain is independent
of frequency, and while the theoretical received power
between half-wave dipole antennas is independent of
frequency, over irregular terrain the median received
power above 40 mc varies inversely as the frequency
squared.

For the purpose of the systems engineer, in making
irregular terrain calculations it is preferable to use the
plane earth received power (3) shown in nomographic
form in Fig. 2, in its theoretical form because field
strength, median value statistically derived, and re-
ceived power theoretically derived are, at this point of
exploration of irregular terrain propagation, independ-
ent of frequency.

It is interesting to note that if one determines from
diffraction theory the depth of hills? which will result in
the median loss of Fig. 1, the statistical irregular terrain
can be conceived as hills with a depth of about 500 feet.
[t is also interesting to note that the New York west
radial terrain over which data are available® has an ir-
regular depression of about 500 feet, 12 miles in extent
and distance from the transmitter. Most of the data
were accumulated in this portion of the radial, and the
median values below plane earth theory are shown in
Fig. 1 as the composite for the entire radial.

At this point in the paper it will be well to assume a
rather simple problem and use it as a means of exempli-
fying the development of the material to be presented.

(%)

* K. Bullington, “Radio propagation variations at vhf and uhf,”
Proc, IRE, vol. 38, pp. 27-32; ﬁmur\ry. 1950.

1 G. G. Brown, J. Epstein, and D, W, Peterson, “Comparative
propagation measurements; television transmitters at 67.25, 288,
510 and 910 megacycles,” RCA Rev., vol. 9, pp. 171-201; June, 1948
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“50 PERCENTILE LOCATION
MEDIAN FIELD STRENGTH.

Fig. 2—Received power over plane earth and 50 per cent location
median field strength—one watt radiated.

Assume:

Transmission frequency, 150 mc

Dipole antennas, half-wave

Transmitting antenna height, 100 feet
Receiving antenna height, 10 feet

Service range, 10 miles

Service to 90 per cent of locations at 10 miles
50 ke IF bandwidth

Suburban noise

No transmission line losses.

Required: Transmitter power output,

The theoretical received power in db below one watt
will be from Fig. 2, 119 dbw. The field strength at 50
per cent of the locations, Fig. 2, will be 17.5 db above
one microvolt per meter, one watt radiated.

TERRAIN-FREQUENCY DEPENDENCE

If one explores the data! in terms of the distribution
of received field strength over irregular terrain, one finds
that the over-all terrain distribution when plotted in
decibels above the theoretical plane earth attenuation,
is log-normally distributed. Thus, on probability paper,
the terrain distribution will appear linear and may be
described by its median value and standard deviation,
Fig. 3. The terrain distribution of field intensity in the
vhf band, taken at a center frequency of 127.5 mc ap-
pears to have an over-all standard deviation of 8.3 db,
while the terrain distribution of field intensity in the
uhf region centered around 510 mc, appears to have an
over-all standard deviation of 11.6 db. Of course, the
median deviation from theoretical plane earth field is
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strength terrain factor,

displaced 12 db by the terrain factor for the two fre-
quencies, Fig. 1. From this standard deviation data,
Fig. 4 has been prepared which permits the determina-
tion of the correction factor to the Eg field strength when
the received field strength to other than the 50 percentile
location is desired. For example, as previously deter-
mined, Fg was 17.5 db above one microvolt per meter.
Applying the terrain correction factor of —11.5 db for
the90 percentile location results in a median received field
strength at the 90 percentile location of 6 db above one
microvolt per meter, one watt radiated. This value of
field strength does not exceed the free space value for 10
miles of 53 db above one microvolt per meter obtained
from Fig. 5. Under conditions of greatly increased an-
tenna heights and/or service to a small percentile of
locations, the calculated field strength could exceed the
free space field. If such is the case, the free space field
should be used. It is interesting to note that while the
median field strength (2) and terrain factor for 50 per
cent of the locations (Fig. 4), are independent of fre-
quency, for percentages of locations less than 50, the
field strength increases with frequency, and for E, 3 the
field strength varies as f/%, Likewise for percentages of
locations greater than 50, the field strength decreases
with frequency and for Egz varies inversely as f1/2,
l.ikewise, Fig. 6 has been prepared to reflect the cor-
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rection factor to the theoretical plane earth received
power imposed by irregular terrain. The Py value fol-
lows an inverse frequency squared relation as per (4), at
Pyrq an inverse frequency cubed relation, and at P,
an inverse frequency relation. As previously determined,
the theoretical received power is —119 dbw. The terrain
correction factor for the 90 percentile location at 150
mc is —23 db, and the received power at this location
will be —142 dbw, or the half-wave dipole-to-half-wave-
dipole path attenuation for this degree of service is 142
db. The free space received power is —95.4 dbw from
Fig. 3 which exceeds that for the 90 percentile location.
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TERRAIN-TRANSMITTING ANTENNA
HEIGHT DEPENDENCE

