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EXECUTIVE SUMMARY 

A. 	SUMMARY 

The rapid growth of the spectrum requirements for the land mobile 
service has compelled Administrations to find additional spectrum for 
this service. One possible source for this additional spectrum is that 
part of the TV spectrum, either unusable as a result of TV taboos, or 
as presently allocated but not assigned for use by the broadcasting 
service (television) in the VHF and UHF frequency bands. In a 
particular geographical area, only a few channels of these allocated 
bands are assigned; the results of the study suggest that the unused 
channels in that particular geographical area could perhaps be used by 
the land mobile service. 

This study examines the frequency planning criteria which apply to 
protect the land mobile service and broadcasting service from mutual 
interference where portions of the spectrum may be shared. 

These planning criteria for inter-service sharing are then applied to 
the Montreal, Toronto, and Vancouver areas to establish which VHF 
and/or UHF television channels could be used by the land mobile service 
in each of these three urban areas. 

The study concludes that, if all TV channels were assigned in 
accordance with the Canadian TV allotment plan, it would preclude the 
sharing of spectrum with LMS. However, since a few allotments are as 
yet unassigned a number of windows whereby allotted TV spectrum could 
be operated by LMS users are potentially available. 

B. 	DISCUSSION OF THE REPORT 

In Chapter I, existing criteria used by different administrations for 
the licensing of the TV broadcast service and the land mobile service 
are reviewed at length. 	The various factors to be considered are 
identified and ranked. 	In its basic form, frequency planning is 
concerned with the determination of the relative levels of the desired 
and undesired signals at the receiver input. Factors affecting these 
signal levels, and the criteria for establishing acceptable grades of 
service are examined. 

Also included in the Appendix is a detailed summary of the propagation 
characteristics in the 30 MHz to 1 GHz portion of the spectrum as 
applied to the land mobile and TV broadcasting service. 

Chapter II investigates the technical considerations involved in 
possible sharing of the spectrum between the two services. The 
existing licensing criteria used by the D.O.C. and the F.C.C. for each 
service by itself is reviewed. The experiences and criteria for inter-
service sharing in the U.S.A. and the U.K. are then examined. The main 
technical parameters involved in inter-service sharing are then 
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developed. 	These include the minimum desired signal strength, the 
maximum interfèring (or undesired) signal strength, the protected 
contours for the services, and finally the minimum separation distances 
between transmitters of the shared services. The establishment of 
these parameters involves a detailed review of television and LMS 
signal characteristics, propagation characteristics, antenna 
discrimination factors, transmitter and receiver characteristics, and 
the protection ratios for each service. 

With the objective of first identifying all candidate channels, the 
separation distances between TV broadcasting and LMS were calculated 
using the assumptions listed in Chapter II, Paragraph 6.5.1 of the 
report. 

Provided that these separation distances are maintained, the reciprocal 
protection will also be achieved. That is to say, the LMS will be 
protected from interference from the broadcasting service for greater 
than 90 percent of the time. 

Finally, in Chapter III, the results of the first two chapter s are 
applied to determining the most suitable VHF and UHF channels that 
could be used by the LMS in Toronto, Montreal and Vancouver. Average 
terrain characteristics were used to represent each of the three urban 
areas. Based on this statistical approach, UHF television channels 
available for use by the LMS within a 30  km radius of the three city 
centres were identified. See Chapter III, Tables 4.1 through 4.3. (No 
VHF channels were found to be available in any of these areas.) 

The set of available channels common to all three cities totals only 
sixteen. Of these sixteen, Channels 14, 15, 41, 42, 43, 52, 53, and 54 
are the most attractive. The first pair (14, 15) would represent a 
continuation of the 450-470 MHz LMS allocation and would require 
minimal modification to existing radio products in order to extend 
their coverage. The last six channels are attractive since they 
represent two sets of contiguous 18 MHz blocks in the spectrum. None 
of the available spectrum would appear to be compatible with wide area 
LMS systems, primarily due to the limited geographic expansion possible 
without infringing on protection ratios. 

It is noted that the 16 channels identified as available in all three 
cities are either restricted by TV taboos or are included in the 
Canadian TV channel allotment plan. They are only available at this 
time since they are as yet unassigned. Failure to reconsider the 
allotment plan in a timely manner will make future reassignment to LMS 
difficult, if not impossible, to implement. 
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C 	RECOMMENDATIONS FOR FURTHER STUDIES 

The results of the study are generally believed to be conservative. 
Marginal areas could be fine-tuned with additional study in several 
areas. Five of the more important of these are outlined here. 

1. Analysis of the requirement for special sharing criteria arising 
from anomalous UHF TV signal propagation modes, especially tropospheric 
bending, and atmospheric ducting, but also possibly aurora, sporadic-E 
and others, 	would 	lead to 	more  realistic protection 
criteria/separation distances. This may be particularly true of the 
Toronto area where ducting from U.S. cities over Lake Ontario is a 
potential problem. 

2. Verification of the protection ratios used for the two services by 
performing worst case measurements is an area \)Thich demands further 
investigation. This includes investigation of the effect on the LMS 
signal of the discrete line components of the TV spectrum and the 
verification of the NTSC spectrum and analysis of optimum parts of this 
spectrum with a view toward interleaving LMS channel assignments 
between TV signal spectral lines. 

3. While current land mobile operation in Canada uses frequency 
modulation with 25 KHz channel spacing, characteristics of, and sharing 
criteria for other modulation techniques which are likely to be more 
widely used in future should also be examined. 	These techniques 
include 12.5 KHz FM channels, single sideband, amplitude companded 
single sideband, digital modulation techniques (TM MSK, etc) and 
frequency hopping. 

4. Tests of TV receive antennas in their "installed environment" are 
required to establish more reliable criteria for interference 
rejection. 	Directivity measurements, and especially polarization 
discrimination, are key areas to identify. 	Tests of the latter 
characteristic are particularly important in the presence of multipath 
propagation, where polarization shift may occur. The land mobile 
signal at the TV receive antenna may be polarized horizontally, 
vertically, or somewhere in between at a given instant. 

5. Finally, the use of actual terrain characteristics and antenna 
heights/erp for marginal cases, esp Vancouver (terrain), Montreal (to a 
lesser extent) and Toronto (Ant. ehaat) would provide higher confidence 
in identifying some channels which are borderline. 
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CHAPTER I 

REVIEW OF RXTSTING CRITERIA 

FOR TEE LICENSING OF • 

TV BROADCAST SERVICE AND LAND MOBILE SERVICE 

1.0 	INTRODUCTION 

1.1 	PURPOSE AND SCOPE 

This report is Chapter I of a three—chapter report of a study to 
determine the feasibility of spectrum sharing between TV 
broadcasters and Land Mobile Radio Services. 

The purpose is to review the existing criteria used by different 
administrations for the licensing of terrestrial TV broadcast 
services, the low—power TV broadcast service and the land mobile 
services. Each service is discussed separately; the problems of 
inter—service operation are considered in the chapter 2 report. 
The main thrust of this chapter is to identify the system 
characteristics and parameters involved in determining how the 
frequency assignments of a particular service allotment are shared 
among the users and yet provide an acceptable grade of service to 
all users. 

1.2 	. DESCRIPTION OF CHAPTER I REPORT FORMAT 

Sections 1 and 2 provide the introduction and list reference 
documents used in the study. Section 3 introduces, in general 
terms, most of the significant parameters that have to be 
considered in frequency coordination. Section 4 considers the 
land mobile service and describes all the factors and parameters 
involved in the frequency planning for this service. Sections 5 
and 6 does the same for the full—power TV broadcast service and 
the low—power TV service respectively. The licensing criteria for 
DOC, CCIR and, where data are available, for the FCC are 
summarized in Section 7. Since the propagation characteristics 
are of paramount importance in determining the service contours 
and signal levels, this was treated in some detail in the Appendix 
A. 
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2.0 	DOCUMENTATION 

	

2.1 	REFERENCE DOCUMENTATION 

The following documents, among others, were used in the 
preparation of this report: 

1. DOC, RSS 119, Issue 3, August 1985 
2. DOC, RSS 120, Issue 2, April 1972 
3. DOC, RSS 121, Issue 1,.April 1972 
4. DOC, BP-5, Issue 3, June 1984 
5. DOC, BP-22, Issue 5, October 1983 
6. DOC, RSS-154, Issue 2, March 19847.DOC, RSS-157, Issue 1, 

December 1978 
7. DOC, RSS-157, Issue 1, December 1978 
8. DOC, BS-11, Issue 1, April 1953 
9. FCC, Rules & Regulations, Vol III, 1982, Subparts E & G 
10.DOC, SRSP 501, Issue 2, January 1983 
11.DOC, SRSP 502, Issue 1, January 1983 
12.CCIR, Chapter V, 1982, Propagation in Non-ionized Media 
13.CCIR, Chapter VIII, 1982, Mobile Services 
14.CCIR, Chapter XI, 1982, Broadcasting Service - Television 

2.2 	DEFINITIONS 

Allocation: Provision of a band of frequencies for a particular 
purpose or service. 

Allotment: 	Provision of a specific channel for a particular 
community. 

Assignment.:  Authorized use of an allotment-for—a-TV-station,--  

Service Contours: Service contours of a broadcast station are the 
boundaries or contours at which the field strength of the 
station's emission are at a specified value for 50% of the 
locations at that contour and for 50% of the time. The service 
contour defines the service area for that broadcast station and is 
denoted by F (50,50) contour. 

Interfering Signal Contour: 	The contour (from the interfering 
broadcast station) at which the specified interfering signal field 
strength is received at 50% of the locations for 10% of the time. 
It is denoted by F(50,10) contour of the interfering station. 

Protection Ratio: 	The ratio of the desired signal to the 
undesired (or interfering) signal at the receiver input required 
to produce a specified impairment of the output signal. It is 
referred to as (C/I) or (D/U) in the text. 

Polarization:  The direction of the electric field strength vector 
of a radiated wave. 
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2.3 	ABBREVIATIONS 

ERP 	Effective radiated power which is the product of the 
transmitter power at the input to the transmit antenna 
and the gain of the antenna relative to that of a half 
wave dipole antenna. 

EHAAT 	Effective height of the antenna above the average 
terrain. 

FM 	Frequency modulation. 

VSBAM 	Vestigial sideband amplitude modulation 

LPTV 	Low-power television 

LMS 	Land mobile service 

SNR 	Signal-to-noise ratio 

F(50,50) The field strength at the service contour or boundary of 
a broadcast station which is received at 50% of the 
locations at the contour and for 50% of the time. 

DOC 	Department of Communications, Canada 

FCC 	Federal Communications Commission, USA 

dBg 	Measure of the electric field strength in dB's relative 
to lgV/m 
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3.0 	FREQUENCY PLANNING 

3.1 	QUALITY OF SERVICE FACTORS 

The main objective in frequency planning (or coordination) is to 
ensure that mutual interferences between the user systems of a 
frequency allotment 'do not unduly degrade the quality of service 
provided to the users. In the absence of all other user systems 
of a service; i.e. in the absence of all interference, the signal 
quality is degraded chiefly by "noise" at the receiver input. 
This "noise" would consist of the receiver internal thermal noise, 
cosmic noise, man—made noise, and, in the case of the land mobile 
service, multi—path noise. The effect of this noise at the 
receiver input on a typical user is determined by subjective 
testing. A five—point scale: excellent, good, fair, poor, bad, 
can be used to rate the quality. A grade 4 (good) is usually 
specified for a service. This minimum RF signal level at the 
receiver input is called the minimum usable sensitivity and is 
defined as the weakest RF input signal level required to provide a 
grade 4 quality of service in the presence of "noise." When 
interfering signals are present, there will be a degradation in 
the quality of service as observed by a user. The effect of 
interference on signal quality is also obtained by subjective 
testing. In some cases, a grade 3.5 is considered acceptable 
quality in the presence of "noise" and interference for short 
periods of time. The level of the desired signal relative to the 
level of the interfering signal at the receiver input is called 
the protection ratio. To conclude, the minimum usable receiver 
sensitivity gives the lowest or minimum level of the desired 
signal to give a grade 4 quality in the presence of noise, while 
the protection ratio gives the lieàeiitivel of the desired 
signal, relative to the undesired signal, required to provide 
"acceptable" service quality. Frequency coordination is concerned 
with the determination of these two levels: desired signal and 
the interfering signal, at the receiver input. 

The signal level at any point in an electromagnetic field depends 
on the transmitted effective radiated power (product of 
transmitter power at the antenna input and the antenna gain in the 
direction of the receiver), the propagation or transmission path 
loss and the receiver antenna gain. In line—of—sight transmission 
paths, the propagation loss can be calculated quite easily. In 
the land mobile service and in the TV broadcast service, the 
receive antenna is usually well below the height of its 
surrounding structures; and the signal it receives is the result 
of multiple reflections, diffractions, and in some cases 
refractions of the transmitted wave. The Propagation loss cannot 
be determined analytically. Statistical mean values with 
fluctuations in value with time and location are used to describe 
this loss. These statistical mean values are obtained by 
extensive measurements on many different locations and 
environments. The main problem in the determination of signal 
levels in the land mobile and TV broadcast service is in finding 
the propagation loss between the transmit and receive antennas. 
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3.2 	INTERFERENCE FACTORS 

The effect of interference on a particular user system depends on 
the transmitter characteristics of the interfering system, the 
propagation loss and the receiver characteristics of the user 
system. 

A transmitter radiates not only its authorized signal in its 
authorized bandwidth but also many spurious signals that fall 
outside the authorized bandwidth. The spurious signals consist 
of: 

A. Out—of—band emissions which include the amplitude and phase 
noise on the unmodulated carrier, modulation components that 
spill over the authorized bandwidth, discrete amplitude and 
phase modulation components on the carrier, intermodulation 
products of the desired signal spectral components, etc. 
These affect user systems that utilize the adjacent channels. 
The transmit carrier frequency instability increases the 
interference into the adjacent channels. 

B. Spurious emissions which includes harmonics of the signal 
frequency, intermodulation products, discrete AM and PM 
spurious modulation components, and other components which 
alter channels beyond those adjacent to the authorized 
channel. 

The quality of a transmitter depends on how low the level of these 
unwanted signals are. Filtering is the main technique used to 
ameliorate the situation. 

The propagation path loss affects the level of the interfering 
signals at the receiver input. This loss is increased by 
increasing the separation distance between the interfering 
transmitter and the desired receiver. 

The receive antenna directivity and the receiver selectivity are 
the main receiver characteristics that affect the level of the 
interference signal at the receiver output. The receiver 
selectivity at the adjacent channels and beyond is required to be 
high. The receive antenna directivity discrimination may, in some 
services, e.g. television broadcast, be a factor in reducing the 
level of the received interfering signal. In some cases, the 
receiver acts as a source of interference to other receivers. In 
TV receivers, the local oscillator leakage from the receiver front 
end is transmitted via the receive antenna and effects other TV 
receivers in the vicinity. 

All the foregoing factors have to be taken into account in 
frequency planning. 



3.3 	INTERFERENCE AND SERVICE CONTOURS 

The F(50,50) value of field strength for a given grade of service 
is used to define the service area contour for TV. This ensures 
that 50% of the locations at the given contour will receive that 
field strength for 50% of the time. 

This contour is also used to define the protected area in that the 
interference signal level at this contour must not exceed the 
value determined by the level of the desired signal less the 
protection ratio for more than 90% of the time. For interference, 
the F(50,10) curves for the interfering system must be used. 

The F(50,50) curves of the desired system and the F(50,10) curves 
for the interfering system are used for frequency coordination 
purposes only. Administrations are free to provide much higher 
grades of service within that assigned coverage area. 

4.0 	CHARACTERISTICS OF THE LAND MOBILE SERVICE 

4.1 	GENERAL DESCRIPTION OF THE SERVICE 

In land mobile services, two—way speech communications take place 
between a fixed base station and a large number of mobile stations 
that are continually moving in the service coverage area of that 
system. In most systems, the communications are between the base 
station and the mobile stations and vice versa. However, in some 
systems, communication between the mobile stations is also 
provided. 

The fixed base station radiates at an effective power level as 
authorized by DOC and not exceeding 125 watts and uses a 
relatively high antenna (typically over one hundred feet). The 
effective radiated power (ERP) and the effective height of the 
antenna above the average terrain (EHAAT) used at the base station 
depends on the service area to be covered. The mobile stations 
radiate at relatively low power (maximum 25 watts but frequently 
less) using relatively low antennas (typically 1.5 to 3 metres). 

The mobile stations are, in general, in continual motion within 
the coverage alea of the base station so their electromagnetic 
environment is continually changing. The propagation loss in the 
transmission path between the two antennas (base station and 
mobile station), therefore, fluctuates considerably from instant 
to instant during each conversation. Moreover, the low mobile 
antenna height, relative to the surrounding buildings and 
structure, causes the propagation loss to be much more than would 
exist in the broadcast television service. The relative motion 
between the base and mobile stations' antennas causes the received 
signals to be "smeared" in frequency due to the Doppler effect. 
All these factors contribute to making the detection of the 
received signals in the land mobile service a complex and 
challenging design problem. The relatively low levels of the 
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received signals, especially at the base station, render this 
service particularly susceptible to degradation due to 
interference from other services, especially the broadcast 
television service which uses relatively high RF powers. 

4.2 	FREQUENCY PLAN OR SPECTRUM UTILIZATION 

The land mobile service uses two modes of operation: 

- single-frequency operation, 
- two-frequency operation. 

The single frequency mode of operation, in which both the base and 
mobile transmit on the same carrier frequency, is primarily used 
in the VHF band in systems wherein communications are between a' 
base (dispatcher) and a mobile or between mobiles operating at 
short range. Although apparently attractive 'from a spectrum 
conservation point of view, there are a number of practical 
difficulties in achieving -optimum frequency coordination with 
other users in the same geographic area. As a result, DOC has 
recently favoured the use of two-frequency operation. This has 
been particularly successfully applied to the opening of new 
frequency bands; e.g. 410-430 MHz and more recently the 806-890 
MHz bands. Typical allocation of frequencies showing both single 
and two-channel operation is given in Tables 4.2a, b, and c. The 
principle advantage is that the higher power base station 
transmitters operate in a separate frequency range from the 
sensitive base station receiver. Hence, multiple transmitters and 
receivers may be co-sited on a non-interfering basis. This co-
siting contributes greatly to the economic operation of base 
stations from the small number of suitable base station sites. 

The two-frequency mode, in which base and mobile transmitters are 
assigned frequencies separated by 5 MHz (UHF), 45 MHz (806-890 
MHz) or some lesser amount in the VHF bands, can be used for 
operation via a repeater. In this manner, mobile-to-mobile 
operation is possible over the same geographic area as mobile-to-
base. 

The frequency separation between two adjacent channels is normally 
30 KHz, VHF and cellular and 25 KHz, UHF. Recently, some band 
splitting has been introduced so that channel separations of 15 
KHz, VHF and 12.5 KHz, UHF may be found in heavily congested 
areas. •  

In all land mobile systems, vertically polarized transmission is 
used. 
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4.3 	CHARACTERISTICS OF THE TRANSMITTERS AND ANTENNAS 

The design objective of the transmitter of a base station is to 
ensure that a specified field strength is maintained at all mobile 
stations in the design coverage area for that system. The grade 
of service is related to the electric field strength (in dB 
relative to 1 gV/m or dBg) at the mobile station antenna. The 
electric field strength at a point in the coverage area depends on 
the effective radiated power (ERP) of the base and the mobile 
station. The base station antenna height affects both the 
propagation loss and the coverage. Therefore the most significant 
parameters of the transmitter are: 

— Effective radiated power (ERP) which includes both the 
transmitter output power and the antenna power gain, and 

— Effective height of the antenna above the average terrain 
height (EHAAT) 

The transmitter, however, is also the generator of spurious 
emissions which interfere with signals from other services or 
systems. The following parameters are generally controlled by 
specifications to minimize the effects of this interference: 

— Occupied bandwidth of the desired signal, 
— Wideband noise floor, 
— Harmonic rejection, 
— Intermodulation characteristics of the power amplifier, and 
— Transmit frequency stability and accuracy. 

4.3.1 	ERP and EHAAT  

The ERP and EHAAT are selected to ensure that the required field 
strength is provided in a certain percentage (90 to 100) of all 
the locations within the desired coverage area (usually defined in 
terms of the radial distance from the base station) for a certain 
percentage of the time (typically 90%). It would also be 
desirable that the field strength decay rapidly outside this 
desired coverage area to minimize interference with other 
services. The minimum ERP and EHAAT, compatible with the grade of 
service and the coverage area, should be used. 

4.3.2 	Signal Bandwidth  

For a top audio bandwidth frequency of 3 kHz and a peak frequency 
deviation of 5 kHz, the necessary bandwidth is 16 kHz. 

It is desirable to ensure that the transmitted signal components 
outside this 16 kHz are at a minimum. This is achieved by: 

— severely filtering all the frequency components of the speech 
signal above 3 kHz, 

— ensuring that the frequency deviation does not exceed its 
specified value through the use of peak clipping, 
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— ensuring that residual modulation on the unmoaulated carrier 
due to random noise modulation on the carrier, and spurious 
discrete amplitude and phase modulation components on the 
carrier are minimized. 

4.3.3 	Transmit Frequency Tolerance  

Drift in the transmit carrier frequency will cause spectral 
components to fall into the adjacent channels causing degradation 
in those channels. This must be carefully controlled. 

4.3.4 	Intermodulation Products  

The base station transmitter is frequently closed sited, or even 
co—sited, with other transmitters or receivers. The use of a 
common antenna or closely spaced antennas results in cross 
coupling of the transmitted signals to both the output stages of 
the transmitters and input stages of the receivers. In both 
cases, intermodulation products must be prevented from falling 
onto the desired receive frequencies. Usually, low order products 
can be prevented from causing interference by the appropriate 
selection of the frequency set. However, as the order of the 
intermodulation product increases, then for more than about three 
of four frequencies, selection of a non—interfering frequency set 
becomes unduly restrictive and some means of increasing the 
transmitter—to— transmitter and transmitter—to—receiver isolation 
becomes necessary. 

The most usual technique is the use of high Q cavity filters. 
These not only reduce the level of cross coupling of the 
transmitter carrier signal but greatly reduce the transmission of 
wideband noise and transmitter harmonic and spurious emissions. 

4.3.5 	Out—of—Channel Spurious Emissions  

The out—of—channel spectrum most serious are the adjacent channels 
that are spaced ±25 kHz from the transmit frequency channel. The 
sources of the signals that fall into these adjacent channels were 
given in Paragraph 4.3.2 and by intermodulation products. 
Filtering at radio frequency is generally not feasible because of 
the high Q that would be required by the filters. 

Spurious emissions falling into the other nearby channels in the 
assigned band cannot, in general, be reduced by filtering either. 
The main contributors, intermodulation products and discrete and 
random spurious modulation components of the unmodulated carrier, 
must be reduced at their sources. 

The spurious emission components falling more than about 1% from 
the assigned channel can be reduced by filtering, and this is the 
remedy usually employed on multichannel sites or if operational 
problems occur. 
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Since all the undesired emissions are related to the level of the 
transmitted carrier (especially the intermodulation products), it 
is advisable to use the lowest transmitter power and the highest 
base station antenna, consistent with the grade of service in the 
coverage area, to minimize the interference effects of out-of-
channel spurious emissions on other systems and services. 

4.3.6 	Typical Transmitter Characteristics for the Land Mobile Service  

Table 4.3-1 gives typical specifications for transmitters used in 
the land mobile service as per CCIR Recommendation H78-3. 

Table 4.3-2 gives the characteristics of the transmitters for the 
land mobile service as recommended by DOC in RSS119. 

4.4 	CHARACTERISTICS OF THE RECEIVERS 

The purpose of the receivers used in the land mobile service is to 
provide an acceptable grade of service of speech signals at the 
output when the input consists of: 

- Weak desired signal (typically 0.7 gV into 50 ohms), widely 
fluctuating in amplitude with time due to Rayleigh fading; 

- Receiver, cosmic and man-made noise, and distortion components 
falling in the channel bandwidth; 

- Interference signals from other systems and services and from 
intermodulation products falling in the channel bandwidth 
causing co-channel interference; 

- Interference signals falling in the adjacent channels, causing 
adjacent channel interference; 

- Interference signals falling in the image frequency band; 

- Interference signals falling in the spectrum outside the 
desired channel but excluding the adjacent and image channels 
and of significant magnitude to cause distortion in the -
receiver. The main component is usually the carrier of co-
sited transmitters. 

The rejection of the out-of-channel spurious components is 
achieved by filtering. A separate filter is usually required at 
the receiver input to minimize the impact of the co-sited 
transmitters. The ability to discriminate between the desired and 
unwanted signals is usually expressed as the selectivity of the 
receiver to the relevant signal. 
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is defined as the level of weakest 
any external source of noise, that 

service for the speech signal at 

4.4.1 	Sensitivity to In-channel Noise  

The sensitivity of the receiver 
input signal, in the absence of 

produces an acceptable grade of 
the receiver output. 

In the real-life case, "noise" is always present at the receiver 
input in the desired channel. The "noise" contributors are 
receiver thermal, atmospheric, man-made and in-channel distortion. 
This "noise" is present even in the absence of all other 
emissions. In the presence of this "noise," the sensitivity is 
expressed as the input signal level (generally expressed in X gV 
into 50 ohms impedance) required to provide a specified signal-to-
noise ratio at the receiver output. The  signal-to-noise ratio is 
actually: 

(S + N + D )  or SINAD 

N + D 

where N =  thermal 1- cosmic + man-made noise 
D  = in-channel distortion 

A SINAD ratio of 20 dB is taken as the lower limit for 
acceptability. 

