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EXECUTIVE SUMMARY

Impl.el1taUon of advanced television (ATV) in the existing broadcast
televia10n bands will require 80me consideration of possible interference to
conventional television receivers. The FCC Laboratory starf has prepared
statistical analyses of a 8U1ple of television receivers to examine the impact
ATV might have on the existing television receiver population. The resul ts .
of the &Dalyses are intended to provide guidanoe to the Commisa1on and
industry when considering the implementation of the ATV service.

UHF tuners of televis10n receivers have limitations in their ability to rejeot
interferenoe from signals in the UHF television band. Because of the.
limitations, the FCC restricts the use of specific UHF channels above and
below an assigned UHF channel. These restrictions, generally known as "UHF
taboos", substantially reduce the number of UHF ohannels that are assignable
to full power UHF televis10n stations in a given geographic area.

This stUdy analyzes taboo-related receiver perfarmance from the standpoint of
possible use of taboo channel s to supplement existing speotrum for ATV
implementation. We assume that an ATV augmentation transmitter will be
collocated with a station's main television transmitter. The desired and
undesired signals used in the study were conventional television signals,
sinoe the tests were originally intended to study interferenoe between
conventional television signals. However, the data are useful as a first step
in stUdying ATV interference, since the characteristics of ATV augmentation
s:l.gnals have not been established. Note that the study results probably
indicate more proteotion than will actually be needed. Although there :l.s only
speculation about the alient teohnical oharacteristios of ATV augmentation
signals, they will surely be mod:l.fied from the characteristics of conventional
television signals and be specified to reduce interference to main transmitter
signals.

The results of the stUdy lead to the following conclusions:

1. Most of the taboo ohannels look favorable for potential use as ATV
augmentation channels.

2. Taboo ohannels n+1, -1, +8, -8, and +15 may be descr:l.bed as providing
less opportunity for exploitation as augmentation channels. (See
note attached to Appendix C.)

FiDally, the level of performanoe of the rece:l.vers analyzed in our study :l.s
much poorer than would be expected of future receivers designed to avo:Ld
taboo-related interference. The RF Monolith1os receiver, bull t for the FCC,
shows that general use of such receivers m:l.ght enable the use of all the
taboo channels for ATV.



I. INTRODUCTION

The FCC Laboratory statf has performed a study or the UHF interferenoe
iJIJDUDity oharaoteriatios of contemporary television receivers. Televis10n
receivers have limitations in their ability to rejeot interferenoe from
undesired sigDBls. Because of this laok of interferenoe illlDlUllity, the
Commission restricts the use of speoific channels above and below an allocated
UHF ohannel. These restrictions, geDerally known as "UHF taboos, "
substantially limit the use of the UHF television band in a given geographic
area. 1

The Comm1sa1on is ourrently eDlliD1ng alternative approaches for authorizing
advanced television (ATV) syatems that would provide for improved picture
quality. Many of the technical designs for transmitting ATV signals require
more speotrum than the 6 MHz ourrently used by broadcast television stations
mder the NTSC transmisa10n system. One option the Commission is
investigating is the possibility of authorizing "augmentation" ohannels that
would provide stations with additional spectrum for ATV.

The primary purpoee of this study is to develop information about
taboo-related interference to support consideration of the possibility of
using UHF taboo channels to provide spectrum for ATV augmentation channels.
In particular, the study examines the performance oharacteristics of
contemporary receivers, i.e. reoeivers that uae eleotronic tuners. We believe
suoh receivers are now used as the primary receiver in many, if not most,
television households. Using the research findings, the study addresses the
possibilities for using taboo-related channels for augmentation signal
transmitters that would be collocated with existing NTSC television
transmitters. 2

The stUdy also mentions implications of a general introduction of television
receivers with taboo-related perfc:rmanoe corresponding to that of an advanoed
technology receiver developed for the Commission. (1,2,3)