The transmitting antenna height, used in conjunction
with the data! is defined as the height above the median,
2-10 mile terrain level. This rule has not proven as re-
liable as one might expect, since it does not take into
account the terrain within 2 miles or beyond 10 miles.
For purposes of this report the effective height of the
antenna will be the height of the antenna above plane
earth. In actual practice the transmitting antenna
heights could be taken as the effective height above local
terrain. For all practical purposes, the data confirmed
that the received field strength increased linearly with
transmitting antenna height. Transmitter height-gain
tests made around the New York area* seem to indicate
that in poor service locations the effect of transmitting
antenna height increase is somewhat less than one would
theoretically predict. In median or 50 percentile loca-
tions the height gain would approximate the theoretical
expected height gain, and for good service locations the
height gain would be somewhat more than the theo-
retical. For purposes of this paper, the {ormulas and
nomographs reflect a linear high gain for transmitting
antenna height.

TERRAIN-RECEIVING ANTENNA
Heicut DEPENDENCE

Receiving antenna height is the effective height above
local terrain. The data do not appear to support any
clear-cut variation of field strength with change in re-
ceiving antenna height. For receiving antennas which
clear surrounding terrain features, the height gain ap-
pears to be linear. For receiving antennas which do not
clear the surrounding terrain features, no orderly pat-
tern is discernible. However, test results analyzed sta-
tistically,' show that in the 6 to 30 feet category, the
field strength appears to support a square-root height
gain variation. Above 30 feet, the height gain is linear.
This variation is reflected in the nomograph of Fig. 2.

In practice, when using low antenna heights, as
pointed out in the New York tests,* the dependence of
field strength upon receiving antenna height is quite
variable. When locating in a given area, within the con-
fines of available antenna height, the maximum field
strength should be found.

TERRAIN FADING

Both the vhf and uhf studies indicate that the time
fading is much smaller for the distances involved than
the terrain variation, and may be neglected as a power
balance factor in equipment design. In the fear of being
misunderstood, suppose equipment is designed for ve-
hicular operation to cover 90 per cent of the locations, at

¢ J. Epstein and D. W. Peterson, “An experimental study of wave
propagation at 850 me,” Proc. IRE, vol. 41, pp. 595-611; May,
1953.
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10 miles from the transmitter. Based on statistical ter-
rain data, the variation in median signal throughout the
terrain is far in excess of what the long-time fading
would be between two fixed locations. However, fading
becomes important for fixed service work. A subscriber
land-based for an extended period of time in a poor loca-
tion, marginal signal, might well compensate for the
long-time fading which will ensue by moving to the
optimum spot in the small area in which he is to be
located, and also by having means for elevating his an-
tenna, which can now be changed to a directional an-
tenna, to the optimum height within the height-raising
capability of his antenna system. These two expedients
should compensate for time fading and be reflected in a
highly reliable transmission circuit.