Susceptibility to Interference  

The susceptibility of the receiver to interference from the out-
of-channel spurious emissions, and co-channel emissions, is 
sometimes referred to as its protection ratio. The radio 
frequency protection ratio is the value of the radio frequency 
wanted-to-interfering signal ratio or (C/I) at the receiver input 
to achieve a subjectively defined reception quality. The 
measurement is usually made by injecting signals at the frequency 
of interest into the receiver input and adjusting its level till 
the specified amount of degradation is noticed in the output 
signal. The protection ratio for that receiver is the ratio of 
the desired carrier level to the level of the interfering, 
unwanted carrier at the receiver input. 

Interference emission that falls in the receiver passband of the 
RF channel of the desired signal is called co-channel 
interference. The co-channel protection ratio is the ratio of the 
desired-to-undesired signals that produces a specified reception 
quality at the receiver output. Unlike the out-of-channel 
interference, co-channel interference cannot be reduced by 
filtering. The effect of co-channel interference, for a given 
modulation can be minimized by increasing the protection ratio; 
i.e. by ensuring that the level of the interfering signal at the 
receiver input is low and by offsetting the frequency of the 
interferer from the desired carrier by half, a channel bandwidth. 
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4.5.1 

4.5.1.1 

Another source of interference that cannot be filtered out is the 
intermodulation products generated in the receiver input low noise 
amplifier and/or mixer. The levels of the intermodulation 
products generated in the receiver can be reduced by ensuring that 
the receiver is operated in the linear region of its power 
transfer characteristic. 

4.4.3 	Typical Receiver Characteristics for the Land Mobile Service  

Table 4.4-1 gives the characteristics of the receivers used in the 
land mobile service as per CCIR Rec 478-3, while Table 4.4-2 gives 
the corresponding values for the receivers as recommended by DOC 
in RSS119. 

4.5 	CHARACTERISTICS OF TEE PROPAGATION  PATH 

The propagation path characteristics between the base station and 
a mobile station antenna of a land mobile system differs 
considerably from that of a line-of-sight path in that the signal 
received by a mobile antenna is not the sum of a relative strong 
direct and relative weak reflected wave. The signal received by a 
mobile antenna consists of a predominant wave and the sum of many 
reflected and diffracted waves, all of approximately the same 
level. Moreover, since a mobile station is continually on the 
nove, the propagation path, with its characteristic reflecting and 
diffracting obstacles, is continually changing even at a fixed 
distance from the transmitter. For this reason, an analytical 
expression for the propagation loss is not possible so it is 
described in statistical terms. 

Several administrations have produced prediction curves to 
determine the loss for a given distance from the transmitter. 
These predictions are the average of a large number of 
measurements made by different investigators in different parts of 
the world. These prediction curves are generally used in 
frequency planning. 

The propagation loss is such a significant parameter in frequency 
coordination that a detailed description of all the factors 
concerned was provided in Appendix I. 

The prediction curves provided by CCIR are given in Section 4.5.1. 

Field Strength Prediction Standard Curves  

Definition of Coverage Area  

The main design objective of a land mobile system is to provide an 
"acceptable" grade of service over a specified coverage area. For 

• planning purposes, the "acceptable" grade of service is expressed 
as the electric field strength. The field strength at a fixed 
radial distance from a base station varies with a log-normal 
distribution with a standard deviation given by a2 . The grade of 
service in the coverage area is expressed as that minimum field 
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strength which is received by at least X% of the locations for at 
least Y% of the time; the contour around the base station at which 
this condition holds then describes the coverage area. Most 
administrations, for interference purposes, define the coverage 
area or that area bounded by a contour at which the specified 
field strength is exceeded for at least 50% of the locations and 
for at least 50% of the time. This is denoted by F(L,T) where F 
is the minimum field strength, L the percentage of locations and T 
the percentage of time; i.e. in our case, Fd (50,50). If the 
environment around the base of station is uniform in all radial 
directions, then the coverage area consists of finding that radial 
distance, R, from the base station at which Fd(50,50) exists. 
(The suffix d is used to indicate the field strength of the 
radiation from the desired base station.) 

The determination of Fd(50,50) depends on the values of the 
parameters that affect the median field strength. The data 
presented were obtained from a variety of sources with 
considerable spread in the data. For frequency planning purposes, 
it is desirable that a standard set of curves be used. Most 
administrations issue their own standard set of curves; but in 
this study, the CCIR procedure to compute Fd(50,50) for the land 
mobile service will be explained. 

For protection from interference, it is generally required that 
the field strength from the interfering base station be at a 
certain level below that of the desired field strength at its 
Fd(50,50) contour for at least 90% of the time; i.e. we have to 
determine the Fu(50,10) contour for the interfering base station 
and ensure that it falls on the Fd (50,50) contour. This is 
explained in Figure (4.5-1). 
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d = minimum separation required between the two base stations to 

ensure that the grade of service [F.  50,50)] is maintained at 
the outermost contour, denoted by9d , for 90% of the time in 
the presence of interference from an undesired base station. 

Procedure: a) From the desired base station propagation 
characteristics, determine dd  for a specified grade 
of service, Fui50,50). 

h) Determine F .(50,10) from the desired protection ui 
ratio at dd' 

c) From the undesired base stations propagation 
characteristics, determine du  given Fui(50,10). 

d) Then the minimum separation required between the 
two base stations is d = dd d

u
. 

Figure 4.5 — 1: Illustrating How the Coverage Areas (Radial Distance from 
the Base Station) are Computed in the Presence of 
Interference from the Base Station of Another System  
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4.5.1.2 	CCIR Procedure for Frequency Planning in the Land Mobile Service  

The CCIR procedure for frequency planning in the land mobile 
service is contained in the following documents: 

— Recommendation 370-4 
— Recommendation 529 
— Report 239-5 
— Report 567-2 

The above documents provide most of the information required to 
predict F(L,T) as a function of distance, d, from the base station 
for a given set of the following parameters: 

— base station antenna height, hb  
— Mobile station antenna height, h 
— base station effective radiated 

hm 
	from a half—wave dipole, 

ERP 
— environmental type: urban, suburban or rural 

Correction factors are also provided for: 

— terrain irregularities, àh(m) 
— terrain clearance angle 
— composite land—sea paths 

Alternatively, if F(L,T) is given, then the distance, d, from the 
base station can be determined, and from it, the service coverage 
contour that will provide a grade of service defined by F(L,T) 

4.5.1.2.1 Prediction Curves for VHF (30-250 MHz)  

A. The following information is required in order to use the 
prediction curves: 

a) Base station antenna height, hb . What is required in the 
effective height of the base station antenna above the 
average height of the surrounding terrain (EHAAT) from 3 to 
15 km away from the base station. This is obtained by 
measuring the average terrain height along eight radial 
lines from the base station, equally spaced by 45°, and then 
obtaining the average of those eight means. 

b) Effective radiated power (ERP) which is the product of the 
transmitter r.f. power at the antenna input and the transmit 
antenna power gain (relative to the gain of a half—wave di—
pole antenna) in the direction of the mobile station. The 
prediction curves are based on an ERP,of 1 KW so the field 
strength obtained from the curves will require a correction 
of the actual ERP is not 1 KW. 

c) Effective height of the mobile station antenna h 	which is 
the height of the mobile unit's antenna abdie the local 
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terrain. The prediction curves are based on a height of 3 m 
and 1.5 m. 

d) Frequency of operation. The prediction curves are valid for 
any frequency in the range from 80-250 MHz. 

e) Field strength to be met at the required contour. The may 
be expressed as F(50,50) or, interference, F(50,10). The 
standard curves are based on 50% of the location and for 50, 
10, 5 and 1% of the time. 	If other than 50% of the 
locations is required, a correction factor will be required. 

0 Environmental type: urban, suburban, rural. The standard 
curves are based on rural areas. 

g) Terrain irregularity, Ah(m). The standard curves are based 
on a relatively smooth terrain in which h = 50 m. 

h) Terrain slope angle from the base station, 0 = 0. 

B. The standard prediction curves enable the distance, d(km), to 
be determined at which the field strength is F(50,50), 
F(50,10), F(50,5) or F(50,1). This value of the field strength 
is based on: 

- ERP = 1 kw 
- h = 1.5 m or 3 m 
- 	= 50 m 
- environmental type: rural 
- terrain slope angle 0 . 0 degrees 
- actual base station effective antenna height 

The curves are given in Figures 4.5-2a, 4.5-2b, 4.5-2c and 4.5-2d. 

C. Correction curves will be required when the assumed values in 
the standard curves differ from the actual values. 

- The ERP correction is straight forward since the field 
strength will vary dB for dB as the actual ERP differs from 
the standard 

- The correction factor for other percentages of the locations 
is given in Figure 4.5-3. 

- The mobile station antenna height correction factor is given 
in Figure 4.5-4. 

- The terrain irregularity correction factor is given in 
Figure 4.5-5. 

- The terrain slope factor is given in Figure 4.5-7. 
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4.5.4.2.2 Prediction Curves for UHF (450 - 1000 MHz)  

The standard prediction curves are given in Figure 4.5-8a for 
F(50,50), Figure 4.5-8b for F(50,10) and in Figure 4.5-8c for 
F(50,1). 

The correction curves for other percentages of locations than 50% 
are given in Figure 4.5-9. 

The correction curves for terrain irregularities other than ph = 
50 m are given in Figure 4.5-6. 

The correction curves for the terrain slope angle are given in 
Figure 4.5-7. 

4.6 	QUALITY OF SERVICE IN THE LAND MOBILE SYSTEM 

The quality of service is usually determined by subjective 
evaluation by a large population of listeners  of the speech signal 
at the output of the receiver as various impairments are added to 
the system at radio frequencies. A five-point scale is used to 
denote the quality. 

There is little or no data on the subjective measurements of 
speech quality in the land mobile service. Consequently, several 
administrations have submitted the results of measurements using 
an alternative concept of signal-to-interference protection ratio. 
This is based on electrical measurements, using appropriate test 
signals, of the degradation of the signal-to-noise ratio of the 
wanted test signal, when a co-channel (or other channel) 
interfering signal is superimposed on the latter. A degradation of 
the initial signal-to-noise ratio of 20 dB to a signal-to-noise 
plus interference ratio of 14 dB is sometimes taken as the 
criterion. This criterion is considered to correspond with the 
minimum acceptable grade of service. 

In the tests, frequency deviations of 60-70% of the maximum 
specified frequency deviations are used on both the wanted and 
unwanted signals. 	From the results of the tests that were 
submitted to CCIR, slight differences in measurement conditions 
and in the characteristics of the receivers used accounted for a 
±3 dB spread in the resulto. Based on these measurements, it was 
proposed in CCIR SGVIII, Report 358-4, that a RF protection ratio 
of 8 dB be used for co-channel interference between two land 
mobile systems using the 25-kHz spacing and 5 kHz peak frequency 
deviation. Figure 4.6-1 gives the audio signal-to-interference 
ratio versus RF signal-to-interference ratio with the ratio of the 
RF bandwidth to the audio bandwidth as the parameter. The 
B/B = 5 	curve approximately applies to the 25 KHz spacing 
sys£em. The figure supports the claims made in the proposal for 
an 8dB RF protection ratio in CCIR Report 358-4. 
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(Parameter d represents distance from the transmitter) 

- Rural Areas only 

Note- . For suburban areas,the median value may be taken as 7 dB and 
in urban areas as 14 dB for distances up to 50 km. In excess 
of 100 KHz, the values should be halved with linear 
interpolation for intermediate distances. 
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4.6.1 	Minimum Values of Field Strength to be Protected  

The main noise contributors at the input to a land mobile receiver 
are: 

- receiver internal noise 
- cosmic noise 
- man-made noise generated largely by the ignition systems of 

motor vehicles and depends on the traffic density expressed 
in vehicles per km. 

- multi-path noise generated when the vehicle or mobile 
station is in motion and has characteristics similar to man-
made noise in that it is impulsive in nature. The noise 
amplitude distribution (NAD) is used to characterize noise 
which are impulsive in nature. The NAD gives the spectrum 
amplitude versus the number of impulses per second. 

A convenient measure of the threshold performance for a narrowband 
receiver is a specified value of SINAD. 

The conventionally accepted value (as per CCIR, SGVIII, 
Recommendation 331-3) is 12 dB. This defines the minimum usable 
field strength for a particular installation in the absence of 
man-made noise. The minimum usable and median field strengths 
(based on minimum usable input of 0.7 gV into 50 ohms in the 
absence of man-made noise) for typical hand portable stations is 
given in Figure 4.6-2. 

Man-made noise is a significant source of degradation in signal 
quality. Figure 4.6-3 gives the noise amplitude distribution at a 
base station at 150 MHz and for three traffic densities. 

Multi-path distortion is also a significant source of degradation 
in the land mobile system, which is absent when the mobile station 
is stationary. 

The median field strength required for a given grade of service (4 
or 3) by a mobile station under various situations is given in 
Figures 4.6-4 and 4.6-5. Conversion of degradation to field 
strength is expressed as: 

Field strength = -41 + d + 20 log f (dBg) (4.6-1) 

The median field strength required at a base station for grades of 
service 4 and 3 under various conditions are given in Figures 4.6- 
6 and 4.6-7 respectively. The same expression as in Equation 4.6- 
1 is used to obtain the field strength from the degradation and 
frequency. 
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E: minimum usable field strength (dipole antenna) 
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Figure 4.6-3: Noise Amplitude Distribution at Base Station (150 MHz)  

For Frequencies other than 150 MHz, raise or lower curves H, 
M and L in accordance with the formula below. 

A = C+10 log V-28 log f (where A = dB (e/MHz) at 10 pps) 
C = 106 dB (gV/MHz) is tentative value used in the absence 
of data 

Curve H: High noise location (V = 100) 
Curve M: Moderate noise location (V = 10) 
Curve L: Low noise location (V = 1) 
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A: Mobile vehicle stationary within a high noise area 
B: Mobile vehicle in motion within a high noise area 
C: Mobile vehicle in motion within a low noise area 
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Figure 4.6-6: 	Variation of Degradation of Mobile Reception and Minimuffi 
Values of Field Strength to be Protected for Signal Quality 
Grade 4 and Receiver Sensitivity of 0.7 gV e.m.f. 

(Field Strength . —41+d+20 log f 	dB(gV/m) 

A: Mobile vehicle moving, traffic rate is 2 vehicles/s 
B: Mobile vehicle moving, traffic rate is 1 vehicle/s 
C: Mobile vehicle moving, no ignition or ambient noise 
D: Mobile vehicle stationary, traffic rate is 2 vehicles/s 
E: Mobile vehicle stationary, traffic rate is 1 vehicle/s 
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(Field Strength . -411-d+20 log f 	dB(gV/m) 

A: Mobile vehicle moving, traffic rate is 2 vehicles/s 
B: Mobile vehicle moving, traffic rate is 1 vehicle/s 
C: Mobile vehicle moving, no ignition or ambient noise 
D: Mobile vehicle stationary, traffic rate is 2 vehicles/s 
E: Mobile vehicle stationary, traffic rate is 1 vehicle/s 
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The foregoing are all based on a SINAD of 12 dB as the threshold 
performance. Moreover, the data on NAD of man—made noise and on 
multi—path distortion were obtained from a single source. Much 
more data are required before the minimum median field strength 
for specified grade of service can be determined for use on a 
general basis for degradation due to noise. 

4.6.3 	Comparison of Quality of Service with Protection Ratios of 
Different Administrations 

CCIR reports indicate that a baseband SINAD ratio of 20dB provides 
Grade 4 quality service for speech signals and a protection ratio 
of 8 dB is adequate to provide acceptable quality. Also, the 
minimum field strength required to provide Grade 4 quality is 
given as 25 dBg. 

DOC (Canada) recommends a minimum field Strength of 38 dBg for 
particularly noisy environments to •  achieve the same grade of 
service. 

5.0 	CHARACTERISTICS OF THE TV BROADCAST SERVICE 

5.1 	DESCRIPTION OF THE TELEVISION (TV) BROADCAST SERVICE 

In the TV broadcast service, the information that is conveyed 
consists of picture and sound signals. It is a one—way 
communication system in that the information is transferred from a 
central broadcast trànsmitter to a host of fixed receivers located 
in the service coverage area of that transmitter. 

The transmitter station uses an antenna which normally has a 
radiation pattern that is omnidirectional in the azimuth plane and 
has a certain amount of directivity in the elevation plane. The 
receiver antennas, on the other hand, may be directional in both 
the azimuth and elevation planes. 	The polarization used is 
generally horizontal, 	though circular polarization is also 
permitted. 

There are several types of TV transmission systems in use; but the 
type we shall be concerned with is the Type M/NTSC, 525 line 
system with a line rate cif 15.75 kHz and a frame rate 30 Hz. The 
modulation scheme used is the vestigial sideband amplitude 
modulation (VSBAM). The sound subcarrier is frequency modulated 
by an aural baseband signal extending in bandwidth from 50 Hz to 
15 kHz. The maximum frequency deviation is ±25 kHz. The sound 
subcarrier is located at 4.5 MHz with respect to the picture 
frequency. The video signal (luminance plus chrominance signals) 
occupya bandwidth of 4.2 MHz with the chrominance carrier located 
3.58 MHz above the unmodulated visual carrier. The transmitted 
signal therefore consists of three carriers: visual, colour (or 
chrominance) and the sound (or aural) carriers. 
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FIGURE 5.2-1 Numerical Designation of TV Channels in  
North America  

FIGURE 5.2-2 Significant Spectral Components in a  
TV Channel  
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In the TV broadcast service, the effective radiated powers vary 
from 10 to 1000 KW, while the effective height of the transmit 
antenna above the average terrain varies from 100 to 600 metres. 
The receiver antennas are typically 10 metres above the local 
terrain. 

1,) 	61,{ 

5.2 	FREQUENCY PLAN OR SPECTRUM UTILIZATION 

The numerical designation of the TV channels and the channel 
spacing as used in North America are shown in Figure 5.2-1. The 
VHF channels are numbered from 2 to 13, while the UHF channels are 
numbered from 14 to 69. 

The main spectral components of the unmodulated carriers are shown 
in Figure 5.2-2. The visual carrier is the strongest carrier with 
a power level 8 dB below that of the total transmitter output 
power; the colour subcarrier is 3.58 MHz above the visual carrier 
and has a power level typically 30 dB less than the visual 
carrier, while the sound carrier is about 7 dB less than the 
visual carrier and is located 4.5 MHz above it in frequency. 

5.3 	CHARACTERISTICS OF THE TRANSMITTERS AND ANTENNAS 

The design objective of a TV broadcast service transmitter is to 
ensure that all the receivers located in its specified service 
coverage area receive a signal of sufficient field strength to 
provide an "acceptable" grade of service. In this respect, the 
main parameters of the transmitter are the effective radiated 
power (ERP) and the effective height of the antenna above the 
average terrain height (EHAAT). Transmitters, however, tend to 
emit spurious signals that fall outside its assigned bandwidth; 
and the spurious emission cause interference with TV broadcast 
systems using the other TV channels. The spurious emissions from 
a TV transmitter must therefore be strictly controlled by 
specifications. 

5.3.1 	Classes of Transmitters  

TV broadcast service transmitters are categorized according to the 
standard parameters permitted for a station. The standard 
parameters permitted for a TV station are as follows: 

A. For VHF: - Channels 2-6: ERP = 100 KW, EHAAT = 300 m 
- Channels 7-13: ERP = 325 KW, EHAAT = 300 m 

B. For UHF: - Class A: ERP = 10 KW max., EHAAT = 100 m 
- Class B: ERP = 100 KW max., EHAAT = 150 m 
- Class C: ERP = 1000 KW max., EHAAT . 300 m 
- Super-class C: ERP = 5000 max., EHAAT .k 300 m 

The operating parameters (ERP, EHAAT) used by a TV station will 
depend on the coverage area (defined by a service contour) 
permitted to that station. The operating ERP shall not exceed the 
standard ERP. The operating EHAAT may exceed the standard EHAAT; 
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but when it does, the ERP must be accordingly reduced from the 
standard value. 

5.3.2 	Unwanted Emissions from a Transmitter  

From the standpoint of interference into other TV broadcast 
systems using any of the other TV channels, the following factors 
are significant and should be controlled by specifications. 

A. Carrier Frequency Stability:  This factor is important since 
off-setting the visual carrier frequencies of two systems using 
the same TV channel is a recognized method of reducing co-
channel interference between the two systems. 	Carrier 
frequency instability would reduce the advantage gained by off-
setting. Very large instabilities would, of course, cause the 
spectrum to drift into the adjacent channels, increasing the 
interference to these adjacent channels. 

B. Intermodulation: 	Any amplitude non-linearity in the 
transmitter will generate beat products of the three carriers: 
visual, colour, and sound. The six predominant products for 
the NTSC system, with respect to the visual carrier frequency 
are ±920 kHz, ±2.66 MHz, +5.42 and +7.16 MHz. If a TV station 
transmits on more than one channel but uses the same antenna, 
then intermodulation products, at the beat frequencies of the 
TV channels radiated, may also be generated. 

C. Spurious Emissions: These are unwanted emissions occurring at 
the transmitter output at frequencies other than those at the 
predominant intermodulation products given in Para 5.3.2(b). 

The DOC specifications on the above characteristics are given in 
Table 5.3-1, while the CCIR specifications on spurious emissions 
are given in Figures 5.3-1 and 5.3-2. 

5.4 	CHARACTERISTICS OF THE RECEIVERS 

Receivers in the TV broadcast service (as in other services) are 
designed to be sensitive to weak on-channel signals and to be 
insensitive to all emissions outside the desired channel. 

5.4.1 	Receiver Sensitivity  

Two receiver sensitivity characteristics are often provided: 

A. The weakest input signal (11V into 300 ohms), the presence of RF 
internal and cosmic noise but excluding RF man-made noise, that 
will produce an output signal-to-unweighted noise ratio of 30 
dB. The output signal is the peak-to-peak picture signal 
(0.7V), while the noise signal is the rms output noise voltae. 
The latter sensitivity is referred to as noise-limited 
sensitivity. Typical values for the noise-limited 
sensitivities of receivers range from -55 dBm to -65 dBm (or 
from 1 mV to 0.3 mV into 300 ohms). 
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1. The data were provided by Italy and UK. More data are 
required. 

2. The above characteristics are the significant ones that 
affect frequency planning. 

Table 5.4-1: 	TV Broadcast Receiver Characteristics (CCIR Report 625-2) 

Note: 
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Table 5.4-2: 	Interference Sources into TV Receivers and their Rejection 
Characteristics as Measured in Canada  



5.4.2 	Receiver Susceptibility to Interference  

In this phase of the study, we will be concerned with interference 
from other TV broadcast systems of the same characteristics (i.e. 
Type M/NTSC, 525—line) alone since the present licensing criteria 
apply only to interference from such systems. 

Table 5.4-1 gives some receiver characteristics as given in CCIR 
Report 625-2. The data were provided by Italy and the UK. 

Table 5.4-2 gives some receiver characteristics as measured in 
Canada. Because an IF frequency of 45 MHz is employed by 
receivers in North America, the channels that cause interference 
in North American receivers will, in general, differ from those in 
Europe where the IF frequencies are different. 

For controlling the effect of interference, however, the parameter 
that is more useful than the rejection characteristics is the RF 
protection ratio which is the ratio of wanted—to—unwanted signal 
levels at the receiver input, required to produce a specified 
grade of picture (or sound) impairment. The RF protection ratio 
cannot, in general, be determined from objective measurements made 
of the parameters used to define receiver performance such as 
sensitivity, overload, rejection, etc., but can only be obtained 
by subjective tests. The value will depend, among other things, 
on the nature of the wanted signal (monochrome, PAL, NTSC, etc, 
and its modulation scheme), type of unwanted signal (TV, sound, 
pure CW, etc.) and the frequency separation. The RF protection 
ratio is the parameter required for frequency planning. 

5.4.3 	Receiver Antenna Characteristics  

In frequency planning, it is important to ensure that the levels 
of all interfering signals, at the input to a receiver on the 
service contour, are sufficiently small that they introduce an 
”acceptable level" of impairment. The two—system parameters used 
to ensure this are: 

A. Separation distance between the interfering source and the 
receiver, 

B. Receive antenna directivity — more specifically, the antenna 
front—to—back gain ratio. 

The receive antenna directivity discrimination to be used for 
frequency planning purposes is given in CCIR Recommendation 419, 
which has been reproduced in Figure 5.4-1. 

Typical TV broadcast receiver antenna characteristics are given in 
Table 5.4-3. These values were obtained from measurements on a 
list range. However, when installed in an operational 
environment, the surroundings will affect the radiation pattern so 
the gain (main lobe) and the front—to—back ratios will, in 
general, be worse than those given in the table. 
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5.5 	CHARACTERISTICS OF THE PROPAGATION PATH 

Over the same frequency band and over similar terrain 
characteristics, the TV broadcast service and the land mobile 
service have the saine propagation characteristics between the 
transmitting and receiving antennas. However, for a given path, the 
propagation loss in the TV service is less because both the central 
transmitter and receiver antenna are higher than in the land mobile 
service. 

For frequency planning, the same prediction curves (field strength 
versus distance) may be used for the two services provided the 
appropriate correction factors for the different transmitter and 
receiver antenna heights are applied. 