1 Brief c1escriptions of the UHF taboos are provided in Appendix A.

2 Collocation is important to cona1der because a transmitter's pri_ry
service area could experienoe interferenoe trom its own collocated
taboo-related ATV a1gnal.
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II. STUDY DESIGN AND HETHODOLOOY

This Btuc1y aDalyzes pr8'liously reported data for UHF TV receiver immunities
to interference from signals on taboo channels. The basic apJroach of the
study is to identify the relative levels at which signals on each of the taboo
channels, as compared to the channel to which the receiver is tuned, cause
"just perceptible" interference to ocour to reception. 3 Tbe relative signal
strengths are expressed in terms of undesired (taboo obanDal) to desired
(tuned channel) signals. By this measure, receiver iDlDlUD1ty to interference
from signals on a given taboo cbannel inore..s with the ability to tolerate
bigher levels of the undesired signal level at any given level of the desired
signal. Tbus, the larger the U/D ratios, the better the receiver pertormance.

The stuc1y used a sample of television receivers representing receivers
marketed in 1983. 4 How8'ler, the present receiver population may be assumed
to contain a significant number of sucb receivers. To the present time there
appear to bave been no changes in electronically tuned receivers that would
significantly affect the data base. The study provides esti_tes of
interference to receivers intended for oonventional television, not ATV. At
the present time, there are no ATV receivers. The interference immunities of
sucb receivers are unknown.

Tbe actual desired and undesired signals were conventional television signals,
sinoe the tests were originally intended to stuc1y interterence between sucb
s1gnals. (4) ATV augmentation signals are inadequately speoified at present
for interference test purposes. Application of the data to ATV results in
simulating ATV augmentation with signals that bave the same charaoteristics
as conventional color television signals, e.g., the undesired signal level is
specified as the level of the visual carrier. Botb visual and aural carriers
were present in the teet signals. ATV systems are likely to operate with
different characteristics than conventional stations and therefore will bave
interference charaoteristics that differ from the results estimated here. ATV
approaches that use reduced signal levels and/or modified transmission methods
for their augmentation channels generally can be expected to pose less
interference to main transmitter signals. Therefore, the results of this
study are likely to overestiDBte the interference potential of augmentation
signals on taboo obannels compared to oonventional television signals on taboo
channels. This study is a preliminary effort to estimate interference to

3 Determinations of "just perceptible" interferenoe as used herein were
based on the obaervations of expert viewers. This interference criterion
enhanoes the reproduoibility of' the viewers t observations. Under actual
viewing conditions, this level of interferenoe would probably not be noticed.
It repreaents much less picture degrad.Uon than that on which transmitter
service contours and the UHF taboo channel restrictions are now based.
However, the criterion may be appropriate for interference to a pri_ry NTSC
88rvice area from a collocated ATV augmentation transmitter.

4 The data analyzed in this study were originally tabulated and reported
in reference 4.
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oonventional television reoeiv8rs tuned to a oonventional main ohannel
operating with a oollaoated ATV augmentation ohannel.

Desired and undesired sigDals were introduoed a t the antenm terminals of a
reoeiver lmder test. For a given desired sigDal level, the level of the
undesired sigDal was varied to determiD8 the level at which just peroeptible
interferenoe aoourred. Reoeiver interferenoe iDllunity, the threshold UID
ratio, will differ for relatively strong desired signals oompared to
relatively weak desired signals.

The study, therefore, examined receiver interferenoe thresholds at strong,
moderate, and weak desired signal levels. The strong signal level uaed was
-15 dBm. This represents a UHF broadcast station field strength of several
hundred mlllivol ts per meter and is approximately the level at whioh a
reoeiver's tuner might exhibit overload. The weak signal level uaed was -55
dBm. This is intended to represent reception at a television station's Grade
B contour, a boundary used to estimate a station's service area. The moderate
signal level used was chosen as -35 dBm. This generally represents urban
coverage. The study used previously reported data (4). statistical analyses
were performed to projeot the data to various percentages of the population
represented by the sample receiver data base. In particular, analyses were
made tor 50, 80, 90, and 99 perCent of this population•