TERRAIN-ANTENNA POLARIZATION

Theoretically, over plane earth at antenna heights
greater than a wavelength and for small angles between
the direct and reflected rays, as is the case for irregular
terrain transmissions, polarization has negligible effect
on the behavior of radio waves above 40 mc. Experi-
mental evidence®® over irregular terrain of the received
characteristics of polarized waves appears in general to
verify the above. While it appears that vertical polariza-
tion is somewhat better directly behind hills or deep in
the shadow area, horizontally polarized waves afford
better reception in back of, but away from, the deep
shadows of hills. In wooded areas, the attenuation is less
for horizontally polarized transmissions than for ver-
tically polarized transmissions below 300 to 500 mc. In
total, little difference can be detected in the average
propagation characteristics.

There is one exception to the latter statement and
it concerns propagation using antenna heights less than
one wavelength. In this case the ground wave is domi-
nant and theoretically vertical polarization provides an
apparent height gain over horizontal polarization.” This
effect is shown in Fig. 7 and pertains only to vertical
polarization since for horizontal polarization the effect-
ive height is essentially the actual height at frequencies
above 40 mec. As shown in Fig. 7, the effective height
also depends on the conductivity of the soil over which
the transmission will be effective. Unfortunately, as far
as the author knows, terrain-statistical data are lacking
on the propagation effects resulting from the use of very
low vertically polarized antenna heights in the lower
vhf region. Until such time as this theoretical informa-
tion can be placed in dispute statistically by tests, it is

b J. S. McPetrie and J. A. Saxton, “An experimental investiga-
tion of the propagation of radiation having wavelengths of 2 and 3
meters,” J. IEE, vol. 87, pp. 146-153; August, 1940.

¢ J. A. Saxton and B. N. Harden, “Ground-wave field-strength
survevs at 100 and 600 mc/s,” Proc. IEE, vol. 101, part 3, pp. 215-
221; July, 1954.

7 K. Bullington, “Radio propagation at frequencies above 30
megacycles,” Proc. IRE, vol. 35, pp. 1122-1136; October, 1947,
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proposed that when vertically polarized transmissions
are under consideration, Fig. 7 be used in finalizing the
effective height of low antennas.

In our problem at 150 mc with an antenna height of
10 feet it can be seen from Fig. 7 that even with vertical
polarization this height is also the effective height. If
the problem had been one of transmission at 40 mc, then
in using Fig. 2 the height would have remained the same
for poor soil conditions, but would have to be taken as 23
feet over good soil conditions.

TERRAIN-SMALL SECTOR FIELD STRENGTH VARIATION

As noted earlier, there is a fine amplitude variation
about the median in a small distance or area which is
independent of the distance from the radiation source.
Some studies indicate that these fine variations of field
strength have a normal distribution' which appears to
be independent of frequency with a standard deviation
of 5.5 db. Other studies,® indicate a Rayleigh distribu-
tion, Fig. 8. The latter appears more likely because the
studies which indicate a normal distribution were taken
over distances which perhaps exceeded the small sector
variation. However the Rayleigh type fading may only
occur and be applicable in areas replete with buildings,
etc. In open areas the distribution may be log-normal
over a small sector. Between the 10 and 90 per cent
values of these distributions there is very little difference
in the two distributions. The amplitude distribution is
the same at all frequencies indicating that the range of
constructive and destructive phase interference or
standing wave effects is complete. However, the number
of constructive and destructive interferences increases
in a given distance or area with frequency.

Tests® conducted in the Phoenix, Ariz. area indicate
that the average vehicle travel between these fine signal

* W, R. Youug, Jr., “Mobile radio transmission compared at 150
to 3700 mc,” Bell Sys. Tech. J., vol. 31, pp. 1068-1085; November,
952,
! S. C. F. Meyer and D. Soule, “Field Strength Study,” Motorola,
Ine.; February, 1956. Work performed under Signal Corps Contract

DA-36-039-sc-64737.

minima is one wavelength in free space, while in the di-
rection away from or toward the radiation, the distance
between signal minima is the free space half-wave
distance. With this information, in vehicular service
the small sector amplitude fluctuations in received car-
rier level will increase in rapidity with frequency and
the speed of the vehicle, or

4 = Lr and in practical terms,
A/2

where 4 is the average amplitude fluctuation rate in cps,
f is the radio carrier frequency in mc, and v is the veloc-
ity of the vehicle in the direction of transmission in
miles per hour. For ready use, (5) has been prepared in
the form of a nomograph, Fig. 9. It shows, for example,
that at 150 mc the received field in a vehicle traveling at
40 miles per hour in the direction of transmission would
have an average fluctuation rate of 18 cps. For vehicular
service, this is the rate which would have to be con-
sidered in the design of age circuitry with the audio or
intelligence pass band designed above this frequency.