- The CCIR recommended prediction curves were given in Figures 4.5- 
29(a) to (d), 4.5-30 to 4.5-34, 4.5-35(a) to (c), 4.5-36 and 4.5- 
37. 

- The DOC (Canada) recommended prediction curves•  are given in 
Figures 5.5-1(a) to 5.5-1(f). 

- The FCC  (USA)  recommended prediction curves are given in Figures 
5.5-2(a) to 5.5-2(h). 

5.6 	QUALITY OF SERVICE DESCRIPTORS FOR INTERbERENCE 

In the TV broadcast service, the output signals consist of picture 
and aural signals. The picture signals, being amplitude modulated, 
is far more sensitive to impairment than the aural signal which 
undergoes an additional frequency modulation. Emphasis will, 
therefore, be placed on the impairment to the picture signal. 

5.6.1 	Quality of Service  

The earliest scale used to rate the picture quality is the TASO twin 
scale which is given in Table 5.6-1. The CCIR has recommended that 
a five-point scale be used by all administrations to provide some 
compatibility between the quality assessments made on different TV 
systems by the different administrations. The CCIR recommended 
five-point scale is given Table 5.6-2. 

The picture quality is assessed by subjective tests made by a large 
population of viewers. The various sources of impairments are 
injected with the desired signal, at the input to the receiver and 
the viewers are requested to rate the picture quality according to 
the five-point scale for various baseband signal-to-noise ratios at 
the output. Figure 5.6-1 gives the results of such an assessment 
made by three different administrations for the case in which 
thermal noise was the source of impairment. The noise was weighted 

\ 

so that if the baseband signal-to-unweighted noise is required, 10.2 
dB should be subtracted from the values given in that figure. A 
signal-to-unweighted noise ratio of 30 dB (which is generally used 

( 

 
to define the sensitivity of a receiver) 
corresponds to a quality of service of grade 3.5 on the CCIR scale. 
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Figure 5.5-2(a): 	Estimated Field Strength Exceeded at 50% of 
Potential Receiver Locations for at least 50% of time at 
Receiving Antenna Height of 30 feet. 
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Figure 5.5-2(b): 	Estimated Field Strength Exceeded at 50% of 
Potential Receiver Locations for at Least 10% of Time at 
Receiving Antenna Height of 30 Feet. 
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Figure 5.5-2(c): 	Estimated Field Strength Exceeded at 50% of 
Potential Receiver Locations for at Least 50% of Time at 
Receiving Antenna Height of 30 Feet. 
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Figure 5.5-2(d): 	Estimated Field Strength Exceeded at 50% of 
Potential Receiver Locations for at Least 10% of Time at 
Receiving Antenna Height of 30 Feet. 
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Figure 5.5-2(e): 	Estimated Field Strength Exceeded at 50% of 
Potential Receiver Locations for at Least 50% of Time at 
Receiving Antenna Height of 30 Feet. 
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Figure 5.5-2(f): 	Estimated Field Strength Exceeded at 50% of 
Potential Receiver Locations for at Least 10% of Time at 

Receiving Antenna Height of 30 Feet. 
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fù-' -15 
o 

-3.0 

-5 

O  

FCC-R-6602 
	WIRMIIMMMUMMURM MUUMIIIIII MMMM RUMMUUMIEWMUMBIFIRWMUU 

lienr: :n:  11111111111111111111111111111111Ine::1::::  	MUMUCHUM  ... 	FLEW MU 
BB 

•1•11111M11111111r11111MBIUMI 
	 MMMMMM  1.11[111111M .  : 	Eir1111:. graqui

i 
 mmule  

:::: ::::11::::::!: 	..ciam:....a:::  ...................711gu.....117.1r.umn........m.:,  	
MMMMM  muluBBBBnimmilii 	wpm 	um 
	 9:::::"" m jem: Butemompormalimumminems 	rup: 

mmum•umisca••::•: 	lig 	Le 	• 	Um 	: mumme:::::B::::e edia:madm 1::91:malimilmil:i 	1-,,, aim::: 
	":::::10 	IL:  111.:  edmiiiiiiiella.11: Ai: 	ei: nenira  
KRUMM 	WWII 	evemillmigull:::. 

MMMMMM

umBa 
:MUM 	 . 	0. migemllimulami mulellei el  me_. 

1112::«MMUS 	MI MOO
i 	

M..11» BM 	»..IMM..... n..116  • 	..-- rani: 

	rij-.-e-jirgrePPEFTEIFF", 	:re.e.dfrIENEP  MMMMMMM  .. 	 •.... . . 	mu 	1.11 	m0B. 	'II rummmummilmm . 	:: 	BumBoBBIBB. 	BBB. 	...Jaen E 	h 

	

mu mic morm 	B 	 im \ 	mum: 
Baulammairitelffliarre.3::irripmE:E:rion:FE...ernrirmar.e 	 

::::EME1:MELUERIEfirli..".:19Elladhraid.:IME: <'`' 	'emu" 	
innumirazirm.... 	rmunarrignmen 	i 	 L. '0 	E..  MMMMM :.:3 	lm.:212.... . 	11.:Imia...4 ... 	MMMMM 1111111MMUM 	ammummilmou 

U 	
• mgmummummeir. »BBB 	B 	mu 	Km 	MIL •11111%.1:: 	 MW 	Mtn 	 IM UM 	 AMMUMMEMMOBIUM/an ::fflrarererernielll 7: 11:11:11:::FIMEre  	MUMIUMmaremel

mM 
 nE 0 	Ur 	1r nican MUM 	ellInk111111111. l e,  ZU 	

eila 
MEM14:::::::IMMUMMMIL 	• • :: 	::»11M11141:::UP•ellarne"  

••••••111111MILIMElilleMrrn 	•::::1::::::::: . ,\Qe riming' 
imumBBBBrummfm 
mumBearmia. 	• Iii ::. la AlinVaieghl. e" Apia:Fr 
new:in:ea mentql:ni 	9:11Mprir mils:. .BA::: ummillimmum 
em11 	gil" 	"Baia ill: 	wIBB 	4111 •MUlMMMUUMIMMIIMIRM: M 
«BB 	MUM 
WEMMUMM71 

I MI :::: pegarraWall rffliMMUMM:IMIW 	Ileada KIUMFIII M  	:: 	 • M Ered:rairldlliELI Allen 	 MN 
MIWOMMOBIR  • m: 	 WOW 	BUBBMWARMUMMUBBRX 	.immumunamm  
r:::neelikimmarm 	Erapi:Tr 	anurrarcurnjur 	atgro 	ma  

	

h: 	 ma 
usquamj 	mu 	Ad: id:BB ridlentintellielM 	"Crogg mumumarBuBm Burn 	 milipple 	1111:rill:::: B 
mmirelliiii MI 	B 	: 	 Wm 	Bum 	elliOnil: 
w:::LBUIL:11:1MBLIB: 	•111::a 	• aliwung: : 	Leift:::::»:: indeminumws: 
BBIBB 	Twin 	, B .  I-( 14./24.  _ffam,iiisir .-ruma-,. 	linktm_. 
...L.. 	... .. 	. 	faniudfil n-mimeel::::::11: 	iemn: 
Iheal..W.-14 .-4.4: 	,.. 1[1:11 	meme:: 
11111. 	.. 	+El 	_edge 	dilnri..11.ffl : .E-- n .. mu... 	. 
Min 	 ignaliannnr:fflaanI 	BlellM1 Mai 	

.1".? 	rt.  fleffer9 P 
91
anrliirBEFEBEWM11111111111J MUM 

WRIMMILVF 	.: 	'' '...rieill 	9 	111: 	111 LIMIUMILIMI:M9: 
Min  Ill 	rr 	 :: immiliillpeEpacriy.1::::111,. 

	

L. 	 h.m.qa 	Eti. 	.L.,....... ••••••[. 
ne g".7  • 	 neIRMErainN , in 	 in  :ffel _..2.--..4 AI 	-r - 

Prilimq  qm t t.gilsignmeillzmioromarcla 	_.... pq: 

	

Alm 	.à n 	 R: ilma:::::::: 9: um 	all: 

	

iimmt 	Balwi 

.400 
4- 5 

0 	50 	100 	150 	200 	250 	300 

Terrain Roughness Factor, àh In Meters 

350 

Figure 5.5-2(h): Terrain Roughness Correction 

73 



The same subjective assessment technique is used to judge the 
effect of interference on picture impairment. The picture quality 
is then related to the signal-,-to-interference ratio at the input 
to the receiver; i.e. the RF protection ratio. The RF protection 
ratio is the parameter used in frequency planning to determine the 
maximum permissible interference level at the receiver input. 

The above quality assessment technique requires a large population 
of viewers to obtain relatively stable statistics and is 
consequently very expensive and time consuming. It has been 
observed that if a "just perceptible change in impairment" is used 
as the criterion, then only one or two observers are required. 
The particular RF protection ratio obtained with this criterion 
can be related to the TASO 3 grade ("passable") by subtracting 12 
to 15 dB to the "just perceptible" RF protection ratio. 

The grade of service that is considered "acceptable" in the 
presence of noise and interference appears to be between 3.5 and 4 
on the CCIR five-point scale or 3 on the TASO scale. 

5.6.2 	Field Strengths Required for "Acceptable" Picture Qualit 

The measured RF protection ratios required for a specific grade of 
service are converted into minimum required signal field strength 
and the maximum permissible interference field strength. 

In Canada, two grades of service are defined. Grade A service is 
considered the acceptable service in an urban area, while Grade B 
service is considered adequate service in low noise environments 
or where out-door antennas are used; that is, in rural or low-
density areas. Table 5.6-3 gives the minimum field strengths 
recommended for the signal boundaries of the two service areas. 
The values of the field strength at the contours are designed to 
be protected from interference for 90 to 99% of the time. 

The CCIR recommended field strengths are given in Table 5.6-4. 
The values correspond to the Canadian Grade B contour values. 
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Table 5.6-3: DOC Grades of Service  

Note: 1. The service contours of a TV station are the Grade A or . B 
signal contours which are the boundaries (or contours) at which 
the field strength of a TV station, as determined by the 
F(50,50) propagation curves are as given in the table. 

2. The FCC uses the same values as given in the table. 

3. The Grade B contour is protected from interference for 90% of 
the time. 
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Table 5.6-4: CCIR_Recommended Minimum Field Strengths to be Protected  

Notes: 	1. The minimum median field strengths at a receiver antenna height 
of 10 metres. 

2. In arriving at the values, the receive antenna gain and the 
feeder loss were also considered. 

3. The percentage of time for which protection may be sought lie 
between 90 and 99%. 

4. For rural districts, it was assumed that better receivers and 
antenna installations are likely to be employed. 

5. In a practical frequency plan, because of interference from 
other TV transmissions, the field strengths to be protected 
will generally be higher than those given above. 
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5.6.3 	Frequency Planning Criteria  

In frequency planning, TV channels and service coverage areas are 
assigned to different TV broadcasting systems, and technical 
criteria are established to ensure that mutual interference 
between the systems are tolerable. 

The service coverage area is defined by the boundary or contour 
around the TV transmitter at which for 50% of the locations at 
this contour and for 50% of the time, the field strength of the 
desired signal 'is at the specified value. For example, for Grade 
B coverage, at UHF frequencies, the minimum field strength should 
not exceed 64 dBu. The TV stations ERP, EHAAT, receiver HAAT, 
etc., are selected to ensure that the specified field strength is 
achieved at the service area boundary. The contour is usually 
defined in terms of the distance, d , from the transmitter. This 
distance is found from the F(50,50)wprediction curves. 

The distance, thus obtained, defines the protected contour for 
that TV system. It is usually required that it be protected from 
interference for 90% of the time. The location of the interfering 
transmitter, using another (or the same) TV channel relative to 
this contour is found thus. 

1. Knowing the signal field strength at this contour and the 
required RF protection to provide an "acceptable" level of 
interference, the level of the interfering signal at this 
contour can be determined. 

2. Using the F(50,10) prediction curves for the interfering TV 
system and the computed level of interference, the radial 
distance, d , between the interfering TV transmitter and the 
above—mentigned contour can be determined. 

3. The minimum separation distance, d, between the two TV systems 
can thus be determined from d  = d

w d
u

. 

Frequency coordination between the different TV systems is then 
expressed in terms of the minimum separation distances between the 
transmitters of the different systems. 
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The ERP's are: Typical 	Standard  

Channels 2-6 
Channels 7-13 
Channels 14-69 

	

50W 	100W  

	

400 W 	100 W 

	

500W 	5W  
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6.0 	CHARACTERISTICS OF THE LOW POWER TELEVISION SERVICE 

6.1 	DESCRIPTION OF THE SERVICE 

Low Power Television (LPTV) systems are intended for use in areas 
which have insufficient TV service, particularly in the "shadow" 
regions of a full—power television broadcast system. LPTV 
stations may retransmit the programmes and signals of a full—power 
TV station and may also originate programming and/or operate a 
subscription signal. 

Like full—power TV systems, LPTV stations may provide a Grade A or 
Grade B quality of service at its service area contour. However, 
for the LPTV station, the service contour distance is restricted 
to 12 km in any direction from the transmitter. 

LPTV systems use the same signal structure as full—power TV 
stations. 

LPTV systems are considered to be secondary systems; i.e. 
established on an unprotected basis. Should the operation of an 
LPTV station cause interference to full—power TV stations operated 
on allotted channels, whether established before or after the 
litensing of the LPTV station, or to other radio services, 
remedial measures should be taken by the LPTV station to the 
extent of closing the station if another suitable channel cannot 
be found. Conversely, the LPTV station is not entitled to 
protection from interference from full—power TV stations on 
allotted channels, only from other LPTV stations. 

6.2 	FREQUENCY PLAN 

LPTV systems may be allotted any of the channels, numbered 2 to 14 
(VHF band) and 14 to 69 ((UHF band). An LPTV station will be 
assigned only one channel. 

6.3 	CHARACTERISTICS OF THE TRANSMMER 

6.3.1 	Effective Radiated Power (ERP)  

The ERP permitted to an LPTV station is that value required to 
provide a Grade B service at a contour 12 km from the transmitter, 
when the effective height of the antenna above average terrain is 
30 metres. 
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Table 6.6-1: Interference Levels from a Low-Power TV Station at the Grade B Contour 
of a Full-Power TV Station 



83 

I .  
The effective antenna height above average terrain is determined 
using four radiais  (0 0 , 90°, 180° and 270°), and the average 
height of the terrain on each radial is calculated over a distance 
of 0 to 5 km from the transmitter. The average of the terrain 
heights of the four radiais  is then found and used as the average 
terrain height. 

6.3.2 	Other Parameters  

The values of the other transmitter parameters, e.g. transmit 
frequency stability and spurious emissions are the same for the 
LPTV station as for the full—power TV station. 

6.3.3 	Antenna Radiation Pattern  

The radiation pattern for LPTV transmit antennas may be 
omnidirectional in azimuth as in the  full—power TV stations. 
However, in some cases, depending on the service area, the 
radiation pattern may be directive in azimuth. 

6.4 	CHARACTERISTICS OF THE RECEIVER 

The same characteristics are required for the LPTV receiver as for 
the full—power TV transmitter. 

6.5 	PROPAGATION CHARACTERISTICS 

The same prediction curves used for the land mobile and full—power 
TV broadcast services apply for the LPTV service if due allowance 
is made for the relatively low (30 metre) antenna height of the 
LPTV station. 

6.6 	QUALITY OF SERVICE DESCRIPTIONS FOR INTERFERENCE 

The Grade B service contour of the full—power TV station is 
protected from interference for 90% of the time. The interference 
levels, protection ratios and station separation distances 
employed by DOC (Canada) and by FCC (US) are given in Table 6.6-1. 

7.0 	REVIEW OF LICENSING CRITERIA 

7.1 	INTRODUCTION 

In planning the frequency spectrum allocation between services and 
its assignment between users of the same service, the prime 
consideration is to ensure that mutual interferences do not 
degrade the quality of service of the users beyond what is 
considered acceptable. 

Most administrations use the same procedure to determine the 
minimum coordination distances required between two transmitters 
in the same service, but the actual coordination distances will 
differ largely because of the differences in the protection ratios 



and in the prediction curves used to determine the propagation 
loss of a path. The protection ratio depends on the modulation 
used, the type of transmission (PAL, SECAM, NTSC, etc.), and even 
the viewing habits of the observers who grade the impairment. The 
prediction curves will vary depending on the terrain type, 
structure density, environmental type, etc., where the 
measurements were made. Each administration generally uses the 
data derived from measurements made in their countries. These 
factors make it difficult to compare the coordination practices of 
different administrations. 

In what follows, the Canadian licensing criteria will be provided 
and, where applicable, the criteria of other administrations will 
be discussed. 

7.2 	LAND MOBILE SERVICE LICENSING CRITERIA 

The minimum median field strength at the service area contour of a 
land mobile system is strongly dependent on the man—made and 
multi—path noise at the receiver input. These noise components, 
in turn, are influenced by several factors; e.g. traffic density, 
environmental type, speed of the mobile unit, etc. CCIR Report 
358-3 provides curves that may be used to compute the required 
field strength for a Grade 4 signal quality under various 
conditions and for various frequencies. These curves indicate 
that a median field strength from 21 to 26 dBli at the service area 
contour will give a signal quality of Grade 4. The DOC uses the 
values of receiver input powers as given in Table 7.2-1. Most 
administrations require that this signal quality be protected from 
interference for 90% of the time. In the land mobile service, the 
base station receiver is generally more susceptible to 
interference than the mobile receivers; and hence, it is the base 
station, rather than its service contour which requires 
protection. The protection ratio (RF) of 8 dB, minimum, is used 
by most administrations. 

The contour radius in most administrations seldom exceeds 30 km or 
20 miles. 
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Table 7.2-1: Minimum Receiver Input Power (dBW) for the Land Mobile Service  

7.3 	TV BROADCAST SERVICE LICENSING CRITERIA 

CCIR, DOC and FCC all specify practically the same minimum median 
field strength at the service area contour. In Canada and the US, 
this is called the Grade B contour; in these countries, there is 
also a higher quality, Grade A, which requires a higher level of 
minimum median field strength at its boundary. The Grade B 
contour is required to be protected from interference for 90% of 
the time. 

The protection ratios used by FCC are slightly higher than those 
used by DOC as shown in Table 6.6-1. The coordination distances 
recommended by DOC for frequency planning purposes are given in 
Tables 7.3-1 and 7.3-2. 

7.4 	LOW POWER TV SERVICE LICENSING CRITERIA 

The low-power TV service is considered a secondary service in both 
Canada and the US; and a licence to operate an LPTV station, is 
granted providing that it does not cause "excessive" interference 
with existing and planned full-power TV broadcast stations and 
other radio services. 

In Canada, the service contour for an LPTV station is restricted 
to 12 km in any direction from the transmitter. By common 
agreement, all proposed LPTV assignments in Canada, with 32 km of 
the common border with the US, must be cleared with the US. 
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Both the US and Canada require that the Grade B contour of the 
full-power TV station be protected for 90% of the time. However, 
Table 6.6-1 indicates that Canada, by specifying lower protection 
ratios, permits larger levels of interference at the Grade B 
contour. 

The coordination distances between LPTV stations and full-power TV 
stations, as used in Canada, are given in Tables 7.4-1 to 7.4-3. 
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TABLE 7.3-1 Standard Separation distances for VHF  
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TABLE 7.4-1 

MINIMUM DISTANCE SEPARATIONS IN KILOMETRES REQUIRED 

BETWEEN A LOW-POWER UHF TELEVISION STATION AND OTHER 

CLASSES OF UHF TELEVISION ALLOTMENTS OR ASSIGNMENTS 

• 	• 	 • 

Class of Station/System 	Channel separation r, number of channels above (+) or below (-).the 

. 	 . 	reference channel n 
. 	. 	 . 

' ....._ 	-7 	+14 	+15 
. 	1 	0 	+1 	+2, 	+3, 	+4 

Co-channel  	Adjacent. 	'inter- 	Oscillator 	Sound Image  Picture Image 

Channel 	I 	Channel 	Non-offset 	Offset 	modulation Radiation 

Accorded 	Applied For 	b/U - 28dB D/U - 18dB D/U" -16dB 	D/U u OdB 	D/U u OdB 	D/1› -28dB 	D/U n -10dB 

Protectionn 	1 	n+ r 	D = 64dBu 	D u 64dllu 	D u 	64dBu 	D - 	100dBu D ... 	74dBu 	D = 64dBu 	D ... 64dBu 

Dedired (D) 	Undesired 	(U) 	U - 36dBu 	U u 46dBU 	U = BOdBu 	U"  100dBu U ...  74dBu 	U u 92dBu 	U •• 74dBu  

. 	1 	' 
C 	LP 	140 	107 	75 	' 	20 	60 	72 	77 

1  

• B 	1 	LP 	115 	82 	50 	9 	37 	47. 	52 

• • 
1 

A 	• 	LP 	95 	62 	30 	5 	22 	27 	32 

• . 
LP 	LP 	82 	49 	17* 	3* 	. 	.14 	14* 	19 

	

1 	. 	
• — 

Note 1: Distances are based on a UHF low-power station operating at 5 kW ERP and 30 metres EHAAT (with a Grade B 

, contour of 12 kilometres) and other UHF stations operating with parameters according to the class 

designations shown in paragraph 4.8. 	. For other low-power parameters the desired-to-undesired (D/U) 

ratios in the Table must be satisfied at the desired contour. 	. 

Note 2: In principle, those distances marked with an asterisk (*) may be eliminated if stations , are co-sited. 

fNote  3: Offset  operations require a frequency stability of +1000 Hz. 
• , 	„.. 	: 
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TABLE 7.4-2 

MINIMUM DISTANCE.SEPARATIONS IN KILOMETRES REQUIRED  

BETWEEN LOW-POWER (LP). VHF AND OTHER CLASSES OF VHF TELEVISION ALLOTMENTS OR ASSIGNMENTS  

Channels 2 - 6 	Channels 7 - 13  

• Channel Separation r, number of channels above (+) or beiow (-) 

	

Class of Station/System 	the  reference channel  n 	. 

	

- 
	• 0 	' 	+1 	0. 	+1 

	

. 	 __ 	 __ 

	

1 	Co-channel 	Adjacent 	Co-channel 	Adjacent 

, 	. 
Channel 	' 	I 	Channel 	Non-offset 	Offset 	Non-offset 	Offset  

Accorded 	• 	Applied For 	D/U = 35dB D/U = 25dB D/U= -16dB 	D/U = 35d8 D/U = 25dB D/U u -16dB 
Protection n 	I 	n + r 	' 	D = 47dBu 	D = 47dBu 	D = 47dBu 	D = 56dBu 	D = 56dBu 	D = 56dBu 

Desired (D) 	Undesired (U) 	U = 12dBu 	U = 22dBu 	U = 63dBu 	U = 21dBu 	U = 31dBu 	U = 72dBu  

; 	1 	. 
Regular 	LP 	209 	159 	94 	158 	123 	85 

. 	LP 	LP 	132 	.82 	. 	17* 	84, . 	

. 

	

49 	11* 

Note 1: Distances are based on VHF low-power operations having 100 watts ERP and 30 metres EHAAT and 
regular stations operating with the maximum values given in paragraph 4.8. For other 

low-power parameters, the desired-to-undesired (D/U) ratios in the table must be satisfied. 

Note 2:' The Grade B contour is 12 kilometres and 8 kilometres respectively for channels 2-6 
• and 7-13. 

Note. 3:  ' In principle, those distances marked with an asterisk (*) may be'eliminated if stations 
are co-sited. , 

Note 4: Offset operations require a)frequency stability of +1000 Hz. 
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- TABLE ,7,4-3 

DISTANCE SEPARATIONS IN KILOMETRES REQUIRED TO ASSURE. MINIMUM  

INTERFERENCE WITHIN THE GRADE B (64 dBu) SERVICE AREA  

OF LOW POWER UHF TELEVISION BROADCASTING STATIONS FROM  

OTHER CLASSES OF UHF TELEVISION ALLOTMENT8 OR . ASSIGNMENTS  

. 	. 	 - 	• 

. 	Class of Station/System 	Channel separation r, number of channels above (+) or below (-) the 
, 	

reference channel n . 	. 	• • 
.

•  

I: 	• 	0 	+1 	+2, 	+3, 	+4 	-7 	+14 	+15 

•• 	Channel 	Co-channel 	° 	Adjacent 	Inter- 	— 	Oscillator 	Sound Image Picture Image 

' 	Channel 	I 	Causing 	r 	Non-offset 	Offset 	modulation Radiation 

'Applied 	Interference 	D/U ... 28dB D/U 	18dB D/1› -16dB 	D/U = OdB 	D/U ... 	OdB 	D/11.- -28dB 	D/U ... -10dB' 

For n 	1 	n + r 	D .- 64dBu 	D .. 64dBu 	D - 64dBu 	. 	D - 	100dBu D - 74dBu 	D - 64dBu 	D n 64dBu 

Desired 	(D) 	Undesired 	(11) 	U 	36dBu 	U ›.n 46dBu 	U - 80dBu 	U = 	100dBu U ... 74dBu 	U ». 92dBu 	U ...  74dBu  

I 
LP 	C 	. 	252 	192 	62 	20 	60 	41 	, 72 

I 	 . 	 . 
- 

LP 	I 	• 	B 	175 	122 . . 	35 	9 	37 	24 	44 

• I 	
. 

' • 	LP 	A 	114 	72 	22 	5 	' 22 	17 	. 	27 

LP 	• 	LP 	82 	49 	17* 	3* 	14 	14* 	19 

I 	
. 