.IAI R.otiy.r SFp1,

The 88JIlple ot receivers uaed tor this study oonsisted of 15 eleotronically
tuned receivers, oirca 1983. 5 We did not uae random SBDlpling but "cluster
sampling." The sample does not represent the population in every aspeot, but
only in charaoteristios ot interest. For example, electronically tuned 00101'
receivers were chosen because they appear to be the domizm.nt choice as the
primary receiver in television households. Meohanically tuned receivers were
excluded beoause they tend to be less susoeptible to UHF taboo interferenoe
than eleotronically tuned reoeivers and are beooming less important
statistically. Saae oharacteristios ot the population, suoh as the pioture
tube sizes of table model and floer model receivers do not affeot interferenoe
immunity. The sample was not ohosen to represent the proportions· of the
various pioture sizes in the population. In other oharacteristios the sample
was deliberately struotured to mirror the population. For example, rewer
expensive receivers were inoluded than "loss leaders" and more receivers were
inoluded from majer brands than miner brands. Care was taken in the seleotion
of the sample 80 that statistically valid inferences oould be made for the
population of reoeivers with regard to the charaoteristics of interest. Table
1 briefly desoribes eaoh of the sample units.

5 The prooedures uaed to obtain the data are described in Appendix B•
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Tabl'l

Bnef Deaoriptions of Televia10n Receivers
(Receivers numbered as in reterence 4)

No.1: 25" oon801e, ODe knob tuner, Brand A

No.2: 19" table "model, frequency synthesized tuner, remote
oontrol, Brand A

No.3: 19" table model, frequency synthesized tuner with reote,
Brand B

No.4: 19" table model, 12 ohanoel tuner with remote, Brand C

No.5: 25" oonsole, frequenoy synthesized tuner with reote,
Brand D

No.6: 14" table model, 12 ohannel tuner with remote, Brand B

No.7: 19" table model, frequenoy synthesized tuner with reote,
Brand E

No.8: 19" table model, frequenoy synthesized tuner with remote,
Brand F

No.9: 19" table model, frequency synthesized tuner, Brand G

No. 10: 19" table model, frequenoy synthesized tuner with remote,
Brand G

No. 11: 19" table model, frequency synthesized tuner with remote,
Brand H

No. 12: 20" table model, frequenoy synthesized tuner with remote,
Brand I

No. 13: 14" portable, ODe knob tuner, Brand J

No. 14: (not included in sample, _chaniaally tuned)

No. 15: 19" table model, frequency synthesized tuner with remote,
Brand J

No. 16: 19" table model, one knob tuner, Brand A
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Proadurn m Statiatioal Al3ftly.s

The data analyzed fer this study oone1st of U/D ratios found fer various "test
situations" applied to the SlIDe group of fifteen tel8'lia1on reoeivers. In
statistioa these test 81tuations are frequently called "treatments." In this
study a teat Situation er tl'eatment is charaoterized by:

1) The taboo phenaaenon

2) The ohannel spaoing of the interferenoe (undesired) ohannel relative
to the tuned (desired) ohannel; and,

3) The 1 evel of the desired channel signal.

Fourteen taboo channel spaoings were analyzed with three desired signal
l8'lels, -15 dBm ("strong"), -35 dBm ("moderate"), and -55 dBm ("weak"). 6 This
resul ted in 42 tl'eatments of the fifteen television reoeivers.

The analySis applied to eaoh tl'eatment examined the U/D ratios obtained fer
eaoh receiver under the speoifio oonditions of the treatment. In general, a
treatment yielded fifteen data points, one fer eaoh receiver. 7 The data
points are the undesired to desired signal ratios for eaoh receiver,
oaloulated from the desired signal level for the treatment and the undesired
signal level reported fer the mean observation of' "just perceptible"
interferenoe as found by two observers. Additlonal information is given in
Appendix B about the prooedures used for obtaining individual data points.