The small sector variations at 90 mc!® appear to be
small in open flat country and much greater in built-up
areas as might be expected. The variations in built-lip
and treed areas appear greater for vertically polarized
transmissions than for horizontally polarized trans-
missions.

Another characteristic of these variations which one
would expect is that the higher the frequency, the
steeper the fall and rise in field strength. In general, the
variations appear to be deeper with the time between
rise and fall smaller. Maximum envelopes occurring dur-
ing a test® are shown in Fig. 10. At 15 db down, the
“outage time” on 459 mc may be in the order of a few
milliseconds at vehicle speeds of 40 miles per hour with
perhaps no noticeable effect on speech transmissions,
whereas at 156 mc the outage time at this level could
cause the loss of voice information,

Unfortunately, data were not found which would per-
mit an expression either quantitatively or qualitatively
as to the useful distribution or design point criteria of

A =0003f0 (5

10 H}; Kirke.g(l)l. A) Rn}wden} and G. I. Ross, “A vhf field-
strength survey on 90 me/s,” Proc. IEE, vol. 98, t 3, pp. 343-359:
September, 1951. M ¥ 4 7 g
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these small sector field strength variations. It may well
be, at least for the present, that equipment should be
designed to the median value of these find grain varia-
tions for the percentage of locations service desired.

TERRAIN-WIDE MoDULATION BANDWIDTH EFFECTS

The field strength variations discussed so far have
been those taken over a very narrow bandwidth of the
transmission frequency. On wide-band systems distor-
tion effects may be introduced resulting from propaga-
tion via more than one path. These distortions may
cause cross talk in multichannel voice systems, or
shadows in television reception. This subject will be
touched on lightly because not very much statistical
data are available nor is literature available on the ef-
fects of multipath propagation on various types of
modulation. The severity of multipath distortion!! ap-

D, W, Peterson, “Army Television Problems Phase 11 Tasks 1
and 2 Final Report,” January, 1956, RCA, Work performed under a
Signal Corps Contract No. DA-36-039-sc-64438.
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Fig. 11—Echoes in vehicles from a fixed transmission,

pears qualitatively to be independent ol frequency and
wave polarization, at least within the frequency range
of 60 to 3300 mc. The consequences of multipath propa-
gation are not serious for fixed transmission conditions,
yet may be very serious in moving situations. For fixed
service, movements of the receiving antenna either hori-
zontally or vertically for a distance in the order of a few
wavelengths ordinarily cleans up multipath distorted
patterns in television reception. More multipath dis-
tortion appears in highly built-up and mountainous
areas where large off-path reflecting surfaces are present.
Directive antennas greatly reduce multipath effects,!!
which means that for equal antenna apertures, the use
of the higher frequencies will result in less multipath dis-
tortion.

The only good statistical results, unfortunately unre-
lated to all of the terrain data made use of herein and
therefore not representative of all the conditions on
which this paper is based, are based on tests in the New
York area,'* where one encounters considerable, and
perhaps the worst, multipath propagation conditions. In
order to understand the difficultics one may encounter in
engineering vehicular wide band systems, the New York
data,'? have been altered (Fig. 11) to reflect the number
of echoes per second for a vehicle speed of one mile per
hour vs delay of these echoes with amplitudes between
0 and 6 db less than the strongest received signal. Thus
a remote television transmitter installed in a vehicle pa-
troling New York at 30 miles per hour would present to
the fixed television recciver a picture with thirty, 0- to
6-db echoes per second having }-usec delay, 9 shadows
per second having 3-usec delay, and so forth. Besides
this ghosting of the picture that is taking place, the syn-
chronous circuit of the television receiver is in essence
flip-lopping from the direct signal path amplitude to