Note 1: Distances are based on a UHF low-power station operating at 5 kW ERP and 30 metres EHAAT (with a Grade B 
' contour of 12 kilometres) and other HIIF stations operating with parameters according to the class 
'designations shown in paragraph 4.8. 	For other low-power parameters, the desired-to-undesired (D/U) 

- 	ratios in the Table must be satisfied at the desired contour. 

Note 2: In:principle, those distances marked with an asterisk (*) may 
be eliminated if stations are co-sited. 

' 	: 	• 
Note:3: Offset operations require a frequency stability of +1000 Hz. 
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CHAPTER II 

INVESTIGATION OF TECHNICAL CONSIDERATIONS 

INVOLVED IN THE POSSIBLE SHARING 

OF THE SPECTRUM BETWEEN 

THE TWO SERVICES 

PHASE II 

1 00 	INTRODUCTION 

1.1 	PURPOSE 

In Chapter I, the existing licensing criteria used by different 
administrations for the TV Broadcast Service and for the Land 
Mobile Service were reviewed and the significant technical 
parameters were clearly defined. In the first phase of the study, 
interference was considered between systems in the same service-
i.e. TV interfering with TV and land mobile service (LMS) with 
LMS. The purpose of the second phase of the study was to consider 
mutual interference between signals from the two services and to 
establish technical criteria for the possible sharing of the VHF 
and UHF TV broadcast spectrum between the two services. 

Sharing between a high power service (TV) and a low power service 
(LMS) in the same spectrum is far from ideal. TV services use 
considerably higher radiated power than mobile services (typically 
40dB more) and mobile services operate at considerably lower 
usable field strengths (typically 30dB less). The resulting 70 dB 
difference in the planning criteria suggest that only limited 
sharing will be possible. However, in practice severg factors 
help to make sharing between these two services feasible: 

— the mobile service requires a much lower protection ratio 
(typically 40 dB less) than TV 

— the mobile service coverage areas are smaller 

— TV bandwidths are much larger than the mobile service bandwidth 
(6 MHz versus 16 KHz) 

— TV may use horizontal polarization to obtain further signal 
discrimination from the vertical polarization  used  by the 
mobile service. 

The purpose of this chapter is to document the conditions under 
which sharing becomes feasible. 
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2.0 

2.1 

1.2 CHAPTER FORMAT 

Section 1 provides an introduction and Section 2, the reference 
information used during the study. Section 3 reviews the existing 
licensing criteria for the FCC and the D.O.C. for the two services 
independently. This has been included in this chapter for 
completeness. Section 4 considers the experiences and criteria 
used for inter-service sharing by the UK administration and by the 
FCC. Section 5 considers the main technical parameters involved 
in inter-service sharing while Section 6 gives the proposed 
licensing criteria for Canada for inter-service sharing. 

DOCUMENTATION 

REFERENCES: 

CCIR Documents:  \)- Rec 370 (5) J_  Report 567 (2) 
-‘›s- Report 358 (4) 
V- Report 417 (6) 

Report 899 

FCC Documents 	FCC Docket: 18261 
V- FCC Report: R-6602 (1966) 
V - FCC/OST: r-83-3, Oct. 1983 
V- FCC 85-289 (35820) 
- FCC Report - Project 2229-63 (1968/69 

V D.O.C. Documents  - CRTPB Ad Hoc Committee Report: project 6 
- "Image Interference to UHF TV Reception from 

Land Mobile operation in the 806-890 MHz 
Band," Oct. 1979 (TK 6643) 

"E.M.0 Handbook" by White, Volume 3, p. 5.83. 

- Conf: BCC (1985). John Durkin and Roger Skiff  ins 
"Band III - A New Mobile Radio Service for the United Kingdom" 

- IEEE Trans: V.T, November 1974, pp 129-134, John H:McMahon 
"Interference and Propagation formulas and Tables used in the 
FCC Spectrum Management Task Force Land Mobile Frequency 
Assignment Model" 

- IEEE Trans: V.T, November 1974, pp 135-138, Edward A. Neham 
"An Approach to Estimating Land Mobile Radio Coverage" 

- IEEE Trans V.T, May . 1973, pp 21-29, Albrecht P. Barsis 
"Determination of Service Area for VHF/UHF Land Mobile and 
Broadcast Operations Over Irregular Terrain" 

- Proc IRE, October 1957, pp. 1,383-1,391, John J. Egli 
"Radio Propagation Above 40 MHz Over Irregular Terrain" 
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— IEEE Trans: V.T, Mar. 1983, pp 206-208, S.N. Ahmed and P. 
Constantinou 
"A Mobile Interference Model into UHF Television Receivers" 

— IEEE Trans: V.T, August 1984, pp 244-249, Reed E. Fisher 
"UHF Television Interference Associated with Cellular Mobile 
Telephone System" 

2.2 	DEFINITIONS 

Allocation:  

Allotment:  

Assignment:  

Service Contours:  

provision of a band of frequencies for a 
particular purpose or service 

provision of a sPecific channel for a 
particular community 

the authorized use of a allotment for a TV 
station 

the service contours of a broadcast station 
are the boundaries or contours at which the 
field strength of the station's emissions are 
at a specified value for X% of the locations 
at that contour and for Y% of the time ,  for 
interference purposes, the F(50,50) contour is 
used. The service contour defines the outer 
limit of the protected service area 

Interfering Signal  
Contour: 	OL is the contour (from the interfering 

broadcast station) at which the maximum 
specified interfering signal field strength is 
received for 50% of the locations and for 10% 
of the time. It is the F(50,10) contour of 
the interfering station. 

Protection Radio: the RF protection ratio 
desired signal 	to 

' interfering) signal at 
required to produced an 
impairment to the output 

is the ratio of the 
the undesired (or 
the receiver input 
acceptable degree of 

signal. 

Polarization:  

Inter—Service  
Sharing:  

direction of the electric field strength 
vector of a radiated field 

use of the same spectrum by the TV broadcast 
service and the land mobile service 
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2.3 	ABBREVIATIONS 

ERP 

EHAAT 

FM 

VSB —AM 

dBg 

effective radiated power which is the product 
of the transmitter and power at the input to 
the transmit antenna and the gain of the 
antenna relative to that of a half—wave dipole 
antenna in the direction of the receive 
antenna 

effective height of the antenna above the 
average terrain 

frequency modulation 

vestigial sideband, émeitude modulation 

level of field strength in decibels above 1 
V/m. 

LPTV 	low power television 

LMS 	land mobile service 

D.O.C. 	Dept. of Communications, Canada 

F.C.C. 	Federal Communications Commission, U.S.A. 

F(50,50) 	the field strength at the service contour 
which is received by 50% of the locations at 
the contour for 50% of the time 

F(50,10) 

SNR 

S/X 

C/I 

the field strength at the service contour 
which is received by 50% of the locations at 
the contour for 10% of the time 

signal—to—noise ratio 

signal—to—interference ratio at the receiver 
output 

RF desired carrier to interference signal 
ratio at the receive input 
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3.0 ' 	REVIEW OF LICENSING CRITERIA FOR TEE SERVICES 

3.1 	INTRODUCTION 

This information was presented in Chapter I in greater detail. It 
is included here for completeness and for comparison with the 
information proposed for inter-service sharing licensing criteria. 

3.2 	PROTECTION OF THE TV BROADCAST SERVICE 

VHF channels (Regular Transmitters)  

Table 3-1 gives the separation requirements for VHF transmitters 
in Canada 

Table 3-2 gives the separation distance requirements between VHF 
transmitters in Canada and the U.S.A. 

UHF channels (Regular Transmitters)  

Table 3-3 gives the separation distances for UHF transmitters in 
Canada 

Table 3-4 gives the separation distances for UHF transmitters in 
Canada and U.S.A. 

LowPower TV Transmitters  

Table 3-5 gives the separation distances between LPTV transmitters 
and regular transmitters in the VHF channels 

Table 3-6 gives the separation distances between LPTV transmitters 
and the regular transmitters in the UHF channels 
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4.0 	VIEW OF INTER—SERVICE SHARING CRITERIA BY OTHER ADMINISTRATIONS 

4.1 	INTRODUCTION 

The rapid growth of both public and privte land mobile services 
has forced administrations to find additional spectrum for this 
service. This situation has been foreseen at the ITU World 
Administrative Radio Conference in 1979. The CCIR in draft 
Question BA/8 has requested members to investigate."what planning 
criteria apply for the protection of the mobile service and 
broadcasting service (television and sound) from mutual 
interference in those parts 8 and 9 that may be shared, taking 
into account where appropriate, the mobile satellite service." 

The two countries in which the investigation has been pursued most 
vigorously are the United Kingdom and the USA. In the UK, Band 
III (162-230 MHz) has been allocated entirely to the Land Mobile 
Service but the neighbouring countries still use this band for the 
TV Broadcast Service. This has led to mutual interference 
problems between the two services and has spurred the 
administration to investigate the problems. In the USA, the 
growth of the Land Mobile Service has been phenomenal. Moreover, 
many of the services provided by the LMS have now been considered 
as essential services for the community. Since a considerable 
portion of the preferred spectrum has already been allocated to 
the TV Broadcast Service, additional spectrum for the LMS can only 
be obtained by inter—sharing the available spectrum between the 
two services. 

4.2 	•U.K./EUROPE INitR —SERVICE SHARING CRITERIA 

4.2.1 	Introduction  

In the UK, the land mobile service is expanding at a rate of 8-10% 
per annum and it has been predicted that by the end of 1990, the 
number of mobiles would exceed 700,000 and by the end of the 
century the number could exceed two million, the number of two-
way channels required by the end of 1990 to accommodate the 
traffic has been predicted to be 1784 i.e. 27 MHz of additional 
spectrum would be required for a system using 15 KHz channel 
separation. 

The International Table of Frequency Allocations, in a footnote, 
has enabled the land mobile service to operate in several European 
countries in television Bands I (41-68 MHz) and III (162-230 MHz) 
and the upper part of Band V (582-960 MHz). The UK administration 
accordingly recommended that the TV broadcasting be withdrawn from 
Bands I and III by the end of 1984 and these bands be re—used 
thereafter for mobile services. Band III is still used by western 
Europe, France and Ireland for 625—line television broadcasting. 
The inter—service sharing of the Band III spectrum between UK and 
France is shown in Figure 4.2-1. 
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4.2.2 	Protecting the Land Mobile Service  

4.2.2.1 	Determining the Maximum Interfering Field Strength  

In order to determine the levels of interference to the Land 
Mobile Service, it is first necessary to establish the level of 
minimum usable signal CCIR Rep. 358 (4) gives the minimum  median 
usable field strength, Emin, as: 

Emin = -41 + d + 20logF 	(dBg) 	1) 
= frequency in MHz 

d = degradation factor in dB providing a margin for fading due to 
multi-path propagation and man-made noise 

Assuming a grade 4 quality, the minimum median field strength for Band III 
is: 

Emin  = 22 dBg (as per Equation (1)) 

The maximum permissible interfering signal level can be determined 
from: 

Emax . Emin - a - hg + b 	(dBg) 
where 	a 	= carrier to interference protection ratio 

hg  = height gain factor with respect to 10 m. 
antenna discrimination factor due to cross-polarization 

Table 1 gives the values for Emax for both the base station and the mobile 
station. 

4.2.2.2 	Determining the Minimum Separation Distance  

Knowing the maximum interfering field strength, Emax, the required 
minimum separation distances to protect land mobile services can 
be established. For a narrowband channel (12.5 KHz spacing, 7 KHz 
UK bandwidth, the interfering field strength for any given mobile 
channel will depend on its portion within the television channel 

Figure 4.2-2 shows the maximum power spectral density of a SECAM 
TV signal, as used in France, measured in 7 KHz bandwidth for a 
normal average picture content. For much of , the TV channel 
between the vision and the sound carriers, the power is at least 
40 dB below the total power except in the vicinity of the colour 
sub-carrier where the value is 30 dB down. 
Assuming an ERP of 250 KW and EHAAT of 300m for a typical TV 
transmitter, receive antenna heights of 1.5m (mobile stations) and 
20m (base stations) and the maximum interfering field strengths, 
Emax, of Table 2, the minimum separation distance from the TV 
transmitter can be determined using the F(50,10) prediction curves 
of CCIR Rec 370 (5). The results are given in Table 2. 
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Figure 4.2-1: Use of Band III By UK and France  
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Notes:  1. The desired signal is FM and the interferer is AM 
2. Base antenna height . 20 m 
3. Mobile antenna height  = 1.5 m 
4. The LMS polarization is VP, but the TV signal polarization may be 

VP or HP 
5. A protection ratio of 10 dB for an AM interferer is proposed in 

CCIR Report 358(4) 

Table 1: Maximum Interfering Field Strength  
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* TV radiated power assumed to be 30 dB below total radiated power 

Table 2: Minimum Separation Distances  
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4.2.3 Protecting the Television Signal  

CCIR Rec 417 (6) provides values of minimum median usable field 
strength to be protected for use in planning TV services. For Band 
III, this value is 55 dBg. The percentage of time for which 
protection is given is recommended to be between 90% and 99% and a 
figure of 95% may be assumed particularly since a sea path is 
involved between the interfering signal (from UK) and the TV service 
area (in France). 

CCIR Rep 306 (7) and Rec 418 (8) provide signal to interference 
protection ratios which, for narrowband interference leads to a 
maximum value of 50 dB at the carriers with correspondingly lower 
values elsewhere in the TV channel. A protection ratio curve for the 
L/SECAM system used in France is shown in Figure 4.2-3. The 
assumption in Figure 2 is of a single sourcé of interference whereas, 
due to the large differences in bandwidth between the mobile and the 
television services, it is likely that between 300 and 400 mobile  
transmitters could abe operating within a single television channel. 

CCIR Rep 945 (9) outlines a simplified multiplication method for 
dealing with multiple interfering sources and this method has been 
adopted for Band III planning. The method has the advantage over a 
direct power summation of taking account of the statistical variation 
in the locations of offending transmitters. The "nuisance" field (e) 
from each base station site is first calculated from: 

e =>7... (a. b. E)2 ni 

where  I  . number of co-sited transmitters 

a  =  protection ratio associated with the base transmitter 

b. = receive antenna discrimination factor (15dB for orthogonal 
polarization) 

Eni = field strength at the edge of the TV service area for the 
i-th transmitter 

The usable field stre-gth, Eu, is then calculated from: 
,Î=n 

Pc 	Tr-  L(Eu - E J= I 	sj 

where Pc coverage probability (typically 50% of locations) 

L = probability integral force normal distribution 

Eu  = usable field strength in dBg 

Esj =  nuisance field associated with the j-th base station in dBg 
as given by "e" in Equation (3) 

3 
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The problem of protecting TV services has to consider the effect of 
emissions from the mobile stations. In this case, the interfering 
field strength ("e") varies as the location of a mobile changes. It 
has been shown that the average interfering field strength from a 
mobile station is at least 20 dB below the field strength of its 
associated base station. Calculations can be made, as for the base 
stations, but with interference levels reduced by 20dB. 

To minimize the effects of interference into the TV channels in 
France, the procedure included: ; 

1) restricting the heights of the base station antennas 

2) using directional antennas at the base stations 

3) using that part of the TV spectrum with the lowest protection 
ratio (near the sound carrier as can be seen from Figure 2) for 
the base station transmitters'-frequency band. 

The usable field strength determined from the accumulated nuisance 
fields in Eq (4) cannot exceed 55 dBg although agreements had been 
reached with the French Administration to plan for 70 dBg at Boulogne 
and 65 dBg at certain other parts of the French coast. 

Consider the case of a base station in London and another in Dover. 
Table 3 shows that the nuisance field in the Boulogne area is 38 dBg 
for the London base station. This is 32 dB below the agreed usable 
field strength of 70 dBg. Some 1,500 transmitters could be operating 
in London before the interference limit is exceeded. For the Dover 
base station, the nuisance field for a single base station exceeds 
the usable field strength value, due, in part, to the high protection 
required for a non-fading path. 

A usable mobile service can be obtained in the South East of England, 
however, by: 

- reducing base station antenna heights (below 150m) 

- employing directional antennas 

- using frequencies (of the TV channel) which require lower 
protection ratios (lower than 45 dB). For example, a protection 
ratio of 35 dB could be used. 

i.e. If the Dover station uses hT 
35 m, ERP = 2.5W and directional 

antenna discrimination of 10 dB, the nuisance field would be reduced 
to some 22 dB below the usable field strength of 70 dBg. 
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4.2.4 Summary of the Inter-Service Sharing Criteria  

The following are some of the criteria developed, so far, for inter- 
service sharing of the Band III spectrum between UK and France. 

4.2.4.1 Protection of the Land Mobile Service in the UK  

a) The desired signal level for the LMS for Grade 4 quality is 22 dBg 

h) A protection ratio of 10 dB 

c) antenna polarization discrimination of the base station antenna is 
18 dB and of the mobile antenna is 8 dB (assuming the TV broadcast 
uses horizontal polarization and the LMS uses vertical 
polarization) 

d) The maximum interfering signal field strength should not exceed 24 
dBg at the base station and 24.5 dBg at the mobile station . 

e) The LMS to use only that part of the TV spectrum that avoids the 
visual carrier and the sound carrier, i.e. only 5 MHz of the 
available 8 MHz spectrum of a TV channel may be used. 

f) The LMS characteristics are: 

inter-channel spacing: 12.5 KHz 

channel bandwidth: 7 KHz 

peak frequency deviation: ± 2.5 KHz 

base station antenna height: 20 metres 

mobile station antenna height: 1.5 metres 

g) Propagation characteristics used are from CCIR Rec 370 (5) 

4.2.4.2 Protection of the TV Broadcast Service in France  

a) The desired signal level is the Grade B  contour  value of 55 dBg 

b) The accumulated nuisance fields from all the LMS sources in the UK 
are not to exceed 55 dBg. However, agreement has been reached for 
this limit to be extended to 70 dBg in boulogne and 65 dBg at 
certain parts of the French coast. The TV service is to be 
protected for 95% of the time, since a sea path is involved. 

c) A co-channel protection ratio of 50 dB is used, i.e. the total 
power of the LMS signals falling in the one TV channel, at any one 
time, should be 50 dB down on the desired TV carrier signal., This 
provides a 5 dB margin , with respect to the 45 dB protection 
ratio required within the 5 MHz portion of the TV channel, to be 
used by LMS. 
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d) For base stations near the French coast, the antenna heights 
should be kept low and/or directional antennas should be employed. 
Moreover, the base station transmit frequencies should be located 
near that part of the TV channel spectrum 	above which the 
protection ratio is least (around 35 dB) i.e. near the colour sub-
carrier and the sound carrier. 

e) TV transmitter characteristics: 

ERP = 250 kw 
EHAAT = 300 m 

4.3 	F.C.C. INTER—SERVICE SHARING CRITERIA 

4.3.1 	Introduction  

The inter—service sharing criteria proposed by the FCC has been 
extracted largely from the following documents: 

— F.C.C. Docket No: 18261 

— FCC/OST Report R-83-3 "Analysis .of Technical Possibilities for 
Further Sharing of the UHF TV Band by the Land Mobile Services in 
the Top Ten Land Mobile Markets" October 1983 

— FCC General Docket No. 85-172, June 1985 

"Notice of Proposed Rule Making in the Màtter of Further Sharing 
Between Private Land Mobile Services and the UHF TV Broadcast 
Service" 

— FCC Docket No. 21039, FCC-78-713 
"Memorandum of Opinion and Order in the Matter of Amendment of 
Part 21 of the Rules to Reflect the Availability of Land Mobile 
Channels in the 470-512 MHz Band in Thirteen Urbanized Areas of 
the U.S.A." 

Unlike the previous inter—service sharing criteria of Section 4.2, 
which concentrated on Band III sharing, the FCC criteria deal with 
the sharing 6f the UHF band, 450-960 MHz. 

4.3.2 Protection of the Television Broadcast Service  

The amount of sharing between the TV broadcast service and the land 
mobile service that is possible in a given geographical area depends 
on: 

— the values assumed for the various technical parameters 
— the degree of protection afforded to the TV service 

— the permissible locations of the land mobile base stations 

— the permitted operating range of the mobile stations 
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(1)  

(2) 

4.3.2.1 Protected Coverage Area  

a) The area of the TV coverage that is to be protected from 
interference by the land mobile service is that covered by the 
Grade B contour, which is approximately 55 miles (for Class C 
transmitters) distant from the TV transmitter and which has a 
minimum field strength of 64 dBu. 

This service is to be protected from interference for 90% of the 
time. 

b) The protection ratio for co-channel interference from the LMS is a 
minimum of 40 dB and that for the adjacent channel interference is 
0 dB. To improve the protection, the LMS may be restricted to 
that part of the TV channel between the visual and sound carriers, 
where the required protection ratio is less. 

c) At the Grade B contour, the antenna discrimination factor of 10 dB 
was assumed for both polarization discrimination and directivity 
discrimination; though measurements on a test range showed that 
polarization discrimination of 20 to 30 dB and front-to-back gain 
of 10 to 20 dB were achievable. 

d) The characteristics assumed for the land mobile stations were: 

Base Stations: 	ERP = 1 KW 

EHAAT = 500 ft. 

Mobile Stations: ERP = 100 W 

EHAAT 100 ft. 

e) The location of base stations were restricted to within 30 miles 
of the centre of the city, and mobile operations to 50 miles of 

the centre of the city. 

f) The propagation curves, as given in F.C.0 Report R-6602, Sept. 7, 
1966 "Development of VHF and UHF Propagation curves for TV and 

FM Broadcasting," were used to compute the radiated field 
strengths. 

4.3.3 	Protection of the Land Mobile Service  

In general, it was felt that the requirements for protecting the 
TV service imposed sufficiently great separation distances that 
the reciprocal protection of the land mobile service from the TV 
service would automatically be taken care of. This supposed, 
however, that the LME frequencies were selected to avoid 
predictable inter-modulation problems and able to avoid 
frequencies near the visual and aural carriers. Should 
interference to a base station receiver occur, it was felt that 
the use of several remote receivers rather than a single receiver 
at an elevated height could remedy the problem. 
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4.3.3.1 	Main Sources of Interference from TV into the Land Mobile Service  

The main sources are: 

(1) co-channel TV video and sound carrier, their sidebands and 
harmonics 

(2) TV transmitter sideband noise falling outside the desired TV 
channel 

(3) local area TV receiver oscillator radiation 

(4) intermodulation products of TV signals 

(5) enhancement of VHF TV signals due to anomalous propagation 
conditions 

The potential for co-channel interference is minimized if the LMS 
assignments avoid that part of the TV channel occupied by the 
visual and aural carriers and the colour subcarrier. The 
interference would then be from the visual carrier sidebands, 
which are at least 30 dB below the visual carrier level. The TV 
transmitters would typically be separated from a co-channel LMS 
base station by 90 miles (to meet the TV protection criteria) 
which is well beyond the horizon in many cases, so co-channel 
interference into the base station receiver is not likely to be a 
problem. 

The TV transmitter sideband radiation falling outside the desired 
TV channel can cause harmful interference to LMS receivers 
operating in the same area. It is felt that the geographical 
separation for adjacent channel operations proposed in Docket 
18261 are adequate to prevent this type of interference. 

Radiation from the local oscillator of TV receivers could 
interfere with LMS stations operating in the same area, especially 
if the transmitter and receiver are on top of the same building. 
This could affect LMS frequencies in the seventh channel above the 
TV channel being received by the UHF TV receiver. Should base 
station transmitters be so located, then that particular TV 
channel (45.75 MHz above the-TV receiver channel) must be left 
unassigned. 
Intermodulation products from two adjacent TV transmitters could 
fall within an adjacent channel used by the LMS. In addition, a 
number of intermodulation products between adjacent LMS and TV 
transmitters in the same area could fall on LMS frequencies. The 
intermodulation interference problems could be considerably 
reduced by careful selection of the LMS base station sites and 
frequencies. 

Enhanced propagation of VHF TV signals caused by tropospheric 
conditions is, by far, the most difficult to identify and resolve. 
It may be necessary to develop special sharing criteria for them 
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reduced by careful selection of the LMS base station sites and 
frequencies. 

Enhanced propagation of VHF TV signals caused by tropospheric 
conditions is, by far, the most difficult to identify and resolve. 
It may be necessary to develop special sharing criteria for them 
but at present, the problem is insufficient data on which to base 
a solution. 

In brief, interference into the land mobile service is not the 
limiting consideration in the inter-service sharing; it is 
automatically protected when the geographical separations required 
to protect the TV broadcast service are imposed. On the special 
occasions when interference does occur, economical remedies are 
available. Since the base station receiver is more vulnerable 
than the mobile station receiver, if the base station satisfies 
the interference criteria, then the mobile station is considered 
to be automatically protected. 

4.3.4 	Sharing Between LMS and Low Power TV Broadcast Service  

4.3.4.1 	Protection of the Low Power TV Broadcast Service  

The LPTV broadcast service is protected up to the contour at which 
( ) 'k the field strength drops to 74 dBg. The service is protected for 

(,Pe 

	

	80% of the time from interference, largely from other LPTV 
broadcast systems, since it is a secondary service. 

The minimum separation between a LPTV transmitter and a base 
station transmitter could be as little as 40 miles. This could 
present a problem especially if both the LMS base station 
transmitter are at elevated sites. To prevent interference of 
this type, it may be necessary, in some situations, to forego the 
use of elevated sites. 