Saae elementary statistics were caloulated previously fer the data for the
various treatments. (4) These were the mean, median, and range. These
statistics were reoomputed fer the present study to exclude data from a
meohanically tuned reoeiver. As diaoussed below, mere sophisticated
statistical prooedures were used in the present study to extend statistios
from the sample to the designated reoeiver population.

The data fer each tl'eatment were first examined fer normality, i. e., whether
the sample data were drawn from a population with a normal (i.e. gausslan)

6 The FCC's taboo tables fer allocations that are 2, 3, 4, and 50hannels
removed from the tuned channel all ooncern intermodulation ~oduots. The
study did not separately examine intermodulation oombinations that are 3 and
5 ohannels removed from the tuned ohannel beoause the U/D ratios are 8'lidently
better (larger) than those fer intermodulation oombinations that were studied.
Also, these intermodulation taboos would apparently be of little oonsequenoe
in restrloting ATV augmentation. See Appendix A for additional desoription of
the UHF taboos.

7 In some treatments, the 1 evel of taboo ohannel signal necessary to cause
just perceptible interferenoe was higher fer one er more of the observations
than could be obtained from the generating equipment. Such observations were
oonservatively treated as mls81ng data points.
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probabUity distribution. The ncrmality tests were pert'OMDed througb a
oomputer progr. that uses a method sim1lar to plottlng the treatment data on
nClrlllal probabUity paper. 8 On the basis ot the guidanoe given in the
dooumentation supplied with the progr., normality was assumed it there were
no a,yst.atio departures of the ranldt plot trom a liDear trend and if the
Wllk-Sbapizoo statistio were 0.94 or larger.

If a treatment exhibited normality, the oumulatlve normal distribution of the
population was oonstruoted using the standard deviation ot the U/D ratios tar
the treatment and an adjusted, conservative estimate ot the populatlon mean
U/D ratio. The value used as the adjuated population mean U/D ratio was the
lower limit of the 90J oonfidenoe interval ot the estimated population mean.
U/D ratio. This statistio was caloulated for the treatment by the usual
_thod using the t distribution. This biased estimate of the populatlon mean
had the efteot ot shirting the oumulative distribution of the population
toward smaller U/D ratios. The etteot is to render more pessimistio results
in the sense that weaker undesired signal levels are estimated to cause
interferenoe. This is consistent with a posture or attempting to avoid
television intert'erenoe.

SClIIle ot the treatment data were aleewed and therefore did not pass the test
for narmality. Interestingly, the means and medians ot the U/D ratios tor
suoh treatments tended to ooinoide within a few deoibels. Sinoe there has
been little interest in U/D ratios aS800iated with proteoting only the better
receivers, the poorer (smaller) eight U/D ratios of a treatment exhibiting
skew were examined tor narmality. This was dODe by using the values below
the median with caloulated values point for point as muoh above the median.
It the tifteen data points oonstruoted for suoh treatments fJ'om the 8IDalle!'
eight U/D data points demonstJ'ated normality, the tl'eatment was oonsideJ'ed to
be "oonditionally normal." The original treatment data were used in
caloulating the estimate ot the mean, because these data aJ'e more
J'epJ'esentative ot the population. 9

SClIIle tl'eatments had as many as thJ'ee missing U/D J'atios. The adjusted estimate
ot the population mean tor suoh a treatment was oaloulated as it the numbeJ'
ot J'eoeivers was J'eduoed by the numbeJ' ot missing values. This tended to make
the adjusted estimate ot the mean population U/D J'atio _alleJ' (pooreJ') than
would bave been oaloulated trom a complete data set. TJ'eatments with missing
values were either not normalizable er conditionally narmal. Obviously, suoh
missing values would not afteot the development of conditionally normal U/D
ratios tor a tl'eatment.

The oumulative distJ'ibution for a tl'eatment was plotted in terms ot U/D ratios
fer "just peroeptible" interferenoe veJ'sus peJ'oentages of the population.
Table 2 is a tabular sumary ot the results for the 42 treatments representing

8 Wilk-Sbapizoo/Rankit Plota, ·STATISTIX", HH Analytical SottwaJ'8,
Roseville, tIf 55113.

9 Conditionally normal tl'eatments are indicated on Table 2.
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the various desired signal levels. The table shows estimated "just
perceptible" U/D ratio thresholds to protect 90' and SO, of the populat1on.