17 \W, R, Young, Jr. and L. Y. Lacy, “Echoes in transmission at
450 megacvcles from land-to-car radio units,” Proc. IRE, vol. 38,
pp. 255-258; March, 1950.
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While the relationship between received signal and ¢ 018
frequency over irregular terrain has been covered pretty 18 ol
well, another important power balance factor in systems 14+ +20
design is the establishment of the noise level of the re- (a) (b)

ceiver, or the signal required to assure satisfactory com-
munication. Noise in the frequency range above 40 mc is
mainly caused by man-made noise. The general classifi-
cations are rural, suburban or small town, and urban
noise. Cosmic noise is still present up to 100 me. Col-
lectively this noise can be termed indigenous noise.

The extent to which this indigenous noise acts upon a
receiver is shown in Fig. 12, Two curves have been
drawn for suburban noise since the material for these
curves have been drawn from two separate references.®!?
The lower suburban noise curve is representative of the
median indigenous noise experienced in areas suburban
to New York, with extrapolated data shown by the
dotted portion of the curve. The urban noise data taken
from these same two references dovetailed into the same
curve. The dotted curve represents the noise figure of a
currently well-designed receiver and is shown only to
give the figure perspective. The indigenous noise can be
referenced with respect to the thermal noise, ktb, of a
receiver and is shown in Fig. 12 as the correction factor
which must be applied to ktb level, Fig. 13(b).

The difficulty in the use of these curves lies in just
what level of noise should be applied in systems design
work. Unfortunately indigenous noise data were not
collected along with the field strength data. If this had
been done a distribution of the magnitude of noise over
the areas in which the field strength data were taken
would have been available. It would appear that equip-
ment designed for general use should at least consider
the lower suburban curve of Fig. 11 with the thought

i3 [ederal ‘Telephune and Radio Corp., “Reference Data for
Radio Engineers,” 3rd ed., p. 442; J949.

Fig. 13—(a) Conversion of power to dbm. (b) Conversion of
bandwidth to thermal noise level.
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Fig. 14—Power level diagram.

that in urban areas advantage might be taken of the
height-gain in these areas.

PrROBLEM SoLuTION

The entire problem is reviewed in Fig. 14 in the form
of a power level diagram. Working the level diagram
from the ktb level of —127 dbm obtained from Fig.
13(b), for a 50 ke IF, suburban noise and not noise figure
plus approximately 12 db, establishes the lowest rf sig-
nal, —93 dbm, for an acceptable signal-to-noise ratio.
Assuming no transmission line losses to the two dipole
antennas and with the path attenuation loss over 10
miles of irregular terrain to the 90 percentile location of
142 db, one arrives at a required transmitter power of
49 dbm or 80 watts, Fig. 13(a).
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VEHICULAR-TO-VEHICULAR TRANSVISSIONS

The entire discussion thus far has dealt with the sub-
ject of fxed-to-vehicular, or fixed-to-mobile transmis-
sions over irregular terrain. It is in these subjects that
data exist, while in the feld of vehicular-to-vehicular
transmission good statistical data are nonexistent, at
least to the knowledge of the writer.

If one makes the reasonable assumption that the ter-
rain factor will not change whether we deal with the
moving-to-moving, fixed-to-fixed, or fixed-to-moving
situations, then the median signal received by a vehicle
in motion from another vehicle in motion is precisely
that given in Fig. 4. However, by statistical theory," it

Egli: Radio Propagation Above 40 MC Over Irregulacr Terrain

EXHIBIT 10
1391
M~ —— i . 1
+10 ] 1 | &-[pencent or
o S ) ] 0
3 —mys —— 2o —
R e B o et N PP —
-10 - —~] 10
- 40 b ™=
P ™ e [~
. 20 b - \'\\\ 0 T N"" 20
: ~ N = Pt
2_” o e SRy OO e, \~"_3°
2 D - ~H
-
2 _40 SIS 40
: AN ~
& g
-80 80
’ RS TS
-60 NN "N e
ho
7% 50 8 8 100 180 200 300 800