The protection adopted for current shared LMS operations on 
channels 14 to 20 from LPTV stations does not consider protection 
for LMS base station receivers located at elevated sites, they 
permit an F(50,50) field strength of 52 dBg for the LPTV signal at 
the LMS protected contour in co-channel cases. Similarly, they 
allow 76 dBg for the LPTV signal in adjacent channel cases. These 
criteria represent a concept which would provide "equivalent 
protection" to an LMS receiving antenna 30 ft. above the ground. 
This is a typical height for roof-top TV antennas but is much 
lower than typical base station antennas. 
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5.0 	DETERMINATION OF SHARING CRITERIA FOR CANADA 

	

5.1 	INTRODUCTION 

The significant parameters that have to be determined for inter-
service sharing are: 

a) minimum field strength of the desired signal at the receiver 
for an acceptable grade of service. The receiver is assumed to 
be located at the outermost rim or contour of the coverage area 

b) maximum field strength of the interfering signal at the 
protected contour of the desired signal. This involves knowing 
the protection ratio required to ensure that, with the 
interference, the quality is still acceptable 

c) from a) using the F(50,10) curves for the desired transmitter, 
the distance of the protected contour from the transmitter can 
be determined 

d) from b) using the F(50,50) curves for the interfering 
transmitter, the distance of the interfering transmitter from 
the protected contour can be determined 

e) from c) and), the minimum separation distance required between 
the live transmitters - desired and interfering - can be 
determined, which will ensure that the protected contour is 
protected from interference for 90% of the time 

Since the protection ratio for the TV signal from interference 
from a land mobile signal is crucial, this has been considered in 
some detail in Appendix A. There, the results of several 
subjective tests on the effect on TV picture impairment from a 
wide variety of interference signals, is analyzed with a view to 
lending plausibility to the protection ratios used for this study. 

Another critical parameter is the propagation loss from 
transmitter to receiver. This is given in Appendix B. 

5.2 	PROTECTION OF THE TV BROADCAST SERVICE 

5.2.1 	Introduction  

The significant parameters to be determined to ensure adequate 
protection of the TV broadcast service from the land mobile 
service are: 

a) the field strength of the desired signal to be protected. 

b) the protection ratio. 

c) the maximum permissible interference from the land mobile 
service at this protected contour for less than 10% of the time 

117 



d) the TV transmitter characteristics and the LMS transmitter 
characteristics 

e) the propagation characteristics 

f) from the above, the minimum separation distances between the 
desired and interfering transmitters can be determined 

To gain insight into the effect of interfering signals on a TV 
picture, the characteristics of a TV signal is first described and 
then the effect of an interfering CW signal on picture quality is 
then described. 

5.2.1.1 Characteristics of a Television Signal  

A black and white (monochrome) television picture consists of 3 
component waveforms: 

- a "picture" signal which describes the brightness variations 
along the scan lines 

- a "sync" signal which provides synchronization information for 
reassembling the scans into a picture 

- a "sound" or audio signal 

For colour television, two additional waveforms are required in 
conjunction with the brightness signal to specify, for each 
picture element, the three characteristics of  its colour: 
brightness, hue and saturation. In this case, it is the 
combination of these three waveforms that is called the "picture" 
signal. 

In distributing television signals from studio to the broadcast 
stations, the "sound" waveform is usually sent separately over an 
independent channel, but the "picture" and "sync" signals are 
always sent together and called the "video" signal. 

Monochrome TV  

Consider the monochrome TV baseband signal. There, the "picture" 
signal describes only the brightness variations in the image being 
transmitted. It is obtained using a scanner that moves a spot 
across the picture in a series of vertically separated, horizontal 
lines and yields an instantaneous voltage proportional to the 
image brightness at the spot location. Scanning is from left to 
right beginning at the top, and the successive lines are separated 
by about twice the spot diameter which, in turn, is about 1/500 
the height of the picture. At the end of each line, during the 
time required to sweep the scanning spot back for the start of the 
next line, a blanking pulse is sent. This means that the 
"picture" signal drops to a so-called "blanking level" which lies 
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below the level corresponding to black (zero picture brightness), 
and ensures that the return trace on the picture tube will be 
invisible. When the bottom of the picture is reached, a much 
longer blanking pulse is sent and the spot is returned to the top 
of the picture for the next series of line scans. The lines of 
the next series do not retrace those just scanned but rather lie 
half—way between them, a technique called "interlacing." Each top 
to bottom scan is called a "field" and a complete scan of the 
picture, a so—called "frame," consists of two successive 
interlaced fields. 

A new frame is scanned every 1/30 of a second and the scanning 
rate is such that this is exactly 525 times the interval between 
successive line scans. For this reason, the type M system (used 
in Canada and the USA) is said to provide  a525  line picture. In 
practice, the blanking pulse at the end of each field has a 
duration of from 13 to 21 times the line—scanning period, which 
leaves only 483 to 499 lines to form a complete frame. Moreover, 
although the interval between successive lines is 1/(30X525) secs 
or 63.5 gsecs, the line blanking pulse lakes about 11 gs, leaving 
only 52.5 gs to write each line of picture information. 

The "sync" waveform consists of a short "horizontal sync tube" at 
theend of each line for triggering the next horizontal line sweep 
at the receiver, and a series of six longer "vertical sync pulses" 
at the end of each field for triggering the next vertical sweep. 
The latter are placed between two sets of 6 short pulses called 
equalizing pulses, and the whole 18—pulse sequence is then 
followed by, from 4 to 12 line sync pulses. The synchronizing 
pulses occur during the corresponding blanking pulses of the 
picture signal. The combination of the "picture" waveform and the 
Itsync" waveform is called the "video" signal which may be 
considered as a time—division multiplex of these two waveforms. 

The "sync" signal is distinguished from the "picture" signal not 
only in time, but also in amplitude. Unlike "voice" signals, the 
video signal has well—defined maximum and minimum values. In 
particular, when the video signal polarity is "positive" (signal 
level increases in transition from black to white), the maximum or 
peak amplitude is called the "peak white level" and represents the 
amplitude corresponding to maximum picture brightness. The 
minimum amplitude is the "sync—peak level" which corresponds to 
the tips of the sync pulses. The difference between these two 
levels is' the "peak—to—peak amplitude" of the video signal. It is 
the amplitude normally used in describing the overall magnitude of 
the video signal or the power it represents. 

The blanking level is customarily taken as the reference level for 
signal measurement. It is so positioned that the nominal 
amplitude of the picture signal (measured from blanking level to 
the peak white amplitude level) is about 70% of the peak—to—peak 
video amplitude while the sync signal amplitude (measured from the 
blanking level to the peak sync level) is about 30% of the peak-
to—peak video amplitude. A fourth reference level, the "black 
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level," corresponds to zero picture brightness, lies just above 
the blanking level and as close to it as the state of the 
art permits. 

When used with vestigial side-band amplitude modulation (VSBAM) 
for TV broadcast in Canada and the USA, the video signal is 
reversed in polarity (negative modulation). The peak sync level 
then becomes the positive peak of the modulation envelope and all 
levels are 'measured with reference to the zero carrier level. 
Specifically, if the peak sync level is labelled 100%, then 
blanking level is 75%, and the peak white level would lie between 
0 and 15%. 

The third component of the monochrome TV signal, the "sound" 
waveform, is located exactly 4.5 MHz above the video carrier and 
ratio of sound carrier power to the peak power of -the modulated 
video carrier is kept at a fixed value, -6 dB. The sound carrier 
is frequency-modulated with a peak frequency deviation of ± 25 
KHz. 

The spectrum of a monochrome video baseband signal is rather 
complicated. It is basically a line, rather that a continuous, 
spectrum because of the periodically repetitive nature of the 
video waveform. The line duration is 63.5pS so the fundamental 
frequency of the repetitive signal is 15.75 KHz. Both the "sync" 
pulses and the brightness information in the line scans are 
repetitive with the same fundamental frequency. The video 
baseband spectrum consists of discrete frequency components space 
15.75 KHz apart; each discrete frequency component has discrete 
sideband components with a fundamental frequency of 60 Hz. The 
striking feature of the video spectrum is that most of the space 
between the dominant spectral lines is free of energy. figure 
5.2-1 shows a typical spectrum of a monochrome video signal. The 
relative amplitudes of the discrete lines are determined by such 
things as the maximum rate of change of the waveform e.g. pulse 
rise and fall times, and by, its "duty cycle" (ratio of pulse 
duration to pulse spacing). The vertical blanking part of the 
picture signal imposes a 60 Hz square-wave modulation on the 
brightness information and, hence each harmonic of 15.75 KHz is 
accompanied by symmetrical sidebands consisting of lines spaced 60 
Hz apart. The location of the first zero in the envelope of these 
sidebands is determined by the duty-cycle of the vertical blanking 
pulses and occurs at the 14th harmonic of 60 Hz or about ±840 Hz 
on the 15.75 KHz line. The bulk of the space between the 15.75 
KHz harmonics is empty. 

The foregoing applies when the image is a "still" picture, 
typically a grey scale. However, when there is motion, the 
modulation sidebands on the discrete lines spread out, thus 
filling up the empty spaces betWeen the discrete lines. The 
baseband frequency range of a monochrome TV signal is taken as 4.2 
MHz. 
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Figure 5.2-1: Typical Monochrome TV Spectrum 



Colour TV  

In a colour TV signal, the brightness information is contained in 
the monochrome TV signal. It is called the "luminance" signal. 
The colour (or chrominance) information is contained in two other 
signals called the "hue" and "saturation" signals. The two 
chrominance signals modulate a colour sub-carrier which is located 
in the same bandwidth as the luminance signal. 

The spectrum of the modulated subcarrier also is a line spectrum 
with each line, in turn, modulated by a 30 Hz square-wave to 
produce symmetrical sidebands about the line component. The 
chrominance sub-carrier frequency is chosen to be an odd-multiple 
of one-half the line scan frequency so that its line spectrum 
components fall in between the luminance . line spectrum components. 
The chrominance sub-carrier frequency was chosen to be the 455th 
harmonic of half-the-line frequency (15.75 KHz), i.e. 3.583125 
MHz. 

The "sound" carrier is located 4.5 MHz above the "picture" 
carrier. To ensure that interference due to possible beats 
between the chrominance sub-carrier and the sound will produce 
only low-visibility patterns on the picture tube, the difference 
between these two carriers is also made an odd-multiple of one-
half the line scan frequency. To accommodate this, the line scan 
frequency is changed from 15.75 KHz to 15.734264 KHz, and the 
frame rate is changed to 15.734264 KHz/525 = 29.97 Hz. The 
chrominance sub-carrier frequency becomes 3.579545 MHz. Figure 
5.2-2 gives a typical spectrum of an AMVSB, colour TV signal of 
the Type M, 525 line NTSC system. 
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Figure 5.2-2: Spectrum of a Type M, 525—line, NTSC Television Signal 
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5.2.1.2 	Effect of a CW Signal on a Monochrome TV Signal  

Imagine a scene of uniform luminance and chrominance. The colour 
sub-carrier in this case is unmodulated (since chrominance is 
uniform) and will be considered to be an interfering CW signal. 

Since the luminance or brightness is uniform, the luminance signal 
will consist of a fixed d.c. level. The combined video signal 
(monochrome picture + interfering CW) will have a waveform as 
shown in Figure 5.2-3A for each line. The interfering CW will 
produce alternating light and dark spots on every . line. These 
form a regular pattern which is more or less visible, depending on 
the relation between the line frequency, fL , and the chrominance 
sub-carrier frequency, f . Various relationships give minimum 
visibility. The one chogén in the NTSC system is: 

f  sc . 4(2n + 1) f
L' 

where n is an integer 

i.e. the chrominance sub-carrier is located half-way between two 
successive discrete line harmonics. 

There is, therefore, an odd number of half-cycles of carrier 
(colour) frequency in one line, and since the total number of 
lines in a complete picture is odd, it takes two pictures (four 
fields) for the complete pattern of dots to repeat itself. This 
can be seen by studying the raster shown in Figure B which 
consists of 9 complete lines (44 per field) and for which n . 4, 
giving f c  44 fia . In each consecutive field the dots are 
staggered, both vertically and horizontally, with respect to the , 

 previous field. There is therefore, on average, no static pattern 
of bright and dark patches. There is, however, a stroboscopic 
effect which causes the spots to appear to move up and down the 
screen at the rate of one line per field. The "dot" crawl can be 
visible in monochrome pictures, but only in regions corresponding 
to extended areas of uniform colour. Rapid changes of colour 
causes shifts in the phase of the modulated subcarrier which 
prevent regular, and hence discernible, patterns from being 
formed. 

The higher the CW frequency (sub-carrier frequency) is, the finer 
the dot pattern will be, and hence the less visible. As the CW 
frequency approaches a line harmonic, the interference pattern 
becomes more static and hence more visible. 

Any other interfering signal with modulation will cause the "dot" 
pattern to be more diffuse and, hence, less visible that a CW dot 
pattern. Again, the higher the frequency of the interferer, the 
less visible is its interference pattern on a monochrome TV 
picture; and the closer its frequency is to the mid-point between 
two discrete line harmonics, the less visible is its interference 
pattern. 
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In a colour TV picture, the effect of a CW interferer is most 
pronounced when the frequency of the CW signal is located at, or 
near, the luminance carrier frequency or the colour sub-carrier 
frequency and less pronounced as the frequency is offset from 
those two carrier frequencies. This is shown in Figure 5.2-4. 
The effect on picture impairment of a single land mobile service 
FM carrier will be very similar to that of a CW interferer, but 
with the peaks and troughs somewhat smoothed out. However, as 
more FM carriers are introduced, the interfering signal will tend 
to resemble a spread-spectrum signal and result in less impairment 
to the picture for a given desired signal-to-undesired signal 
power ratio at the receiver input. 
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5.2.2 	Susceptibility to Interference of a TV Signal  

5.2.2.1 	Introduction  

The effect of an interfering signal on the quality of a television 
signal depends, among other factors, on the nature of the 

.interfering signal: its power level, its spectrum and its 
frequency location in the video bandwidth. Figure 5.2-3 shows the 
protection ratio (desired signal/interfering signal power ratio) 
required to produce a "just perceptible" degradation in the 
picture for three different types of interfering signals: 

— wideband random noise (uniform RF spectrum) 

— spread spectrum signal with a (SinX)
2 

spectrum located with the 
( X ) 

first nulls at the visual and colour carrier 

— Sinusoidal CW 

The figure shows that CW is the "worst interferer." Interfering 
signals with modulation will have an effect equal to, or less 
than, the CW signal, depending on the spectral width of the 
interferer. The effect on TV picture quality of a land mobile 
service signal will lie somewhere between that of the CW signal 
and the spread—spectrum signal depending on the total bandwidth of 
the land mobile service signal and its location in the video 
bandwidth. 
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5.2.2.2 	Protection Ratios and Antenna Discrimination  

5.2.2.2.1 Protection Ratios for TV Signals  

The protection ratios, as given in Table 5.2 were derived in 
Appendix A and apply when the land mobile service uses only that 
part of a TV channel from 2.0 to 4.5 MHz. By using this part of 
the TV spectrum, the TV picture carrier located at 1.25 MHz and 
the aural carrier located at 5.75 MHz, are avoided. 

Protection Ratio (dB) 
Interfering LMS Channel 

ch 2-6 	ch 7-13 	ch 14-69 

co-channel, n = 0 	40 	40 	40 

adjacent channel, n = ±1 	-5 	-5 	-5 

*picture image channel, n . ±15 	. 	. 	10 

Note:  * 	The protection ratio for the picture image channel was obtained 
from one source only and is the average value of the measured data 
in that source. Further tests should be performed to verify this 
value. 

Table 5.2: Protection Ratios for AM-VSB TV from LMS  

5.2.2.2.2 Antenna Discrimination  

The antenna discrimination of the TV rpceiver antenna consists of 
two components: 

- antenna directivity (or gain) component 

- antenna cross-polarization component 

The F.C.C. reports indicate that the measured values of the main 
lobe, on-axis gain for TV receiver antennas varies from 10 to 20 
dB and the cross-polarization isolation (also measured on the on-
axis) varies from 20 to 30 dB. The additional information that is 
required are the gain and polarization isolation in other 
directions and, more specifically, in the 180°  direction  from the 
on-axis direction. Figure 5.2.2-4 shows the radiation pattern of 



a typical double bow tie antenna at 650 MHz. A corner reflector 
antenna has higher gain and better cross-polarization isolation. 

The double bow tie antenna radiation pattern shows that: 

1) if the interfering base station transmitter is interposed 
between the TV receiver antenna and the TV transmitter antenna 
(as would occur if the base station transmitter was radiating 
on the adjacent channel or the picture image channel of the TV 
transmit frequency), then the level of the interference signal 
relative to the desired signal level is determined largely by 
the polarization discrimination which is approximately 18 dB 
for the on-axis case. A value of 10 dB was assumed for the 
analysis for the whole of the main lobe (eu ± 30'). 

2) if the interfering base station ià located outside the main 
lobe, then level of the interference signal relative to the 
desired signal level is determined by the antenna front-to-back 
gain ratio only. A directivity discrimination factor of 10 dB 
was conservatively estimated for this analysis for all the off-
main-beam directions. This applies regardless of whether the 
two services use the same polarization or orthogonal 
polarizations. 	This applies largely when considering co- 
channel interference from LMS into the TV service. 

5.2.2.2.3 Adjacent Channel and Picture Image Channel Interference  

When considering co-channel interference only, the LMS base 
station transmitter must be located outside the TV coverage area 
circumscribed by the Grade B contour. 

However, when considering the cases when the base station 
transmitter radiates on the adjacent channel or the picture image 
channel, the base transmitter may be located outside the Grade B 
contour or inside the Grade B contour. In the tables that follow, 
the separation distances are given for the case when the base 
transmitter is located outside the Grade B contour. 

For cases, when the base transmitter is located inside the Grade B 
contour, the LMS will cause interference into TV receivers in a 
sffiall area around the base station transmitter. The size of this 
area depends on how far the base transmitter is located from the 
TV transmitter. The farther it is from the TV transmitter, the 
larger will be the interference area or zone because the desired 
TV signal level is lower in this area. this is shown in Figure 
5.2-5. The actual size of these interference zones or packets 
depends on the amount of shielding by the topography and the 
parameters of the TV transmitter and the base transmitter. 
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5.3 	PROTECTION OF THE LAND MOBILE SERVICE 

5.3.1 	Description of the LMS Signal  

The land mobile service is assumed to have the following 
characteristics: 

- separation between channels: 25 KHz 

- signal bandwidth: 16 KHz 

- peak test tone frequency deviation: 5 KHz 

The long-term frequency spectrum of a voice-modulated FM carrier 
contains a relatively large residual carrier in conjunction with 
the continuous part of the spectrum. The results of measurements 
made at the University of Essex of the long-term spectrum for 
different talker volumes are shown in Figures 5.3-1 and 5.3-2. 
The long-term spectrum is measured by recording a long 
conversation with all the inter-sentence pauses removed. However, 
the inter-syllabic pauses are retained. The residual carrier 
spike occurs during the inter-syllabic pauses when no modulation 
is impressed on the carrier when averaged over a long interval, 
the result is a residual spike at the unmodulated carrier 

• frequency. This could cause problems when the interference itself 
is a CW signal located within ± 3 KHz of the FM carrier. The 
long-term spectrum of a voice-modulated carrier with the above 
characteristics is given in Figure 5.3.3. 
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5.3.2 	Interference Susceptibility of a LMS Signal  

Several publications in the CCIR contain information on the 
protection ratio required by the land mobile signal. 

Figure 5.3-4 shows that for a Grade 3 service (passable) a 
protection ratio of 8 dB is required when the interfering signal 
iS another LMS signal in the same channel. The same report, CCIR 
Rep 899 gives the protection ratio in the presence of Rayleigh 
fading. This is shown in Figure 5.3-6. Figure 5.3-5 gives the 
sensitivity of the same receiver when the interference is wideband 
random noise. 

When considering interference from a TV signal, the foregoing need 
not be directly applicable. If the LMS spectrum is located in the 
TV channel between 2 and 4.5 MHz from the start of the TV channel, 
then the interference would be an amplitude-modulated signal with 
a line frequency harmonic serving as the interfering carrier and 
the 30Hz sidebands serving as the amplitude modulation. CCIR has 
suggested in Rep 358(4) that a protection ratio of 10 dB be 
assumed when the interference is a narrowband AM signal. The UK 
administration used this value in their analysis of TV 
interference into LMS. 

Under very special conditions - modulation on the TV carrier and 
when an LMS channel is located within ± 3 KHz of a discrete line 
component - the residual carrier spike could cause a single audio 
tone to occur at the receiver output. Figure 5.3-7 gives the 
audio S/N versus RF C/I for this case. This tone will occur in 
the inter-syllabic pauses when its presence will be most 
objectionable. Tests will have to be performed to check if this 
does, in fact, occur and what the protection ratio should be. In 
the analysis performed for the areas of Montreal, Toronto and 
Vancouver, (see Chapter III) a protection ratio of 10 dB will be 
assumed for interference from TV. 

In a TV channel, the line harmonics in the region from 2-4.5 MHz 
are more than 30 dB below the level of the picture carrier. For 
the line harmonic to be 10 dB below the LMS signal, the TV picture 

•  signal. 	The protection ratio in terms of the LMS signal and the 
TV signal becomes - 20 dB. 
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(A) 

- Wanted Signal: 10 gV 
- Carrier Offset: 0 Hz 
- FM Carriers: 25 KHz and 

12.5 KHz 

CD  

(B) 

- Wanted Signal: 3 gV 
- Carrier Offset: 500 Hz 
- FM Carriers: 25 KHz and 
12.5 KHz 

s-1 
CD 

(c) 

- Wanted Signal: 10 gV 
- Carrier Offset: 500 Hz 
- FM carriers: 25 KHz and 
12.5 KHz }-1 

-4 	- 8 - ID, -11. -20 -.214 -oo 

Relative Co-channel Interference Level (dB)  

_g 	-zo -zit -00 

Relative Co-channel Interference Level (dB)  

CD  

0 	-s 	-t6 	-›1 -co  

Relative Co-channel Interference Level (dB)  

Figure 5.3-4: Grade of Service for Co-channel Interference  for  
LMS FM Carriers (25 KHz and 12.5 KHz spacings)  

Source: 	CCIR Report 899 
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Base Station, E(dBp) 

Mobile Station, E(dBp) 

5.3.3 	Protection Contours for the LMS  

The following characteristics are assumed for the LMS: 

- Base Station:  ERP = 150 W 

EHAAT = 150 ft. 

Receiver input level for 12 dB SINAD: (Table 5.3-1) 

- Mobile Station:  ERP = 25 W 

EHAAT = 6 ft. 
c' 

Receiver input level for 12 dB SINAD: (Table 5.3-1) 

The minimum field strength at the protected contour is also given 
in Table 5.3-1. The conversion from LMS receiver input power to 
the field strength in dBp was effected using Figure 5.3-8. The 
CCIR Report 358 (4) provides data to determine the minimum 
required field strengths for base stations to have a Grade 4 (on a 
point scale) quality of service. This data is given in Figure 
5.3-9. It is proposed to use the highest values. i.e.: 

Channels 2-6 	Channels 7-13 	Channels 14-69  

22 	22 	26 

18 	18 	18 

The protected field strength shall be protected for 907 of the 
time from interference. 
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Table 5-3-1: Minimum Field Strengths for INS Receivers  
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Figure 5.3-8: Conversion from Receiver Input Power (dBW) 
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Figure 5.3-9: Minimum Usable Field Strength, Emin, vs Frequency for LMS  



SERVICE 

uses the same Grade B contour 
as the TV Broadcast service. Its 

5.4 	PROTECTION OF THE LOW POWER TV 

The Low Power TV (LPTV) service 
values and protection ratio 
standard parameters are: 

- Transmit ERP: 	channels 2-6: 

channels 7-13: 100W 

channels 14-69: 5KW 

- Antenna EHAAT: 	100ft. for all frequency bands 

100W 

145 



6.0 	PROPOSED LICENSING CRITERIA FOR TV/LMS INTERSERVICE SHARING 

6.1 INTRODUCTION 

This section gives the minimum 
between the transmitters of the 
acceptable inter-service sharing. 
values of all the parameters used 
distances. 

separation distances required 
two different services for 

The various tables give the 
in arriving at the separation 

6.2 	PROTECTION OF THE TV BROADCAST SERVICE PROM  LIS  

The minimum separation distance required to protect the TV 
coverage at its Grade B contour from the LMS base station was 
computed by ensuring that the F(50,10) prediction value of the 
field strength, from the base station transmitter, complied with: 

Eu (50,10) = Ed  (50,50) - PR AD (dBg) 

where 

E
d
(50,50) = Grade B contour field strength 

PR = protection ratio in dB 

AD = antenna discrimination factor in dB including cross:- 
polarization and directivity discrimination 

ékffi>? 
A value of 10 dB was assumed knowing E (50,10), the distance of 
the protected contour from the base transmitter was then 
determined. 

Tables 6.2-1, 6.2-2 and 6.2-3 give the computed values for the co-
channel, adjacent channel and the picture image channels 
respectively. Table 6.2-4 summarizes the results. 