'-' There wu good agre.ent with values found using toleranoe limit tables.
Appendix C presents mare complete results of the stucly than Table 2. This
appendix includes U/D ratios fer populat1on percentages not given in Table
2 and has mare detailed notes about the stat1st1oal analyses for the various
treatments.

III. STUDY RFSULTS

Table 2 8W11Er1zes the results of the study analyses. A more complete
presentation of these results is presented in Appendix C.
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SUlmary of Results

IstiJated Thresholds of Undesired to Desired
UHF rv Signal Ratios leeded to Protect '0 and 50

Percent of the Electronically TUDed Color TV Receiver Population

DesIred SIgnal strepgth

feat Hoderate strODq
I-55 dB,1 1-35 dS,1 I-IS dS,1

Undesired
S1gna1(s I 90\/50\ (al Std.DeY. 90\/50\ (al Std.Dev. 90'150\ (a) std.Dev.

ITreahentl U/D's in dB in dB U/D's in dB in dB U/D's in dB In dB

Upper 1dj. Channel (n~ll (bl o (cll , 7 (cl, 5 -6 (cl/-l « (el, 4
Lover Adj. Channel (n-1) -6 (c)! 8 11 (cl, • -6 (ellS 9 (c), 6 -6 (d)/-1 • (d), 4
Interlod. Chs.(n-2, n-41 16 (c1121 4 (cl, 3 16/14 3 -41 1 4
IDteraod. Chs.(n~2, Dft) 2 (c)/12 6 (c), • -21 6 6 -6/ 0 5
Cross Kodulation Ch.(nfll 17/25 6 '/17 7 -4 (d)! 3 5 (d I, 5
Cross "odulation Ch.ln-21 21/27 4 13/20 5 (h)
Cross lodulation Ch.(n-41 30/36 5 (bl Ibl
Half- IF (0+41 (bl -11 7 6 -5 (dl/ 1 5 (dl, 5
IF Beat Ch.(nf71 10/23 10 -, (d1110 14 (dl,12 -14 (d)/ 0 11 Id), 7
IF Beat Ch. (n-7) 6/22 12 -2 Idl/13 12 Idl,11 -12 WI 2 11 (d), 7
IF Beat Ch. (oH) -5 le)/21 21 (c),15 -11 (c)/ 9 20 (e),15 -11 (dl/-2 12 (d), ,
IF Beat Ch.(n-') 10/26 13 -5 (dl/13 If Idl,12 -10 (4)1 2 9 Idl, 7
Sound Image Ch.(nf141 -1/13 11 -2/ 8 8 -61 2 6
Picture Iaage Ch.ln~lS) -20/-1 10 -11/-lD 5 -26/-19 5

Wll.i.

a: The UID ratio for 50\ of the populatioD is the lover lilit of the 90\ confidence interval of the estilated lean
population U/D ratio. The UID latio for 90\ of the popalatlon was obtained frol the Dorlal cUlulative distribution with
the UID ratio for 50\ of the population and the standard deviation of the treatlent data or conditionally Dorlal data.

b: The treatlent data vere Dot Dorlalizable. See Appendix C.
c: This value vas obtaIned USIDq condItIonally nOllal data. The other value shovn vas obtaIned wIth the treatleDt data.
d: This value vas obtaIned usIng condItionally norlal data. the other value shown vas obtaiDed with the treat.ent data.

The treatment data had one, tvo, or three 1I5sin9 DID ratIos. See Appendix C.