would appear that the standard deviation would be the
square root of the sum of the variances of two fixed-to-
moving distributions which in this type of transmission
can be considered of the same magnitude. Thus the
standard deviation for wvehicular-to-vehicular trans-
mission is the v/2 times the standard deviation for the
fixed-to-vehicular transmission. This is in essence the
correction factor which must be applied to Fig. 6, in
order to obtain the vehicular-to-vehicular received
power terrain factor shown in Fig. 15. If the given prob-
lem were a vehicular-to-vehicular system, fictitiously as-
suming antenna heights were maintained for this serv-
ice, the path attenuation at 10 miles to the 90 per-
centile location would be 119 db, from Fig. 2, plus 32.5
db, from Fig. 15, or 151.5 db compared to a path at-
tenuation of 142 db derived earlier in this paper for the
fixed-to-vehicular or mobile transmission. The trans-
mitter power level of 49 dbm, on Fig. 14, must be raised
to 58.5 dbm or 700 watts for vehicular-to-vehicular
equivalent service.

REMARKS

The statistical method of handling propagation over
irregular terrain can be used in frequency assignment
studies to determine the number of rf channels which
should be designed into equipment for cochannel and
adjacent channel feld service. It has important usage in
vulnerability studies of mutual interference, intentional
and unintentional jamming, and countermeasures. It
also appears to have application in spectrum allocation
studies.

Of course the burning question of how well a particu-
lar piece of equipment will act in a given environment

WA, Hald, “Statistical Theory with Engineering Applications,”
John Wiley and Sons, New York, N. Y.; 1952

FREQUENCY IN MEGACYCLES PER SECOND

Fig. 15—Vehicular-to-vehicular received power terrain factor.

is difficult to answer. If the terrain is less irregular than
the statistical irregular terrain, then better than pre-
dicted performance should result. On the other hand, in
terrain more irregular than the statistical, a poorer per-
formance should result. However, field operational pro-
cedures should be developed which permit a rapid
evaluation of the service coverege from a given location.
A possible technique for rapid evaluation is one based
on a system utilizing the “ground clutter” pattern seen
on the radar (PPI) scope.'

CONCLUSION

This paper is considered a modest start in the direc-
tion of supplying irregular terrain propagation informa-
tion applicable to systems engineering. The author en-
courages constructive criticism or the supply of data
which may be benefcial for deriving better statistical
data. FFor example, much data are required on frequen-
cies above 1000 mc; the nature of the fine variations and
their effects upon types of modulation; propagation
data on vehicular-to-vehicular transmissions; good sta-
tistical small sector variation data; and so forth.
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EXHIBIT 11

THE AMOUNT OF SPECTRUM RELIEF PROVIDED BY THE
PROPOSED GEOGRAPHIC REALLOCATION

DISCUSSION OF CURRENT USE OF SPECTRUM

Table 1 shows the percent of the 450-470 MHz spectrum
for base stations and for mobile units, that is typically
used with various authorized land mobile powers and antenna
heights. A comparison of these typical applications with
the power and antenna height restrictions set out in the
Notice of Proposed Rule Making indicates that many of the
actual operating needs of land mobile radio users will not
be met.

For example, consider the Los Angeles - Long Beach,
California area. The maximum proposed permissible power for
base stations is 100 watts ERP, and this is for only 50% of
the proposed additional spectrum; the other 50% of the spec-
trum is limited to only 25 watts ERP. Referring to Table 1

for base stations, it can be seen that only 3% of the land

mobile requirements are satisfied by the 50% of the spectrum

limited to 25 watts ERP; only a portion of 27% of the needs
are satisfied by the 50% of the proposed spectrum with 100
watts ERP (only part of the users in the 95 to 630 watt ERP

category are satisfied by 100 watts ERP or less).




Two other factors show the proposed relief for the Los
Angeles area as even less useful. First, the antenna height
restrictions shown for Los Angeles are 200 ft. AAT. Many
of the land mobile users in this area employ antenna heights
much in excess of 200 ft; a more typical height is 1000-2000
ft. AAT, because of the topography of that area. Few of the
users could achieve the coverage necessary for their every-
day operations if the antenna height were restricted to 200 ft.