For the case of interference into the TV receiver from a mobile 
unit transmitter, Table 6.2-5 gives the margin when a mobile unit' 
is at the closest point to the Grade B contour. 
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Table 6.2-5: Interference from LMS Mobile Unit into TV Receiver at 
the Grade B Contour for the Co-channel Case 

The horizon is 8 miles from the 30 ft. antenna and 4 miles from 
the 6 ft. antenna so for the channels 2-6 and channels 7-13, the 
TV receiver antenna is well below the horizon. Additional losses 
will occur due to diffraction at the horizon 
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6.3 	PROTECTION OF THE LMS FROM THE TV BROADCAST SERVICE 

6.3.1 	Protection of the Base Station Receiver  

The parameters and their values involved in determining the 
interference into the LMS base station receiver from a TV 
transmitter are given in Table 6.3-1. This table shows that for 
an acceptable level of interference, the distances between the 
stations should not be less than 110 miles, 130 miles and 120 
miles for the VHF low—band, VHF high—band and the UHF bands 
respectively. However, from Table 6.2-1, the minimum, separation 
distances, to avoid unacceptable interference into TV from the 
LMS, are 130 miles, 107 miles and 66 miles, respectively. 
Therefore, problems could arise in the VHF high—band and the UHF 
band. 

An alternative way of looking at this is given in Table 6.3-2 

However, with the separations determined in Table 6.2-1, the LMS 
base station, with antenna heights of 100 feet, is well below the 
lens sight of 63 miles. If Bullington's nomograph can be used to 
compute the additional diffraction loss introduced, the additional 
loss is 45 dB for the VHF lowband, 49 dB for VHF highband and 23 
dB for the UHF band. If this additional loss is included, then 
the negative margins disappear. 

In the FCC reports (TV transmitter ERP = 1,000 KW, EHAAT = 1,000 
ft. and LMS base ERP = 1 KW, EHAAT = 500 ft.), the minimum 
separation distance was found to be 90 miles. This was beyond the 
line of sight horizon of 78 miles and was considered to provide 
the LMS base station with sufficient protection from the TV 
transmitter. 

6.3.2 	Protection of the Mobile Unit Receiver  

Table 6.3-3 gives the margins for the protection of the mobile 
unit receiver. The margins for the highband VHF and UHF are 
insufficient. However, in the case of the highband VHF, the line 
of sight horizon is 48 miles, while the minimum separation 
distance from the transmitter is 83 miles. For the UHF band case, 
the minimum separation distance corresponds to that of the line of 
sight horizon, in which case, an additional loss of 20 dB will be 
incurred. 
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6.3.3 	Protection of the Mobile Unit Receiver from TV Receiver L.0  

The radiation from TV receiver's local oscillators affect the UHF 
band only. The frequency of the radiation from the local 
oscillators is 45.75 MHz above the frequency of the TV channel 
being received. 

(A) The following discussion is intended to give an indication of 
the effect of such radiation. The level of the local 
oscillator at the TV receiver input was measured to be 18 mV 
maximum in Project 6: CRTPB Ad Hoc Committee's Report. 

This amounts to a power level of lgW (-60dBW) into a 300 
resistance. 	Allowing a cable loss of 2 dB, the level at the TV 
receiver antenna is —62 dBW. 

The antenna directivity gain can be taken as +8 dB in the 
direction of the mainlobe and —8 dB in all other directions, 
giving an ERP of —54 dBW in the mainlobe and —70 dBW in all other 
directions. 

The electric field strength at any distance, d (in miles) from the 
TV receiver can be computed from: 

E (dBg) = 10logPerp + 201ogHt  + 20logHR  — 401og d — 7.0 

when HT and HR are in feet 

For the particular case when HT  = 30ft. and HR  = 6ft., the 
electric field strength becomes: 

E (dBg) = 10logPerp — 40log d + 45.4 	(1) 
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The following table gives the interference field strength at the mobile unit 
which should not be exceeded. 

Table 6.3-4: Maximum Interference Level at the Mobile Unit  

Minimum desired Signal (dBg) 	18 

Required Protection Ratio (dB) * 	10 

Receive Antenna Polarization Discrimination (dB) . .0 

Max: permissible Interference Level (dBg) 

Note: * see Section 5.3-2 

Using the values given in Table 6.3-4 for E in Equation (1), the following 
values of d, separation between the TV receiver and Mobile unit, were 
determined: 

- Main beam direction: 	642 feet 

- Off-main beam direction: 255 feet 

This may be somewhat conservative since the maximum local oscillator leakage 
was used in the analysis. 

(B) FCC Part 15 has specified that the local oscillator radiation 
from a TV receiver should not exceed 350 gV/m at a distance 
of 100 feet from the receiver. 

If the maximum permissible radiation at the mobile unit is to 
be 18 dBg, the 4equivalent field strength is 7.8 gV/m; then 
assuming a d-  propagation loss, the perMissable value of 
field strength will exist at a distance of 258 feet from the 
receiver. 

(C) In the foregoing paragraphs (A) and (B), it was assumed that 
the whole spectrum of the TV channel would be used by the 
land mobile service. If, however, only that part of the TV 
channel from 2.0 to 4.5 MHz is used, then the land mobile 
service will not be affected by the TV receiver local 
oscillator radiation. 

C) -
(

,1) 
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6.4 	PROTECTION OF THE LOW POWER TELEVISION SERVICE 

6.4.1 	Protection of the TV Service from the LMS Base Transmitter  

The standard parameters assumed for the LPTV transmitter are as given in 
Table 6.4-1. 

channels 2-6 	channels 7-13 	channels 14-69 
Parameters 

(54-88 MHz) 	(170-220 MHz) 	(470-806 MHz) 

ERP 	100 W 	100 W 	5 KW 

EHAAT 	100 ft. 	100 ft. 	100 ft. 

Field Strength at Grade B Contour 	47 dBg/m 	56 dBg/m 	64 dBg/m 

Distance to Grade B Contour 	7.5 miles 	5 miles 	7.5 miles 

Table 6.4-2 gives the minimum separation distances required 
between the LPTV transmit antenna and the LMS base station 
transmitter to ensure that the Grade B contour is protected for 
90% of the time from interference from the land mobile service. 
Tables 6.4-3, 6.4-4 and 6.4-5 indicate how these separation 
distances were derived. Figures 6.4-1, 6.4-2 and 6.4-3 give the 
propagation characteristics of the LPTV service. 

Table 6.4-1: Standard Parameters for LPTV Transmitters  

6.4.2 	Protection of the LMS from the LPTV Broadcast Service  

6.4.2.1 	Protection of the Base Station Receiver  

Table 6.4-6 gives a detailed breakdown of the computation involved 
in determining the interference into the LMS base station receiver 
from the LPTV transmitter for the co-channel case, for the minimum 
separation distances given in Section 6.4.1 

The table shows that there is adequate margin for channels 2-6 and 
channels 7-13 but for the UHF case, the margin is not adequate. 
Adequate margin can be obtained by: 

- reducing the height of the LPTV transmitter antenna from LOOft. 

- reducing the ERP of the LPTV transmitter from 5 KW 
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6.4.2.2 

- reducing the height of the base station receive antenna from 
150f t.  

- use of directional antennas with a null in the direction of the 
base station antenna 

The margin gained in reducing the antenna height (LPTV Tx or Base 
Rx) is 201og 10  (H/Hn ) where H is the reduced height and Ho  is the 
standard parameter height. For example, reducing the base station 
antenna height to 100ft. will give a margin of 3.5 dB. The margin 
gained by reducing the LPTV transmitted ERP is 101og (P/Po ) dB. 

Protection of the Mobile Unit Receiver from the LPTV Transmissions  

Table 6.4-7 gives the computed details of the interference from 
the LPTV transmitter into the LMS mobile unit receiver at its 
closest point to the transmitter. The margin is adequate since 
the mobile unit will only receive this interference when it is at 
its closest point to the LPTV transmitter and when it is 
operating. 

6.5 	CONCLUSIONS 

6.5.1 	INTRODUCTION 

The analysis presented in this report is based on the following: 

1) the propagation curves for the different transmission paths are 
valid 

the protection ratios are valid 
A A 

3) the antenna discrimination factor is valid 

— A tpû-es 

>4>0 

1 

4) the transmitter and receiver characteristics are valid 

The propagation curves, used in the analysis, were checked against 
those available in published literature and give good agreement. 
However, published curves do not always state the conditions for 
which their curves are valid. This is an area in which the 
uncertainty could be ± 5 dB. 

The protection ratios, used, were obtained from subjective test 
results by several different administrations under various test 
conditions. The values used in this report are conservative, 
probably, by at  1eas‹.75-11ib 

The antenna discrimination factor of 10 dB was assumed for both 
directivity and cross-polarization discriminations. Tests on a 
test range indicate that the back-to-front ratios could vary from 
10 to 20 dB and the cross-polarization discrimination from 20 to 
30 dB for the TV receiver antenna. Cross-polarization 
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Table 6.4-7: LPTV Tx Interference into LMS Mobile Unit Receiver  

Note: (1) The f(50,10) values were obtained from Figures 6.4-7, 6.4-8 and the minimum 
separation of the mobile unit from the LPTB Tx was 48.5 miles, 24 miles and 

11.5 miles for channels 2-6, channels 7-13, and channels 14-6a respectively. 
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discrimination for the mobile antennas of 10 dB was assumed. In 
all cases, it was assumed that the TV service would use horizontal 
polarization. For the TV receive antenna, a value of 10 dB is 
probably conservative by 15 dB. However, no measured data is 
available of the antenna discrimination of a TV receiver antenna 
in its installed environment. For the mobile receivers, 10 dB is 
probably 8 dB conservative for the base station and 5 dB 
optimistic for the mobile unit. Again, data on actual in—site 
measurements are not available. 

The analysis also assumes that the LMS spectrum in the TV channel 
would be from 2.0 MHz to 4.5 MHz. This is the part of the TV 
channel in which the transmitted ERP is the least and the required 
TV receiver protection ratio is the least. Extending this 
bandwidth by 0.5 MHz on each side will not invalidate the results 
so carrier frequency tolerance is not 'a Critical factor. It is 
felt that a conservative approach has been taken throughout. 

6.5.2 	Protection of the TV Broadcast Service from LMS  

All data required for licensing is presented in Table 6.5-1. Only 
the significant interference channels were considered. For the 
VHF channels, the picture image channel does not exist but data 
was included for interest, only. For the case of adjacent channel 
interference and picture image interference, the base station 
transmitter may be located inside or outside the Grade B contour. 
The separation distances given in the table are for the case when 
the base transmitter is outside the Grade B contour. 

6.5.3 	Protection of the Low Power TV Broadcast Service from LMS 

The licensing 
apply for the 

criteria is given in Table 6.5-2. The same comments 
VHF channels (i.e. picture image interference) 

6.5.4 	Protection of the LMS  

The analysis, based on the propagation curve, but excluding the 
effect of horizon shielding, indicates that the upper VHF and UHF 
channels of a TV transmitter could create unacceptable levels of 
interference at the base receiver. However, since the distances 
involve trans—horizon transmission and if the diffraction loss 
from a smooth, curved earth surface could be used, then the 
interference will be within the acceptable limits. 

The mobile receiver also appears to have problems at UHF but, 
again, the transmission path is trans—horizon and, consequently, 
this interference will only occur when the mobile unit is at its 
outermost point in its coverage area. i.e. nearest to the TV 
transmitter and only when it is operating at this point. It is 
felt that this is not a significant point. 
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As regards protection from Low Power TV transmitters, the 
separation distances appear to be adequate. 

Using only the limited part of the TV channel (2.0 to 4.5  MHz)  
also renders the LMS immune from TV receiver L.0 radiations. 

1 
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Table 6.5-1:  Protection of TV Broadcast Service from LMS 
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Table 6.5-2: Protection of the Low-Power TV Service from LMS 
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CHAPTER III 

DETERMINATION OF MOST SUITABLE VHF AND UHF CHANNELS 

FOR USE BY 

LAND MOBILE SERVICE .  

1.0 	INTRODUCTION . 

1.1 	PURPOSE 

In Chapter II, licensing criteria for inter—service sharing were 
established assuming standard parameters for the transmitters and 
receivers and assuming a uniform terrain irregularity factor of 50 
metres. The minimum signal field strength at the receiver, the 
protection ratios and the maximum field strength of the 
interfering signal at the receiver were determined; and based on 
the foregoing, the minimum separation distances between the 
transmitters of the two services (TV broadcast and land mobile) 
required for inter—service sharing of the same spectrum were 
determined. 

In a practical situation, however, the parameters need not have 
the standard values, and the actual terrain irregularity must be 
taken into consideration. In Chapter III, the actual station 
parameters and terrain characteristics are used, in conjunction 
with the maximum interference levels as determined in Chapter II. 

1.2 	FORMAT 

Section 2 gives all the documents used in the analysis, while 
Section 3 gives all data in which the minimum separation distances 
between transmitters of the two services are based. The 
transmission path loss prediction curves are given in Appendix B 
to Chapter II. Section 4 shows how the channels available for 
land mobile use were determined. 
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for Toronto, 

"A Guide to 
in the Area 

2.0 	DOCUMENTATION 

2.1 	REFERENCE DOCUMENTS 

1. DOC Provided Channel Allocations and Assignments 
Montreal and Vancouver. 

2. Hufford, G.A., Longley, A.G. and Kissick, W.A., 
the Use of the ITS Irregular Terrain Model 
Prediction Mode," NITA Report 82-100: April 1982 

3. Longley, A.G. and Rice, P.L., "Prediction of Tropospheric 
Radio Transmission Loss and Computer Method," ESSA Technical 
Report, ERL 79 — ITS 67: 1982. 

4. Relevant Topographical Maps. 	
. 

5. Sams, Howard W., Reference Data for Radio Engineers, Fifth 
Edition, I.T.T.: 1968. 

6. Volume II. 

2.2 	ABBREVIATIONS 

ERP 	effective radiated power 

EHAAT 	effective height above average terrain (of the transmit 
antenna) 

height of receive antenna 

terrain irregularity"factor 

dBg 	decibels above 1 gV/m (measure of field strength) 

F(50,50) field strength received at 50% of the locations for 50% 
ofr  the time 

F(50,10) field strength received at 50% of the locations for 10% 
of the time. 

LP 	low power (TV transmitter) 

VLP 	very low power (TV transmitter) 

LMS 	land mobile service 

HR 
Ph 

181 



3.0 	DETERMINATION OF INTER—SERVICE SHARING CRITERIA 

3.1 	INTRODUCTION 

To evaluate the possibility of inter—service (TV and LMS) sharing 
in specific cities (Toronto, Montreal, and Vancouver), it was 
necessary to establish the locations and operating areas for the 
land mobile service. It was assumed that the base station could 
bse located anywhere within a radius of 30 km from the city centre 
and that the mobile units would operate in an area within a radius 
of 20 km from the associated base station. To avoid 
intermodulation problems with TV transmitters located in the same 
area, but at different frequencies, the base station should be at 
least two miles from a TV transmitter. 

The method used to check whether a particular TV channel could be 
used by a land mobile system in the locations areas indicated, is 
illustrated in Figure 3-1. In Case I, the TV transmitter is 
located far enough from the base station operating area that 
interference into its Grade B contour receivers is acceptable. In 
Case II, the TV transmitter is close enough that base transmitters 
in the city centre area will cause unacceptable interference; and 
hence, a TV channel cannot be used by the LMS. In III, the 
interference into the TV service may be acceptable provided the 
base stations are located in a restricted area of the proposed 
operating area. In such cases, more careful examination of the 
shielding factors, etc., will be required to firmly establish 
whether the channel, if indeed the channel, may be used by the LMS 
and under what conditions. 

The analysis employed is really a statistical one in the sense 
that for each city, an average terrain irregularity factor and 
average height (both derived from topographical maps) were used to 
characterize the terrain. The actual terrain characteristics from 
a particular transmitter to a particular receiver were not used. 
This may be done, at a later date, for the marginal cases should 
it be required. The characteristics used for the transmitters, 
receivers and transmission path loss are given in Appendix B to 
Chapter II. 

A check of the tables of assignments for Toronto, Montreal, and 
Vancouver re‘iealed that there were no channels available at  VI-IF 

 (Channels 2-13) for use by the land mobile service so the effort 
was largely concentrated in the UHF band. 
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area for a 
from City Centre) 

area for a base 
City Centre) 

outermost operating 
\/Illobile unit (50 km 

outermost location 
j...----station (30km from 

n 

the city centre 

*cc = city centre 

*d 
min 

minimum separation  distance 
between TV Tx and Base Tx 
required for the protection 
of the TV service 

*d 	distance of TV transmitter from distance from 
City Centre, d c  

TV Transmittdr location 

Figure 3-1: Diagram Illustrating How TV Channel Availability  
Was Determined For Co-channel Interference  

Case I : (d
c - 30km) > dmin, the TV channel can be used for LMS 

Case II : (d
c 30km) < dmin, the TV channel cannot be used for LMS 

Case III: 	d 2..> dmin, then only part of the area within the 30km radius 
fÎom the city centre can be used for the location of a base 
station. In the tables, this is denoted by P. 
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3.2 . 	DETERMINATION OF MINIMUM SEPARATION DISTANCES BETWEEN SERVICES 

The following interference limits were considered: 

A. Base transmitter interference into TV receiver, 
B. Mobile transmitter interference into TV receiver, 
C. TV transmitter interference into base receiver, 
D. TV transmitter interference into mobile receiver. 

A preliminary investigation indicated that the interference from 
and to a mobile unit dould be omitted so emphasis was placed on A 
and C. 

3.2.1 	Protection of the LMS from the TV Service  

•  Table 3-1A, 3-1B, and 3-1C give the minimum separation distances 
required to protect the base station receiver from the TV 
transmitter when TV services use vertical polarization. In this 
case, the maximum interference level permitted at the base antenna 
is 41 dB11. 

Table 3-2A, 3-2B, and 3-2C give the minimum separation distance 
required between the TV transmitter and the base station receiver 
to protect the LMS when the TV service uses horizontal__ 

-.) 

polarization. In this case, a higher level of interference-(51 N 
dBIL) is permitted because a polarization discrimination oriO dB ' 
was assumed for the base station receive antenna. The minimum,- 
separation distances in this case are less than when both services 
used vertical polarization. 

3.2.2 	Protection of the TV Service  

Tables 3-3A, 3-3B and 3-3C give the minimum separation distances 
required between the TV transmitter and the Grade B contour, base 
transmitter and the Grade B contour, and the TV transmitter and 
base transmitter to ensure that the TV service is protected on the 
Grade B contour. 

A 10 dB antenna discrimination was assumed for the TV receive 
antenna for radiations from the base transmitter. This was used 
for both cases of TV service polarization (VP and HP). If 
vertical polarization is used, then the antenna discrimination is 
largely the front-to-back gain (or directivity) ratio; if 
horizontal is used, then the antenna discrimination comes largely 
from the polarization discrimination. 

3.2.3 	Significant Minimum Separation Distances  

Table 3-4A gives the minimum separation distances required between 
the TV and base transmitter when TV service uses vertical 
polarization, for the protection of the TV service and LMS. Table 
3-4B provides the same information for horizontal polarization. 
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From the information provided in the tables, it can be seen that 
the TV service is the more sensitive one; and hence, the minimum 
separation distances required between the TV and base transmitter 
for the protection of the TV service was used in the analysis. If 
the TV service is protected, the LMS is automatically protected. 
Table 3-5 gives the minimum separation distances between the TV 
and base transmitter required to protect the TV services when the 
interfering LMS signal is co-channel (n = 0) picture-image channel 
(n = ±15) and adjacent channel (n = ±1) relative to the desired TV 
channel. 

For the adjacent and picture-image channel, it was assumed that 
the base transmitter was located outside the Grade B contour of 
the TV coverage area. However, for these interference channels, 
the base transmitter may also be located inside the Grade B 
contour; in this latter case, the base transmitter will cause 
interference into TV receivers in its immediate vicinity. The size 
of the interference zone around the base transmitter will vary 
depending on the distance of the base transmitter from the TV 
transmitter, the TV receiver antenna discrimination 
characteristic, the electromagnetic shielding, etc. For this 
analysis, it was assumed that if a TV transmitter was located in 
the region within 30 km radius of the city centre and the LMS 
could not use the adjacent channels and the picture-image channels 
of that TV transmitter channel. 
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4.0 	DETERMINATION OF TV CHANNELS AVAILABLE FOR THE LMS 

4.1 	INTRODUCTION 

The data of Section 3 and the tables giving the TV assignments for 
Toronto, Montreal, and Vancouver were used to determine which TV 
channels could be used by the LMS operating in the area enclosed 
with the 30 km radius from the city centre. 

In each case, the co-channel interference was first considered to 
obtain which assigned channels could be re-used by the LMS. The 
criteria as explained in Figure 3.1 was used. Only the 
operational (OP) and temporarily operational (TO) assignments 
given in the assignment tables were considered. Some of the OP 
and TO assignments were located within the metropolitan areas, 
proposed, to be used by the MS base stations. For these 
assignments, since the separation distances are in general less 
than those required for adjacent channel and picture-image channel 
interference, the adjacent and picture-image channels for that 
particular assignment were considered unusable for the LMS. 

4.2 	RESULTS 

Tables 4-1A, 4-1B, 4-1C give the assigned channels, unusable 
because of cd-channel interference, adjacent channel interference 
and picture-image channel interference and the channels available 
for the use by LMS in each of the cities. 

The crosses: 	"X" indicate the channels assigned in Column 1, the 
channels unusable because of co-channel interference in Column 2, 
the chànnels unusable because of adjacent channel interference in 
Column 3, the channels unusable by the LMS due to picture-image 
channel interference in Column 4 and the channels available for 
LMS use in Column 7. The "P" in the columns indicated that only 
part of the circular area can be used for the location of base 
stations. A more detailed analysis of these assignments are 
required to verify this in a practical situation. 

Table 4.2 gives the channels that may be used by the LMS at the 
three cities. Again, only the operational and temporarily 
operational assignments were considered. 

Tables 4-3A, 4-3B and 4-3C give the same information as Tables 4- 
1A, 4-1B, and 4-1C; but when all the operational, temporarily 
operational, approved, under consideration, authorized, referred 
to CRTC, etc., assignments are all taken into account. Only co-
channel interference was considered. This information may be of 
interest for long-term frequency planning. 
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2r7 •548 -5,s4. •. 	. 	 X 63 '16.4- -1/o -- 
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3 0 	5-66 -51z. 	P 	 . 1).° - 	66. 	'181.-rigg 	X 	 `<1Q; 
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3b> 	LIDZ - bog 	X 	• 	 X 	12 	818 -824 	• 	• 

3 .-1 	08 - 6(4- 	• 	• 	 X î '13 	24  — 830, 	• 	a 

38 	61(-1. _ bit, 	• 	• 	 ‘>(' 	ri el- 	83o  —83L 	• 	• 
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•21 	glz.- sig 	 Si 	-izs  -114- 	. 	 • 	X 
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Fil 	63/ -628 	X 	X 	X 	11 8.48 - 854- 	X 	X 	. 	X  
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4 ,7 	LIDg 	-L.14- 	X 	x 	 • 	83 	84- -8() 	• 	• 	 ><  
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Table 4-3B 	TV Channels Available for LMS in UHF at Montreal  
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6. 12,- Sig X 	X 	 • 	S1 •PS - 1 34- 	X 	• 	 X  
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ab 	si-D. - 548 	X 	X 	 • 	6Z 158 -9 1)4 	X 	• 	 X  

21 	548 -554 ' • 	• X 	63 	11)4- -1/0 	X 	X 	 I
e 
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35 	59L -60.1 	X 	P 	P 	91 	81D. - 8i8 	. 	• 	 X 
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. 41 	1)3/ -638 	X 	• 	 X 	11 	848 -854- a. X  
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41 	go -1Abi X 	• 	 X' 
Table 4-3C TV Channels Available for LMS in UHF at Vancouver  
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5.0 	CONCLUSIONS 

Based on the 
TV channels 
within 30 km 
Montreal and 

tIstatistical" approach used in the analysis, the UHF 
available for use by the land mobile service (located 
from the city centre) in Toronto, Vancouver and 
given in Table 4.2 

The operational requirement that the base transmitters use a 
channel, a fixed frequency away from the mobile transmitters, will 
impose an additional constraint on the usable channels in the UHF 
band. 

In the analysis, "micro" terrain features were not considered; 
rather, à "macro" characteristic was used. This approach will 
affect the results for Vancouver and, to a lesser extent, those of 
Montreal. 

206 



LIST OF APPENDICES 

Appendix A to Chapter I Propagation Characteristics for the Land 
Mobile Service and the TV Broadcast Service 
Operating in the Frequency Band from 30 MHz to 
1000 MHz 

Appendix A to Chapter II 	Interference Susceptibility of the 525-Line 
NTSC TV Signal 

Appendix B to Chapter II 	Field Strength Prediction Curves 

Appendix A to Chapter III 	Transmission Path Loss Predictions 



Appendix A to Chapter I  

PROPAGATION CHARACTERISTICS FOR THE LAND MOBTLE SERVICE AND 

TEE TV BROADCAST SERVICE OPERATING IN TBE FREQUENCY BAND 

FROM 30 MHZ TO 1000 MHZ 



Appendix A to Chapter I  

PROPAGATION CHARACTERISTICS FOR THE LAND MOBTLE SERVICE AND 

THE TV BROADCAST SERVICE OPERATING IN THE FREQUENCY BAND 

FROM 30 MHZ TO 1000 MHZ 

1.0 Characteristics of the Propagation Path  

The propagation characteristics of the transmission path between base 
station antenna and the mobile station antenna largely determine the 
quality of service and the coverage area of the land mobile service. 
For this reason, the propagation characteristics will be studied in 
detail. 

