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PART I

STATISTICS OF SERVICE

1. The protection ratio is frequently used in the planning and assignment of broadcast stations and service,
both visual and aural. It is usually defined as the minimum permissible power ratio of the wanted-to-interfering
signals available at the receiver input, to provide the desired quality grade of service. Because the field strengths
which induce the receiver input signals vary with time and from location to location it is necessary to include
some of the statistics of this variability in the description of service and for the protection of this service.

The television or frequency-modulation broadcasting service to a relatively small area in the presence of a
single source of interference may be described by an algebraic-statistical equation (1). A small area is ond® for
which changes in the type of terrain and in the distance from the pertinent transmitting antennas are negligible in
terms of determining the median values of field strength.

R(Q) = E4(50,50) — E,(50,50) + G4 — G, — H(T) — H(L) ’ 1)

where . 3 3
: H(T) = K(T) I/ s o

H(L) = KI) c;+ af“

R(Q): protection ratio (dB) of the wanted to the interfering signal at the receiver input reqﬁired to
provide a service quality Q under non-varying conditions. Subscripts d and u refer to the
wanted and unwanted signals, respectively;

E(L', T') : the level of field strength exceeded for T'% of the time in at least L'% of the locations
" (dBrel. 1 pV/m);

E(50,50) : median field strength in time and location (dB rel. 1 pV/m);
G: effective receiving antenna gain in the pertinent direction (dB);
k(X): standard normal variate, tabulated in many statistical textbooks:
k(50) = 0; k(70) = —0.525; k(90) = —1.282; k(99) = —2.326;
C,: standard deviation for variation in field strength with time (dB);
o standard deviation for variation in field strength from location to location (dB). -

For the purpose of describing service, equation (1) may be interpreted as follows. If service of quality
grade Q is defined to be available at a given location only when the protection ratio at the receiver input exceeds
the required value R(Q), i.e. the non-varying protection ratio is exceeded for T% of the time, then in the area for
which equation (1) holds, at least L % of the locations will have this quality of service, Q - H(T) and H(L) are
the factors which represent the effects upon the service to the area of the signal variability in time and with
location, respectively.

In equation (1) the following assumptions have been made:

— the various fields have approximately Gaussian distributions both in time and with location. Experience
[USA] indicates that this is a fair approximation between the 5% and 95% levels; s
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- botﬁ the time correlation and location correlation between the desired and interfering signals are negligible.
Terms including these correlation terms may be added to the radicals of H(T) and H(L), if desired;

— the variabilify in antenna gain throughout the small area is assumed to be negligible. Terms for the variability
in antenna gain may be added to the radical of H(L) but such terms should be minor for outdoor
installations compared with the location variability of the field strength.

It is noted from equation (1) that there are three interdependent parameters needed to describe the service
to the area — i.e. O, L, T. For convenience, Q and T are usually standardized and with these standard values of
Tand Q a value of L may be computed from (1). For example, Q may be chosen as “satisfactory” service and T

“as 90% or 99%. When several sources, i, of interference, including noise, are present at the area, the L; for each
source of interference acting independently and alone may be computed from equation (1), and the resultant
L may be computed as the product of the values of L; so long as the values of Q and T are the same for the
individual computations of L; [USA].

i=n

L=TL=LL,....L @
i=1

The above resultant value of L is a reasonably good approximation for values of L equal to 50% or greater.

Equation (1) may be rearranged to give:

¢ R(Q) + H(T) + H(L) = Ed(50,50) — E.(5050) + Gy — G, | 3)

The right-hand side of equation (3) is recognized as being equal to the ratio of the median value of the
wanted-to-interfering signal powers at the receiver input. When the signals are of the non-varying type, H(T) and
H(L) are zero and the ratio of the median values of the receiver input powers is equal to the ratio R(Q). But,
when there is time and location variability (and T or L exceeds 50%) a greater ratio of median receiver input
powers is required for the same quality of service Q, the increase being represented by H(T) and H(L) for time
and location variability in signal strength, respectively. In effect, a statistical, multi-dimensional protection ratio
may be created to represent the left-hand side of equation (3). :

For allocation and assignment computations R(Q) may be combined with H(L) and sometimes H(T) to
create a new multi-dimensional power input statistical ratio which is more easily used with available propagation
data. These ratios have often been confused with the non-varying protection ratios. When possible H(T) should
be combined with the median values of field strength to avoid the creation of a statistical protection ratio which
varies with distance.

For protection of service areas iso-service contours of equal location probability L(Q and T being preset)
are drawn to depict the coverage of the broadcasting station and these iso-service contours are protected. Standard
values for L need to be adopted by the CCIR in addition to presently recognized standards for Tand Q, to set
protection standards for iso-service contours under conditions of signals variable in time and with location.

2. Co-channel television interference

For this type of protection, H(L) is combined with R(Q), and H(T) is merged with E,(50,50). Thus,
under the assumption that the time fading ranges of the interfering fields are at least twice as great as those for
the wanted fields:

R(L, Q) = R(Q) + H(L) = E,50,50) — E,(50,100 — T) + G, — G, @)
E.(50,50) + H(T) ~ E,(50,100— T)

R(L, Q) is convenient for use in computations to protect the service of the wanted station, especially since
it is not dependent upon distance. However, R(L, Q) may be frequency dependent, since H(L) is frequency
dependent, as shown in Table I. This Table is given as an example only and for various types of terrain, the
values of o may be higher or lower than those given.
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