Secondly, the use of the proposed spectrum is further
limited in a geographic sense. Specifically, the use of
476-482 MHz for land mobile base stations is prohibited in
the southern one-half of the Los Angeles - Long Beach area
due to co-channel separation requirements from channel 15 in
San Diego.

As a second example, consider the New York, Northeastern
New Jersey area. The base station power restriction is 400
watts ERP. However, as indicated in table 1, 62% of current
land mobile users needs are for powers in excess of this

limit. Beyond this, some portion of the 23% of those users

indicated in the 95 to 630 watt ERP category also require

more than 400 watts. Thus, between 62% and 85% of the needs
in the New York area will not be met. This same criterion

is also applicable to Detroit, Michigan, and generally to

all of the 25 metropolitan areas.
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Table 1 indicates that only a very limited amount of land
mobile needs are met with an antenna height restriction of
50 ft. However, such regions as Chicago, Minneapolis-St.Paul,
and Cincinnati are proposed to be subject to this restriction.
Spectrum relief in these cities, therefore, is certain to be
inadequate.

Finally, this data indicates that all but 7% of the
current mobile spectrum is typically used with powers in
excess of 100 watts ERP as shown in the table. However,
the Notice of Proposed Rule Making allows only a maximum of
100 watts ERP for mobiles, and this for only 6 of the 25
top cities; none of the top 5 cities are allowed to use more
than 50 watts ERP.

In summary, the proposed powers and antenna heights are
inadequate for the majority of land mobile needs when compared
with the typical facilities currently employed by the land

mobile services to satisfy their coverage requirements.

DISCUSSION OF DATA SOURCES FOR TABLE 1

The numbers indicated in table 1 werz derived primarily
from the FCC Rules and Regulations and available data. The
numbers in the first column were calculated using the 450 MHz
channel assignment data from parts 89, 91 and 93 in the Rules
and Regulations. Likewise, the input powers shown (and one

output power) were extracted from this source. As indicated




in note 2, however, 52% of the 450 MHz mobile spectrum may

be used with input powers of 600 watts; this is not typical,
and a value of 120 watts has been used.

The output power was derived from the input power by
applying typical transmitter efficiency factors. The
effective radiated power (ERP) was then calculated by multi-
plying the output power by the typical antenna gain listed.

Finally, the antenna heights shown were determined by

analyzing data available on specific users antenna heights

in several major metropolitan areas.




TABLE I

CURRENTLY USED LAND MOBILE POWERS AND
ANTENNA HEIGHTS IN THE 450 MHz BAND

PERCENT INPUT OUTPUT ANTENNA ANTENNA

OF 450 MHz POWER 1 POWER GAIN POWER HEIGHT

SPECTRUM (WATTS) (WATTS)l (db) (WATTS ERP) (FT. AA.T)3
(%)

BASE STATIONS

(POWER MUST 15 to 100 8 95 to 630
BE SPECIFIED
BY LICENSEE)

(600)
(180)
(120) 60
(60) 30

40 (20)

MOBILE UNITS
(180) 100
1202 60
(60) 30

(3) gl

Numbers in parenthesis are as specified in the F.C.C. Rules and

Regulations. Output power and ERP are derived from input power.
All other numbers are typical.

In 52% of the 450 MHz mobile spectrum, the maximum permissible
input power is the same as for base stations (600 w). However,
a more typical value of 120 watts has been used.

These are typical values for relatively flat areas. In mountainous
areas such as Seattle, Washington, a typical value is 1000-2000 ft.
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@® Ch. 14 WFAN-TV Land Mobile Usage in Washington, D, C,

® Land Mobile 464-470 MHz
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Land Mobile Usage in San Mateo, Calif.
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@ Ch. 14 WJZB-TV Land Mobile Usage in Worcester, Mass.

@® Land Mobile 464-470 MHz
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® Ch. 14 WMUB-TV Land Mobile Usage in Oxford, Ohio

® Land Mobile 464-470 MHz