Section 2.0 is intended to introduce the various factors that are 
involved in the propagation loss. Simple models of the path will be 
used to obtain analytical expressions for the loss due to the factors. 
Section 3.0 considers the path characteristics in an actual environment 
where the received signal is due to multiple specular and diffuse 
reflections, multiple diffractions, etc. The received field strength 
in such an environment can only be estimated from the results of many 
experiments, since an analytical expression is impossible. Because of 
the continually changing environment, the median field strength will 
fluctuate from location to location; it can only be described by 
statistical means. This is considered in Section 4. 

2.0 Factors Affecting Transmission  

2.1 Free-Space Transmission Formula  

If the transmitting and receiving antennas are isotropic and there are 
no objects in the region that absorb or reflect energy, then the power 
received by the receiving antenna is: 

P1 = Pt ( X/2nd) 2 	 (2-1)  

where P t is the power radiated by the transmitting, isotropic antenna 
(W) 

d is the line-of-sight separation between the two antennas 

is the wavelength in the same units as d. 

If the two antennas are not isotropic, then the equation becomes 

Po = Pt ( X/2Ed) 2  • gb.gm  = P1-gb•gm 

A-I-1 
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1 2 
(2-3) 

À 

where gh  and g are the power gains of the base (transmitting) and the 
mobile receivinig) antennas, respectively, in the direction of the 
line—of—sight path. 

The received power varies as d
-2 , i.e. it obeys the inverse square law 

relationship with distance. If the received power is expressed in 
decibels relative to one watt, then it decreases by 6 dB for each 
doubling of the distance or 6 dB per octave. 

In the real—life situation, even when there are no reflecting or 
obstructing objects between the two antennas, the transmission medium 
will consist of atmosphere. The absorption loss of water vapour and 
oxygen gases in the atmosphere is given in Figure 1. For the 
frequencies under consideration (less than 1 GHz) and for the distances 
relevant in land mobile systems (less than 100 km.), the transmission 
path losses in the atmosphere are negligible. The transmission medium 
between the two antennas may also consist of precipitation such as 
rain, snow, etc.: The absorption loss in rain is given in Figure 2. 
The transmission path loss due to absorption by rain is also negligible 
for the frequency range and the distances (path lengths) involved in 
the land mobile systems under consideration. We can therefore assume 
that the line—of—sight transmission path loss (for the path loss of the 
unobstructed direct—ray) is as given in Equation 2-2 for free space. 

2.2 Propagation Over a Plane Earth  

When propagating over a plane earth as shown in Figure 3, the earth 
serves as a reflecting surface and as a conducting path and thereby 
creates additional transmission paths between the two antennas. 

The power received by the receiving antenna becomes: 

( 	a 	iA 	 iA 
Pr  . Pt \ --7417 , 12  bb  . gm •11 	Re' + (1—R)A.e' + t:.  

 direct wave 	Y  

reflected wave reflected wave 

surface wave 

induction field and secondary ground effects 



The reflection coefficient, R, of the ground depends on the angle of 
incidence, 0, the polarization of the wave, and the ground 

characteristics and is given by: 

R =  sine - z 
sine z 

where z 

J E-  cos 20 
e
o 

E
o - cos ze 

(2-4) 

for vertical polarization 

for horizontal polarization 
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Figure 2: Signal Attenuation for Various Rainfall Rates 
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Figure 3: Propagation Paths over a Plane Earth 
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Table 2-1: Typical Ground Constants 



à,. 2Trd [ hb 	hm  2  .1- 1
r 

 2  - 2Trd 	hb - hm  
À 	 d 	 À 	 d 

1 
2 

4- 11 (2-5) 

-1 
A 

.( 27rd) 	(sine 4- Z) 2  
(2-7) 

E
o 

= E -j60a 

G = dielectric constant of the ground relative to free space 

a = conductivity • of the ground in mhos per metre 

The quantity, L\ , is the phase difference between the reflected and 
the direct paths between transmitting and receiving antennas. From 
Figure 3: 

(2-6) For d > 5hbohm , 	4uhb.hm  

Xd 

Since the earth is not a perfect conductor, some energy is transmittéd 
into the ground, setting up ground currents that distort the field 
distribution relative to what it would have been over a-.perfectly 
reflecting surface. The surface wave attenuation factor, A, depends on 
frequency, polarization, and the ground constants. An approximate 
expression for A is given by: 

which is valid for 1A1<0.1. The effect of this surface wave is only 
significant in a region a few wavelengths above the ground. This 
effect can be neglected except for very low frequencies. Typical 
ground constraints are given in Table 1. 

It is of interest to note that in the limit of grazing angle of 
incidence, the value of the reflection coefficient, R, approaches -1 
independent of the polarization. For frequencies above 100 MHz and for 
an "average" earth with constraints as given in Table 2-1 and for 
vertical polarization, 'RI exceeds 0.9 for angles less than 10° above 
the horizon. For horizontal polarization above 100 MHz, 1121 exceeds 
0.5 for angles less than 5° but must be of the order of a degree or 
less for IR1 to exceed 0.9. 

Under the conditions that R = -1 and A can be neglected, then: 

z 
 P 	4 • P 	sin 	
(1-rhbh/r) r  . 	• o  • 	. xd (2-8) 
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C = 4na0 (2-10) 

where P is the expected power over a free space path and is given in 
Equation (2-2). In most mobile radio applications, except very near 
the base station antenna, sin AR; A; thus the transmission loss over a 

2 2 
plane earth is given approximately by: 

Pr  =P  • gb  gm  (hb .h 2  

m,)d 2  

(2-9) 

This yields an inverse fourth-power relationship of received power with 
distance from the base station antenna. 

2.3 Rough Surface Reflections  

At higher frequencies, where the wavelengths are small, the earth can 
no longer be considered as a plane surface even for small surface 
irregularities. A measure of the surface "roughness" that provides an 
indication of the range of validity of range of validity of Equation 2- 
3 is given by the Rayleigh criterion, which is: 

where a is the standard deviation of the surface irregularities 
relative to the mean height of the surface, is the wavelength, and 0 
is the angle of incidence measured in radians from the horizontal. 
Experimental evidence shows that for C<0.1, the reflection can be 
regarded as specular and the surface as smooth. For specular 
reflections, Snell's Law may be used to compute the reflected ray's 
path. For C >10, the surface may be regarded as "rough." For "rough" 
surfaces, Snell's Law does not apply, and the reflection is regarded as 
diffuse. Diffuse reflection scatters energy in all directions so the 
actual amount reflected in the direction of the receiving antenna is 
small; and hence, the reflection coefficient is low in amplitude. 
Bullington has found that most practical paths at microwave frequencies 
are relatively "rough" with reflection coefficients in the range of 0.2. 
- 0.4. 

2.4 Refraction and Equivalent Earth's Radius  

Because the index of refraction of the atmosphere is not constant but 
decreases (except during unusual atmospheric conditions) with 
increasing height above the earth, electromagnetic waves are bent as 
they propagate. The mean variation in refractive index can be 
considered linear with a constant gradient g of the form: 

(2-11) n = no gh 

where H is the height above the earth's surface. 
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(1 4.h) — 	o cosa k COSOf 
a 

(2-13) 

1 
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In a medium where there are abrupt changes in index of refraction, 
Descarte's law applies: 

n(a 4- h) cosa =  na  cosao 	 (2-12) 

where a and a are the angles at the discontinuity at height h above 
the surface °of the earth of radius a. (See Figure 4) If the 
atmosphere is uniform, the equation for rectilinear propagation is: 

When n has a constant gradient, the propagation is given approximately 
by: 

4,(h 	cosa cosao 
a 

If we replace the earth's radius, a, by a fictitious value, a', where: 

a' = 	
-1

a 
), 

(2-15) 
we now have an expression in the same form as for rectilinear 
propagation. 

Since the index of refraction in the troposphere is very nearly unity, 
the N unit has been defined for convenience: 

Ns  = (n  - 1) x106  

where n is the index of refraction in the atmosphere. Values of the 
minimum monthly mean value of N throughout the world have been 
published. The most commonly used value for N is 301. This gives a 
value for the effective earth's radius a' which corresponds to the 
four-thirds of the actual earth's radius a. The empirical formula for 
a' is given by: 

a' = 6370 [1 - 0.04665 exp (0.005577Ns)] -1
(km) 

(2-17) 

where 6370 km is used for the earth's radius. 

(2-14) 

(2-16) 



Some of the energy radiated by a transmitting antenna will be at 
elevation angles greater than the local horizontal. This energy will, 
in some cases, be bent sufficiently in the atmosphere to arrive at the 
receiving antenna providing yet another transmission path between the 
two antennas. Since the index of refraction changes with time, 
refracted waves are a major source of time-dependent anomalous 
propagation to distances well beyond the horizon. Under certain 
conditions an inversion in the index of refraction occurs at certain 
heights. The phenomenon of "ducting" is then said to occur in which 
electromagnetic waves are propagated over long distances. "Ducting" is 
another source of anomalous propagation to distances well beyond the 
local horizon of a smooth spherical earth. 

2.5 Transmission Over a Smooth Spherical Earth  

At microwave frequencies, diffraction due to the earth severely limits 
the amount of energy that propagates beyond the horizon. Considerable 
work has been done in an attempt to predict the signal attenuation over 
transhorizon paths. Generally speaking, these are semi-empirical 
formulas which apply for frequencies below 1000 MHz. It is possible to 
obtain analytical expressions for the diffraction over a perfectly 
conducting sphere; however the expressions are not simple relationships 
between the factors of frequency, conductivity of the earth, antenna 
height, and distance which govern the attenuation. 

It is, however, desireable to be able to estimate signal strengths 
beyond the horizon, particularly for cases where the same frequencies 
are being used at separated base stations. Bullington has reduced the 
involved analytical relationships for the propagation over a smooth 
spherical earth to various asymptotic forms. Figure 6 is a nomograph, 
accurate to ±2 dB, which was derived from his approximations. The 
parameters involved in this nomograph are shown in Figure 5. 



FIGURE 4: Ray Bending from Propagation through the Atmosphere  

FIGURE 5: Loss Relative to Free Space for Propagation Over a Smooth 

Spherical Earth  
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E = A exp (jA) 

'cp (2-18) 

(2-21) 

(2-22) 

2.6 Knife Edge Diffraction  

Very often in the mobile radio environment a line-of-sight path to the 
base station is obscured by obstructions such as hills, trees and 
buildings. When the shadowing is caused by a single object such as a 
hill, it is instructive to treat the object as a diffracting knife edge 
to estimate the amount of signal attenuation. 

Within the shadow region of the knife edge, the electric field strength 
E, can be represented as: 

where E is the value of the electric field at the knife edge, A is the 
amplitde, and Athe phase angle with respect to the direct path. The 
expressions for A andA are obtained in terms of the Fresnel integrals: 

A = S 	 (2-19) 

42 sin (A+ 
4 

A = tan-1  (s+ 	- n 
- 4 
C 	 (2-20) 

where 

C = 11 nD cos (n v 2 ) .dv 
40 	-i 
h 

S . soo sin (n v 2 ) .dv 
;di 

h - h ji2 (1 + 1\ o - 7 di (ID (2-23) 



For microwave mobile radio applications several assumptions can be made 
to simplify the calculations. Consider an infinite completely 
absorbing (rough) half-plane that divides space into two parts as in 
Figure 7. When distances d l  and d2  from the half-plane to the 
transmitting antenna and the receiving antenna are large compared to 
the height h, and h itself is large compared to the wavelength„ that 
is 

d
l' 

d
2 >> h >> X 

then the diffracted power can be given by the expression: 

P= 	1  
Po 2naho z 

(2-24) 

(2-25) 

This result can be considered independent of polarization as long as 
the conditions of Equation 2-24 are met. In cases where the earth's 
curvature has an effect, there can be up to four paths. Closer 
agreement with data over measured paths has been obtained by 
calculations that better describe the geometry of the diffracting 
obstacle and are given in CCIR, SGV, Report 715-1, 1982. Bullington 
has developed a nomograph to compute the losses due to a knife-edge 
diffraction. This nomograph is given in Figure 8. 

FIGURE 7: Geometry for Propagation over a Knife Edge  
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2.7 Effects of Rain and the Atmosphere  

Mobile radio signals are attenuated by the presence of rain, snow and 
fog. Losses depend on the frequency and upon the amounts of moisture - 
in the path. 	The effects of the oxygen and water vapour in the 
atmosphere is given in Figure 1. while the effects of rain are given 
in Figure 2. Compared to other sources of losses the losses due to the 
gases in the atmosphere and in rain are relatively insignificant for 
frequencies below I GHz. 

2.8 Depolarization  

The depolarization of the transmitted wave is another source of loss in 
the transmission path. Polarization discrimination is better in the 
open country and with high signal levels than when field strengths are 
low as, for example, when the UHF receiving antenna is surrounded by 
obstacles. The nature of the receiving site is also significant. 
Observations in Germany at VHF has shown that in shadow regions, the 
reflections have very little effect on horizontal polarization but 
their effects on vertical polarization are often great enough to 
seriously distort FM reception. However, measured data on this source 
of loss is scanty. 

3.0 Observed Attenuation on Mobile Radio Paths over Smooth Terrain  

It has been shown that using simple, idealized models for the 
transmission path, it is possible to calculate the transmission path 
loss relative to the free—space path loss between two antennas. In the 
real—life situation, the signal attenuations over actual mobile radio 
paths result from the presence of radio wave scatterers along the path 
within the mobile radio environment. Variations in the contour and 
Itroughness" of the terrain cause changes in the propagation loss as a 
result of specular reflection, diffuse reflection and diffraction. 
This loss varies from place to place in the environment and from time 
to time for the saine place; it can only, at best, be described 
statistically and the statistical values should be derived from 
extensive  measurements in the field. 

To study the propagation characteristics over actual mobile radio 
paths, we shall first assume that the terrain is relatively smooth. We 
define the terrain to be "quasi—smooth" when the undulations of the 
ground about the average ground height are less than 20 metres. This 
definition would still allow the actual surface to be either "smooth" 
or rough according to the Rayleigh criterion. Furthermore, the 
undulations should be "gentle" in the sense that the distance between 
the peak and trough should be much larger than the height of the 
undulations. The average ground level should also remain constant to 
within 20 metres for a distance of the order of IO kilometres. 
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The position of an antenna above the terrain affects transmission. A 
transmitting antenna, located 100 metres atop a mountain will propagate 
signals differently than an antenna located 100 metres above a flat 
plane. A definition of antenna height that accounts for this 
discrepancy is therefore required. The effective antenna height above 
the average terrain is illustrated in Figure 9. 

Some sort of classification of the environment is also required since 
the signal attenuation varies depending upon the type of objects that 
obstruct the path. The environmental types are conveniently classed 
under three broad classes: 

1. Open areas: areas where there are very few obstacles such as tall 
trees or buildings in the path. Examples are farm land or open 
fields. 

2. Suburban areas: areas with houses, small buildings and trees, 
often near the mobile unit. 

3. Urban areas that are heavily built up with tall buildings and 
multi—story residences. 

Transition regions will occur between the above classification types. 
However, the results obtained for the above types can be used to 
estimate the signal attenuations for these transition regions. 

The signal attenuation characteristics given in this section were 
determined by extensive measurements on radio transmission loss over 
various terrains in the frequency range from 20 to 10,000 Hz. To date, 
the most extensive work in the field has been reported by Okumura et. 
al. Okumura's results will be used to generate the prediction curves 
that are provided in the last portion of this section. 



2 kry, IS km- 

FIGURE 9: Definition of Effective Base Station Antenna Height  

3.1 Field Strength Variation in Urban Areas  

Since most mobile units are concentrated within large metropolitan 
centres, it is reasonable to use, for a basis of comparison, the median 
field strengths measured in quasi-smooth urban environments and then 
express suburban and open area measurements as departures from the 
baseline environment. Within the urban environment the received field 
strength is found to vary with the base station and mobile antenna 
heights, transmitting frequency, the distance from the transmitter and 
the width and orientation of the streets. The median field strengths 
in a quasi-smooth urban area show a relatively continuous change with 
frequency, antenna height, and distance, while other effects appear 
less simply related. 
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3.2 Distance Dependence of the Median Field Strength  

The signal received by the mobile units will fluctuate markedly (even 
when the Rayleigh fading is averaged out) since building heights, 
street widths and terrain features are not constant. It has been found 
from experiments that the median values of the received signals tend to 
decrease, rapidly, the further the mobile unit is separated from the 
base station. Figure 10 is a plot of the received signal power versus 
distance as measured by independent workers in three different cities: 
New York, Philadelphia and Tokyo. All the measurements were made at 
approximately 900 MHz from relatively high base-station locations. This 
remarkably consistent trend of both the fall-off of the median signal 
value with distance and the excess attenuation relative to free space 
leads one to hope that signal strength parameters in different cities 
will likewise exhibit consistent traits. 

The rate of signal decrease with distance does not appear to change 
significantly with increasing antenna height. However, raising the 
base station antenna height does tend to decrease the attenuation 
relative to free space, as shown in Figures 11 and 13. For antenna 
separation distances between 1 and 15 km, the attenuation of median 
signal power with distance changes from nearly an inverse fourth power 
decrease for very low base-station antenna heights to a rate only 
slightly faster that the free-space decrease for extremely high base-
station antennas. For antenna separations greater than 40 km, the 
signal attenuation is very rapid. 

3.3 Frequency Dependence of the Median Field Strength  

Signal attenuation increases in urban areas as the frequency increases. 
For a fixed antenna height, the signal attenuation as a function of 
frequency can be expressed in terms of n(P a f-n , where P is the 
median received signal power) for varying fEequencies. Figurés 12 and 
14 show that n is roughly constant for distances under 10 km from the 
base station. As the separation increases, the decrease in signal 
strength with frequency becomes more rapid. 

Figure 15 is a prediction curve derived by Okumura for thé basic median 
signal attenuation relative to free space in quasi-smooth urban areas 
as it varies with both distance and frequency. These curves provide 
the starting point for predicting signal attenuation. 
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The curves assume a base-station antenna height of 200 metres and a 
mobile antenna height of 3 metres. Adjustments to these basic curves 
for different base-station antenna heights and mobile antenna heights 
are considered in the paragraphs that follow. 

3.4 Antenna Height Dependence of the Median Field Strength  

In typical real-life situations the mobile antenna is likely to be 
buried within the confines of its surroundings while the base-station 
antenna will be elevated to some extent above local obstacles. The 
effect of the change of elevation is different in the two instances. 

The prediction curves for the base-station height-gain factor referred 
to the effective height of 200 metres are given in Figure 16, as a 
function of antenna separation distance. For separation distances 
between antennas of.less than 10 km, the received signal power varies 
almost proportionally with the square of the base-station antenna 
height (i.e. 6 dB per octave). For very high base station antennas and 
for large separation distances (greater than 30 km), the received power 
tends to be proportional to the cube of the height of the base station 
antenna (i.e. 9 dB per octave). The prediction curves may be used for 
frequencies in the range from 200 to 2000 MHz. 

The prediction curves for the mobile-station height-gain factor 
referred to a mobile station antenna height of 3 metres are given in 
Figure 17. The height-gain factor, if a 1.5 metre mobile antenna 
height is used, is -3 dB over a wide range of frequencies and for 
several base-station antenna heights. For mobile station heights 
greater than 3 metres, the height-gain factor becomes dependent not 
only on the frequency but also on the environment. 
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3.5 Correction Factor for Suburban and Open Areas  

Suburban areas are generally characterized by lower buildings and 
generally less congestion of obstacles than in cities. Consequently, 
one should expect the radio signals would propagate better in such 
environments. Okumura has found that there is practically no change in 
the difference between urban and suburban median attenuation (suburban 
correction factor) and changes in base-station antenna height or with 
separation distances between the base and mobile antennas. The 
suburban propagation does depend somewhat on the frequency and 
increases to some extent at the higher frequencies. A plot of the 
suburban correction factor is shown in Figure 18. 

Open areas tend to have significantly better propagation paths than 
urban and suburban areas and, typically, the received signal strengths 
run nearly 20 dB greater for . the same antenna height and separation 
distances. The open area correction factor is shown as the upper curve 
in Figure 18. 

3.6 Effects of Street Orientation  

It has been observed that radio signals in urban areas tend to be 
channeled by buildings so that the strongest propagation paths are not 
necessarily the direct paths diffracted over the edge of nearby 
obstructing buildings, but are found to be from directions parallel to 
the streets. Streets that run radially or approximately radially from 
the base station are most strongly affected by this channeling 
phenomenon. This causes the median received signal strength to differ 
by as much as 20 dB at locations near the transmitter, as shown in the 
signal strength model in Figure 15. 
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3.7 3.7 Effects of Foliage  

There are a great many factors that affect propagation behind obstacles 
such as a grove of trees. Precise estimates of attenuation are 
difficult because tree heights are not uniform; also the type, shape, 
density, and distribution of the trees influence the propagation. In 
addition, the density of the foliage depends on the season of the year. 
However, some success has been obtained by treating trees as 
diffracting obstacles with an average effective height. Figure 19 
shows a case in which this was done. 

3.8 Signal Attenuation in Tunnels  

It is known that frequencies in the VHF region, commonly used for 
mobile communications, are severely attenuated in tunnel structures. 
However, at.microwave frequencies tunnels are effective guiding or 
channeling mechanisms and can offer significant improvement over VHF 
communications. Figure 20 gives the loss characteristics in a tunnel, 
as measured in the Lincoln tunnel under the Hudson River. 
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3.9 Effects of Irregular Terrain on Median Field Strength  

A computer programme has been published by Longley and Rice that 
predicts the long—term median radio transmission loss over irregular 
terrain. The method predicts median values of attenuation relative to 
free—space transmission loss and requires the following: transmission 
frequency, the antenna separation, the height of the transmitting and 
receiving antennas, the mean surface refractivity, the conductivity and 
dielectric constant of the earth, polarization, and a description of 
the terrain. The programme was based on thousands of measurements and 
compares well with measured data over the following ranges: 

Parameter  
Frequency 
Antenna Height 
Separation Distance 
Surface Refractivity 

1.1111.B.Ê. 
20 MHz to 40 GHz 
0.5 to 3000 metres 
1 to 2000 km 
250 to 450 N units 

The critical parameters necessary in any prediction of path loss are 
those which characterize the terrain. The "interdecile" range, Ah (d) 
of terrain heights above and below a straight line is a parameter often 
used in prediction formulas and is calculated at fixed distances, d, 
along the path. Longley and Rice have found that the values  of Ah (d) 
increase with path length to an asymptotic value Ah according to the 
formula: 

Ah (d) = Ah [1 — 0.8 exp (-0.02d)] 	 (3-1) 

where Ah (d) andAh are in metres and the distance d is in km. For a 
particular path where profiles are available,Ah (d) can be calculated 
precisely. In other cases or for area predications for planning 
purposes, estimates  of Ah are given in Table 2. 

The computer method of Longley and Rice provides both point—to—point 
and area predictions that agree well with experiments, abut the 
calculation is complicated. An approximate predication curve for 
undulating terrain is given in Figure 21. 

median height of the ground 
order of 5 km. 	Figure 22 
K , that could be used for sp 

The propagation loss also varies when the 
is not flat but slopes for distances of the 
gives the terrain slope correction factor, 
planning purposes. 

The propagation loss also depends on whether the path is over land or 
over water. Usually on propagation paths where there is an expanse of 
water between the transmitting and receiving stations, the received 
signal strength tends to be higher than for cases where the path is 
only over land. The change in signal strength depends on the antenna 
separation distance and whether the water lies closer to the mobile 
receiver or the base station transmitter, or somewhere in between. The 
land—sea correction factor, k1,  is given in Figure 23; this factor may 
be used for frequency planningspurposes. 
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TABLE 2: Estimates  of Ah  
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4.0 Prediction of Field Strength  

4.1 Statistical Distribution of the Local Mean Signal  

So far, only experimental evidence of the behavior of median signal 
levels obtained by averaging received signals over a distance of 10 to 
20 metres has been presented. Smooth curves were obtained relating the 
variation of the median received signal with distance, base—station 
antenna height, frequency and environment: urban, suburban and rural 
areas. Consistent but less accurate predictions were found for median 
received signal dependence on street orientation, isolated ridges, 
rolling hills and land—sea paths. However, little or no data has been 
presented about the fluctuation of the received signal about the mean 
value. What is required is a knowledge of the signal distribution as a 
function of the above parameters. 

One consistent result that has been observed is that the distribution 
of the received signals at fixed base and mobile antenna heights, 
frequency, and separation distance from the base station within the 
same environmental class (urban, suburban or rural) have very nearly a 
normal distribution when the distribution is plotted for the received 
signal measured in decibels. 	Such a probability distribution is 
referred to as log—normal. 	Also, the excess path loss, that is, the 
difference in decibels between the computed value of the received 
signal strength in free space and the actual measured value of the 
local mean received signal has been observed to be log—normally 
distributed. Figure 24 gives typical measured excess path loss 
characteristics measured in New Providence and New York city at 11.2 
GHz. The distributions are log—normal with means of 37 dB and 46 dB, 
respectively, and with a standard deviation of 10 dB for both cities. 
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Okumura has measured the standard deviation of the median field 
strength variations in Tokyo and has found that the mean values of the 
standard deviation are not strongly dependent upon the base-station 
antenna height or antenna separation distance but do have a slight 
dependence with frequency. In these measurements base-station antenna 
heights ranged from 140 to 820 metres. For lower base-station antenna 
heights where there are obstacles in the path comparable in height to 
the base-station  antenna height, one would suspect that the standard 
deviation would increase somewhat. Ott made measurements in 
Philadelphia for base-station antenna heights from 15 to 25 metres. 
His results show a standard deviation that decreased very slightly with 
distance from a normal value of 8.2 dB at 1.5 km to 7 dB at 15 km. A 
partial explanation for this distance dependence of the standard 
deviation in Philadelphia is that the average building height was 
greater at a distance of 1.5 km from the base-station than at 15 km. 

A prediction curve for the standard deviation, a, of the log-normal 
distribution that describes the variation of the median signal strength 
values in suburban areas, as given by Okumura, is shown in Figure 25. 
The data spreads at 850 MHz are from the data of Black and Ott, while 
those at 127 and 510 MHz are from work by Egli and the data at 11.2 GHz 
are from the data by Reudink. 

In urban environments, the median field strengths vary depending on the 
percentage of land covered by buildings or the building density. 
Figure 26 gives a correction factor to be applied for various building 
densities. 
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Regression Curve Formula: 

(Source: CCIR SGV, Report 567-2, 1982) 

S = 30 - 25 log a 

f . 450 MHz 

3% < a < 50% 

= percentage of area covered by 
buildings 



4.2 Prediction of Median Signal Strength  

In order to predict the median power received by a mobile unit from a 
base-station antenna in a basic urban environment, the following 
equation, with all quantities in decibels, may be used: 

Pr = Po - Am (f ' d) 	Hb (hb' d) 	Hm (hm' f)  (4-1) 

where 

P
r 

is the value of the  predicted received power in an isotropic antenna 

Po is the power received for free space transmission by the same 
antenna 

Am (f,d) is the median attenuation relative to free-space in an urban  
area where the effective base-station antenna height is 200 m 
and the mobile-station height is 3 m. These values are 
expressed as a function of distance and frequency and can be 
obtained from the curves of Figure 15. 

• " 	• relative to.. a 200 m high base-station antenna in an urban  
area. This factor is dependent upon distance and has been 
plotted in Figure 16. 

H (h ,f) is the mobile-station height-gain factor expressed in 
m m 

decibels relative to a 3 m high mobile station antenna in an 
urban area. This factor is dependent upon frequency and has 
been plotted in Figure 17. 

If the particular propagation path happens to be over a different 
environment type than urban, or to involve terrain that is not "quasi-
smooth," the prediction formula for P must be amended by adding one or 
more correction factors that were desEribed earlier. 

Thus the "corrected" predicted received power P is: 
rc 

H
b 

(h
b'

d) is the base-station height-gain factor expressed in decibels 
. 	. 	. 

P
rc 
=P 

 r 
+K 

 so 
+K +K  + K

ls 
+K

• 

where 

(4-2) 

is the "correction factor for suburban and open terrain" which is so 
plotted in Figure 18. 

K , is the "correction factor for sloping terrain" which can be 
sr obtained from Figure 22. 

K
ls 

is the "land-sea correction factor," which provides a correction 
to the signal attenuation when there is an expanse of water in the 
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propagation path. 	This correction factor can be obtained from 
Figure 23. 

Kter is 
the "correction factor for rolling hilly terrain" which can be 

obtained from Figure 21. 

In addition to these factors, there are other factors such as isolated 
mountain ridges, street orientation relative to the base-station, the 
presence or absence of foliage, the effects of atmosphere, and in the 
case of undulating terrain, the position of the mobile station relative 
to the median height. These additional effects, together with the fact 
that the correction factors are indeed the basic transmission factors 
Am, Hh  and H are average values based upon empirical data, should 
indicate that dTscrepancies between measured and predicted values are 
still possible. However, the predicted values given in the foregoing 
(which are largely based on the work by Okumura), and measured data 
obtained from measurements made by different investigators over a 
variety of environments, antenna heights, antenna separation distances 
and frequencies, are in close agreement. 

4.3 Determination of Signal Coverage in a Small Area  

Let us assume °that the local mean signal strength in an area at a fixed 
radius from a particular base-station antenna is log-normally 
distributed. Let the local mean (that is, the signal strength averaged 
over the Rayleigh fading) in decibels be expressed by the normal random 
variable x with mean 2 (measured in dBm, for example) and a standard 
deviation a (dBs). The mean value, 3E, would, for instance, be the 
Itcorrected" predicted received power, P , given in Equation (4-2). As 
was shown earlier, 5": depends upon tie distance (0 from the base 
station as well as several other parameters. Let x be the receiver 
"threshold." We shall determine the fraction of the 18cations (at r 
R) wherein a mobile unit would experience a received signal above 
"threshold." The "threshold" value chosen need not be the receiver 
noise threshold, but may be any value that provides an acceptable 
signal under Rayleigh fading conditions. The probability density of x 
is: 

p(x) = 1 	. exp - (x - TO 2 	 (4-3) 

2a 2  

Note that since x, '5i and a are all expressed in decibels, this is a 
log-normal distribution. 

The probability that x exceeds the threshold xo  is: 

Px (R) . P [ x x
o
] . S œ p(x).dx 

xo  o 

. 4 - 4 erf  

7172-7, 
( 

(4-4) 
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F1 	p .dA u -17/T7 	x, 
(4-5) 

If we have measured or theoretical values for 2 and a in the area of 
interest, we can determine the percent of the area for which the 
average signal strength exceeds x . For example, at a radius where the 
median (and hence the mean of the0log-normal) signal strength is -100 
dBm (i.e. T. -100 dBm at some particular separation distance R and for 
some radiated power) and assuming our threshold happens to be -110 dBm, 
then if we assume a  = 10 dB, we have: 

	

Px (R) = 4 4. 4 erf 1 	= 0.84 or 84 percent 
o 	 42 

4.4 Determination of the Coverage Area from a Base Station  

It is also of interest to determine the percentage of locations within  
a circle of radius R in which the received signal strength from a 
radiating base-station antenna exceeds a particular threshold value. 
Let us define the fraction of useful service area F as that area, 
within a circle of radius R, for which the signal streagth received by 
a mobile antenna exceeds a given threshold xo . If P is the 
probability that the received signal, x, exceeds xo in an deremental 
area dA, then 

In a practical situation one would probably be required to break the 
integration into small areas in which P can be estimated and then 
summed over all such areas within a cirHe of radius R. For purposes 
of illustration, let us assume that the behavior of the mean value of 
the signal strength, M, follows an r-n  law with distance from the base-
station. 

Then 	i  =  a - 10n logio  3: 
(4-6) 

where 	a, expressed in dBs, is a constant determined from the 
transmitter power, antenna heights and gains, etc. Then 

Pxo  = 4 - 4 erf 	xo  - a t 10n logio r 

42.a 

Then letting a 

=( x

o  - 0 and b . 10 n logio  e/42 a, we get 

42 a 

Fo  . 4 - 1 	d erf (a b log r). dr  

Rz î 

(4-7) 
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The integral can be eValuated by substituting t =  a - b log
e 

r , so 

that 	F 	_ 2e  2a/b 	e-2t/b. erf(t).dt 	(4-8) u ja 

giving Fu = ½ 	+ erf(a) exp(2ab 	1) 
b 2  

1-erf (.1) + 1  
b (4-9) 

For example, let us Choose a such that x = xo  at r = R, then a . 0 and 

Fu  = h + ½ exp(1) [1. -erfal 	(4-10) 
1) 2 	‘b) 

Let us assume that n = 3 and a =  9; then F = 0.71, or about 71% of the 
area within a circle of radius R has  signal  above threshold when half 
the locations in the circumference have a signal above threshold. 

For the case where the propagation follows a power law, the important 
parameter is (a/n). Figure 27 is a plot of the fraction of the area 
within a circle of radius R that has a received signal above a 
threshold for various fractions of coverage on the circle. 
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FIGURE 27: 27: Fraction of Total Area with Signal Above Threshold,  Fu  

0 

a  =  standard deviation, dB 

path loss varies as r-n  

P (R) = coverage probability on area boundary (r = R) 
xo 

 

A—I-39 



4.5 Variation of the Local Median Field Strength with Time and Location  

The local median field strength at any location in the coverage area 
also varies diurnally and seasonally as the properties of the 
reflecting, refracting, diffracting and conducting surfaces vary. This 
variation, too, has been observed to be log-normally distributed for 
time percentages between 5% and 50%. 

The dependence of the Median field strength on 
nature of terrain is summarized in Table 3 which 
CCIR, SG5, Volume V, Report 567-2. 

location, time and 
was obtained from 

Longley has made an analysis of a large amount of 
the United States and has derived the following 
location variability (standard deviation)

L' wavelength, X, and terrain irregularity,Ah 

measurement data in 
expression relating 
to the transmission 

ci -6-1- 0.69 (Ali) 4  - 0.0063 (2i)(dB) 	s. 3000 	(5-1) L 	 ' ---- 
Â 	X 

=25 (dB) 	 , Ah > 3000 
À 

The data used in the study were spot measurements obtained over paths 
ranging from 0.5 to 120 km in length, with antenna heights from 0.6 to 
15 metres, over terrain ranging from plains to rugged mountains and at 
frequencies from 30 MHz to 10 GHz. 



Band 	cr L 	(dB) 	 at (dB) 

d (km) 	50 	100 	150 	175 
VHF 	8 

Land and Sea 	3 	7 	9 	11 

Ah(m) 	50 	150 	300 	Land 	2 	5 	7 

UHF 
10 	15 	18 	Sea 	9 	14 	20 

TABLE 3: Field Strength Dependence on Location, Time and Terrain  

- a
L 

= standard deviation with location 

- a
t 	

standard deviation with time 

- d  = path distance between antennas 

- Ah =  terrain irregularity factor 

- The values given in the above table apply to rural areas only. 

- For the evaluation of the probability of interference when preparing 
frequency plans for mobile radio, the following approximations may be 
used: 

- the time and location distributions are assumed to be Gaussian 
(dB) in the range of interest (5% to 50% time distribution) 

- standard deviations of the location and time distributions (a
L' a

t
) are derived from Rec 370, assuming a Gaussian time 

distribution for time percentages between 5% and 50% (Table 3) 

- the combined standard deviation is given by a  = 101, 2  ata 
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Appendix A to Chapter II  

INTERFERENCE SUSCEPTIBILITY OF TEE 525-LINE NTSC TV SIGNAL 

INTRODUCTION 

The protection ratio, which is the ratio of the desired TV signal 
level to the undesired interfering signal level at the TV receiver 
RF input, required to provide an acceptable picture quality in the 
presence of interference and noise is a critical parameter in 
frequency planning. Unfortunately, this parameter can only be 
arrived at by subjective testing and this leads to considerable 
uncertainties, largely due to the different conditions employed 
during the tests. The factors affecting the subjectively measured 
protection ratio are: 

- picture quality assessment scale 

- viewers 

- receivers 

- viewing conditions 

- wanted signal characteristics 

- carrier frequency offset 

- video signal-to-noise ratio at time of tests 

- presence of other interference and picture degradation 
sources such as multi-path, receiver distortion and other 
interference mechanisms such as power line hum, etc. 

To arrive at a protection ratio for 525-line NTSC TV signals when 
the interference is that from an operating LMS system, the 
measured protection ratios obtained from a wide variety of 
measurements performed by different administrations and using a 
wide variety of interfering signals, will be investigated. 

A2 	TV Interference Into TV  

A2-1 	FM TV Interference Into AM-VSB TV  

The results given here were conducted by NASA/FCC and submitted to 
the CCIR in Report 388 to show the effect of interference from a 
satellite TV system into a terrestrial broadcast TV system, both 
using the 525-line, NTSC picture. The interfering FM, TV signal 
had a peak frequency deviation of ± 18 MHz. The results can be 

Al 
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related to interference from an LMS system signal since an FM 
signal may be regarded as a CW signal being swept across the TV 
channel. 

Figure A2-1 shows the effect of the TV picture used in the tests. 
A "white" window is more susceptible to interference than a 
picture with a lot of detail or variation in the colour content of 
the picture. 

Figure A2-2 shows the effect of "still" pictures relative to off-
the-air programmes which contain "moving" elements in the picture. 
"Still" pictures are appi-oximately 5 dB more sensitive to 
interference. 

Figure A2-3 shows the effect of frequency offset between the 
carriers for a wide variety of test signals. 

Figure A2-4 shows the effect of the video signal-to-thermal noise 
ratio present at the time of the tests on the protection ratio. 
The more "noise" that is present, the lower the protection ratio 
required, since "noise becomes the principal interferer. 

The test results show that: 

a) Interference is more easily perceived- on dark-coloured 
areas than in lightcoloured areas. 

b) Pictures having large areas of uniform colour show 
interference more readily than scenes with multi-
coloured detail. 

c) "Still" pictures show interference more readily than 
Itmoving" pictures which are the main feature of off-
the-air programmes. 

d) Interference is less visible on pictures when the video 
SNR is reduced. 

Since most of the subjective tests use "still" pictures, the 
measured protection ratio could be conservative by, from 5 to 10 
dB when off-the-air programmes are viewed as is the case in actual 
practice. 

In the results, 
never exceeded 
interference"). 
always in the 
approximately ± 

the protection ratio for TASO 3 grade of service 
35 dB (corresponds to 50 dB of "just perceptible 
This was largely because the FM carrier was not 
TV channel, since it was swept over a band of 

6 MHz (pre-emphasized bandwidth). 
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A2-2 	AM-VSB TV Interference into AM-VSB TV Signal  

Under project 2229-45, F.C.C. labs conducted extensive tests on TV 
receivers in 1968/1969 to determine the protection ratio required 
for the "UHF taboo" channels. 

The results are summarized in Table A2-1. 

Since a TV signal may be regarded as an LM signal with added 
components (visual and sound carrier components) located at the 
most sensitive frequencies in a TV channel, it is expected that an 
interfering LM signal will require less protection ratio than an 
interfering TV signal. The assumption made here is that the LM 
signal, consisting of several channels, can be represented by the 
harmonics of the line frequency and the harmonics of the 
modulation on the colour sub-carrier. 

I. 
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1 

2) Minimum separation 
20 miles. 

distance for intermodulation channels is 

3) Minimum separation distance for IF beat channels is 60 miles. 

Re.c 	• 	D. 0,c___ 

co- c 	Ile\ 	
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Table A2-2: Protection Ratios for TV Interference into TV Used  

in Frequency Planning  

1) The co-channel, with offset, protection ratio is used in 
calculating the minimum separation distance between 
transmitters. 

Note 
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A3 	Multiple CW Interference into AM -VSB TV  

A3-1 	Voice-Modulated FM Interference into AM-VSB TV  

'These results were extracted from FCC project 2229-45 
"Interference to TV from Other Services" but the curves presented 
here were obtained from F.C.C. Report "A Preliminary Estimate of 
the Effect of Spread Spectrum Interference on TV". 

All the figures give the co-channel protection ratio to provide a 
TASO 3 grade service. 

Figure A3-1 gives the protection ratio as a single voice-
modulated FM signal injected into the TV channel at various 
frequency locations. This is the worst interference case. From 2 
to 4.5 MHz in the TV channel, the protection ratio is less than 40 
dB. 

Figure A3-2 gives the protection ratio when a single voice-
modulated FM signal and an unmodulated CW signal, located 15 KHz 
apart, are used as the interferers, while Figure A3-3 uses three 
interfering signals, located 30 KHz apart. The protection ratio 
characteristic becomes more uniform as the number of interferers 
is increased largely because the envelope of the interfering 
signal begins to approach the characteristics of random noise. 
The protection ratio in the region from 2 to 4.5 MHz is below 35 
dB. 

While Figures A3-1, 2 and 3 were measured on a VHF channel, Figure 
A3-4 gives the corresponding result of Figure A3-1 but measured on 
a UHF channel, where the presence of a converter could affect the 
performance. There is an anomalous peak at 3 MHz. 

Figures A3-5 and A3-6 compare the measured data with the CCIR mask 
and the FCC mask, respectively. 

From the foregoing, it can be seen as the number of interfering LM 
signals is increased (i.e. more LMS channels are activated), the 
interfering signal tends to approximate to wideband gaussian noise 
with the effect that the protection ratio is reduced. Figure A3- 
7, taken from another source, shows the protection ratio variation 
across the TV channel for interference from a CW, a spread-
spectrum signal With'its first nulls located at the visual and 
coIour sub-carrier, and from random noise. An operational LMS 
signal will tend to resemble a spread-spectrum signal, so a 
Protection ratio of 35 dB could be adequate. 



From the measured data, the following protection ratios are 
indicated: 

co—channel 	n = 0 : 	40 dB 
adjacent channel 	n —1: 	—10 dB 

 —7 dB  

alternate adjacent 
channel 	n = —2: 	— 

n . +2: 
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A3-2 	Two Equi-Level, FM Signals Interference into AM-VSB TV  

Tests were also conducted at the DOC (Canada) Labs under project 
6-Part B "LM Interference to UHF-TV." The attached results were 
extracted from the Report of the CRTPB Ad Hoc Committee. 

Measurements were performed not only on the co-channel (n = 0), 
but also on the adjacent channels (n ± 1) and the alternate 
adjacent channels (n ± 2). Two equi-level FM signals were used as 
the interference signal. The results are given in Figures A3-8, 
A3-9, A3-10 and A3-11. 

The results indicate that the following protection ratios are 
adequate if the LM signal is confined to the TV channel spectrum 
between 2 MHz and 4.5 MHz: 

co-channel (n = 0) 	: 40 dB 

	

adjacent channel (n-1) 	: -5 dB 

(n+1) : -20 dB 

alternate adjacent 
channel 	(n-2) 	: -40 dB 

(n+2) : -40 dB 

A3-4 	LM Interference into TV when the LM Interference is Located  

in the TV Image Band  

This 	information 	was 	extracted from D.O.C. Report "Image 
Interference to UHF TV Reception From LMS in the 806-890 MHZ 
Band," October 1979. 

The image frequency band is one of the "UHF taboo" channels. 
Measurements were performed with the LMS signal located 91.5 MHz 
above  the desired TV channel (i.e. 45.75 MHz above the local 
oscillator frequency for the desired TV channel). The result is 
shown in Figure A3-12, which indicates a protection ratio of 10 dB 
would be adequate. 

This value of protection ratio for the image (picture) channel 
appears to be high. The source article states that this 
protection ratio is required for "perceptible" interference. This 
was interpreted to be TASO 3 grade of service. However, if it was 
meant to be "just perceptible" interference, then the protection 
ratio for TASO 3 quality would be -5 dB. The value of 10 dB was 
used to be conservative but this value reouires further 
investigation. 
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The base transmitter may be located inside or outside the Grade B 
contour. The separation distances given are for the case  when the 
base transmitter is located outside the Grade B contour. When it 
is located inside the Grade B contour, the base transmitter will 
create "pockets" of interference zones, depending on the distance 
from the TV transmitter, the shielding and the TV receiver antenna 
discrimination. 

A3-5 	Conclusions  

Measured data from various sources and under various conditions 
indicate that the following protection ratios are adequate for 
protection of TV signals from  LINS  signal interference provided 
that the LMS uses only that portion of a TV channel spectrum from 
2 MHz to 4.5 MHz: 

co-channel interference (n.0) 	: +40 dB 

adjacent channel interference (n = ±1) : 	-5 dB 

alternate adjacent 
channel interference (n = ±2) 	: -40 dB 

Sound and Picture Image 
channel interference (n = ±15) 	: +10 dB 
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Appendix B to Chapter II  

FIiD STRENGTH PREDICTION CURVES  

Introduction  

The propagation curves were derived from the following sources: 

a) FCC R-6602 from FCC Rules and Regulations, 1983 

h) S. Ahmed and P. Constantinou. "A Mobile Interference Model 
into UHF TV Receivers," IEEE Trans VT, March 1983 

c) 	White: E.M.C. Handbook, Vol. 3, p.5.83. 

However, several other sources were investigated. 	Among them 
were: 

d) CŒR Rec 370 (4), Rep 567 (2), Rep 239 (5) 

e) Egli. "Radio Propagation Above 40 MHz Over Irregular 
Terrain," Proc IRE, October 1957 

f) J. McMahon. "Interference and Propagation Formulas and Tables 
Used in the FCC Spectrum Management Task Force LM Frequency 
Assignment Model," IEEE Trans VT, November 1972 

E.A. Neham. "An Approach to Estimating Land Mobile Radio 
•Coverage", IEEE Trans VT, November 1974 

h) A.P. Barsis. "Determination of Service Area for VHF/UHF LM 
and Broadcast Operations over Irregular Terrain," IEEE Trans 
VT, March 1973 

i) D.O.C. Report. "Image Interference to UHF TV Reception from 
LM Operation in the 806-890 MHz Band," October 1979 

The curves were checked against source (i) and are in good 
agreement. 



Mobile Base 
Transmitter ERP 	=  150W  

EHAAT . 150 ft. 

TV Receiver HR 	= 30 ft. 

B2 	Propagation Curves and Station Parameters  

In arriving at the field strengths versus distance curves, the 
following station parameters were assumed. 

Channels 2-6 (54-88 MHz)  

TV Transmitter: 	ERP 	= 100 KW 
EHAAT = 1000 ft. 

TV Receiver: H 	. 30 ft, 

Mobile Base 
Transmitter 	ERP 

EHAAT 
.  150W 

 . 150 ft. 

Mobile Transmitter ERP 	= 25 W 

HT 	
. 	6 ft. 

Channels 7-13 (170-220 MHz)  

TV Transmitter 	ERP 	. 316 KW 
EHAAT = 1000 ft. 

TV Receiver 	HR 	
. 30 ft. 

Mobile Unit 
Transmitter 	ERP 	= 25 W 

H
T 	

. 	6 ft. 

Channels 14-69 (470-806 MHz)  

TV Transmitter 	ERP 	= 1000 KW 
EHAAT . 1000 ft. 

Mobile Base . 
Transmitter 	ERP 	= 150 W 

EHAAT . 150 ft. 

Mobile Unit 
Transmitter 	ERP 	. 25 W 

HT 	= 	6 ft. 



Channels 2-6 (54-88 MHz)  

Fig. B1-1 gives F(50,50) and F(50,10) for TV Transmitter to TV Receiver 

Fig. B1-2 àivés F(50,50) and F(50,10) for Base Transmitter to TV Receiver 

Fig. B1-3 gives F(50,50) and F(50,10) for Base Transmitter to Mobile Receiver 

Fig. B1-4 gives F(50,50) and F(50,10) for TV Transmitter to Base Receiver 

Fig. B1-5 gives F(50,50) and F(50,10) for TV Transmitter to Mobile Receiver 

Channels 7-13 (170-220 MHz)  

Fig. B2-1 gives F(50,50) and F(50,10) for TV Transmitter to TV Receiver 

Fig. B2-2 gives F(50,50) and F(50,10) for Base Transmitter to TV Receiver 

Fig. B2-3 gives F(50,50) and F(50,10) for Base Transmitter to Mobile Receiver 

Fig. B2-4 gives F(50,50) and F(50,10) for TV Transmitter to Base Receiver 

Fig. B2-5 gives F(50,50) and F(50,10) for TV Transmitter to Mobile Receiver 

Channels 14-69 (470-806 MHz)  

Fig. B3-1 gives F(50,50) and F(50,10) for TV Transmitter to TV Receiver 

Fig. B3-2 gives F(50,50) and F(50,10) for Base Transmitter to TV Receiver 

Fig. B3-3 gives F(50,50) and F(50,10) for Base Transmitter to Mobile Receiver 

Fig. B3-4 gives F(50,50) and F(50,10) for TV Transmitter to Base Receiver 

Fig. B3-5 gives F(50,50) and F(50,10) for TV Transmitter to Mobile Receiver 

Fig. B4-1 gives F(50,50) for Mobile Unit Transmitter to TV Receiver 

Fig. B4-1 applies for the above three bands. For the figure, two expressions  
given: one from the EMC Handbook by White and the other from the article by Ahub0 
and Constantinou. The equations are given on the graphs. 

Figure B5-1 gives the height gain factors used to convert the field strengths f)om 
30-ft. receive antenna heights to 6-ft. heights. 

Figure  B5-2 gives the distance to the local horizon from the transmitter antenna 
of various heights. The information for this was obtained from Bullington. 
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APPENDIX A to CHAPTER III 

TRANSMISSION PATH LOSS PREDICTIONS 

Al , 	INTRODUCTION 

The computer predictions for the transmission path loss were based 
on the following two documents: 

1. "Prediction of Tropospheric Radio Transmission Loss and 
Computer Method" 

2. "A Guide to the Use of the ITS Irregular Terrain Model in the 
Area Prediction Mode" 

The values of 	the 	transmitter, 	receiver, 	and 	terrain 
characteristics used in arriving at the transmission path loss 
curves are given in Tables A-1, A-2 and A-3 respectively. 

A2 	TRANSMISSION PATH LOSS CURVES 

For each city (Toronto, Montreal, and Vancouver), the following 
transmission path characteristics were computed. 

A. TV transmitter to receiver (to obtain the distance to the 
Grade B contour). 

B. Base transmitter to TV receiver (to obtain the distance from 
the base transmitter to Grade B contour. The sum of the 

• distance from A and B gave the minimum separation between the 
TV and base transmitters to ensure protection for the TV 
service). 

C. TV transmitter to base receiver (to obtain the minimum 
distance to ensure the protection of the LMS). 

D. Base transmitter to mobile receiver (to obtain the distance of 
the protected contour of the LMS from the base transmitter). 

E. Mobile transmitter to base receiver (to obtain the actual 
operating contour). 

Figures A1-1 to A1-5 give the above data for Toronto, while 
Figures A2-1 to A2-5 give the data for Montreal and Figures A3-1 
to A3-5 give the data for Vancouver. 

A-III-1 
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