IV. DISCUSSION AND OBSERVATIONS

-"--'" We ob_rve that a station offering ATV servioe through a technical system that
requires an augmentation cbannel most likely will transmit both its pri_ry
and augmentation sigals from the BUe location (i.e., it wlll operate
collocated pr1DBry and aupentation channel transmitters). Under the current
allocations sobeme, UHF obennel assignments that are governed by the taboo
restrictions .rve different areas so that their potential fer interferenoe is
limited to relatively aall areas and correspondingly small populations. If
two taboo channels are collocated, the areas served by the 81gnals would, in
general, be ooinoident and the area of potential interferenoe Would,
theretere, oover the primary aUdienoe served by the signals. thus, the
population of TV viewers at risk would be much larger if taboo obannels were
collocated.

On this basis, it appears that if taboo channels are used to provide
augmentation channels fer ATV servioe, a 81gn1fioant inorease in interferenoe
to stations' primary servioe areas may be possible. For discussion purposes
in this study, we believe it is desirable to use conservative measures of
impaot. Tberetere, we believe it is reasonable to oonsider using receiver
interferenoe immunity UID ratios protecting 90J of the receiver population in
situations wbere a station's primary audience may be affeoted by taboo obannel
interferenoe. We also believe that it is reasonable to use the "just
perceptibleft interferenoe criterion.

In interpreting the stUdy resul ts, we ob.rve that the power level of ATV
augmentation signals generally is expeoted to be 4 to 6 dB less than that of
primary transmitter signals. A'IV systems also are expected to use
sopbisticated techniques of modulation and signal power density management to
achieve reductions in interference from augmentation signals.

The results in Table 2 show that fer all of the taboo ohannels, receiver
perfrrmance is poorest fer the condition where a strong desired signal (-15
dBm) is present. This oondition thus represents the "werst ca.· situation
fer receiver perfrrmance. As indicated in Table 2, protection from a
collocated transmitter that is sufficient fer strong desired signal"s plainly
also will be SUfficient fer moderate and weak signals. The strong signal
resul ts are shown graphically in Figure 1. Tbe upward arrows on this figure
indicate cases where reoeiver perfrrmance is known to be better than the level
shown and the data points indicated by "RF· are for the improved technology
receiver developed fer the Commission by RF Monolithics, Inc.

Using the 90 percentile receiver pertrrmanoe protection criterion, we observe
from Figure 1 that the taboo ohannels as viewed in the context of conventional
receivers, can generally be grouped into three ranges:

1) -4 to -6 dB

2) -10 to -17 dB (Cbannels n + er - 7 and + er - 8); and,

3) -26 dB (Channel n + 15).
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Fig. 11 Strong Signal Receiver Performancel RF Monolithics. SOX. 90r. Protecti~n
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AssUll1Dg that ATV augmentation signals are tran_itted at power levels 4 to
6 dB lower than the pri_ry a1pl, it appears that ohannels +1, - 1, +2, -2,
+3, -3, +4, -4, +5, -5, +14, and -14 trom the tuned ohannel (tho. in the
first group) are the best candidates fer aUSllentation channels. 10 These
channels repreaent the adjacent channel, intermodulation, and sound i_ge
taboos. Channels +7, -7, +8, and -8 trom the tuned channel (tho. in the
second group) appear leas desirable fer use as aupentation ohannals. These
ohannels repreaent the oscUlate.- taboo, whioh is treated in this study as an
IF beat phenCllllenon, and the IF beat taboo. FiaallJ, the channel +15 from the
tuned ohannel (the third group) appears the least likely oandidate for
augmentation chanaels. This chlllael is the pioture i_ge taboo.

In SWllll8.ry, the resul ts of the study suggest that the adj acent chanaels,
intermodulation channels, and sound i_ge ohannels are the best oandidates
fer collocated ATV augmentation signal ohannels. The IF beat channels are
not as good, and the pioture imge ohannel is the poorest. We believe these
observations are generally conservative, given the design of the analysis on
which they are based. In partioular, the study used:

1) The -just perceptible ft interference criterion (This degree of
interferenoe is not expeoted to be noticeable under crdinary
viewiDg oonditions);

2) Proteotion of the reoeiver population based on the 90
percentile U/D interferenoe immunity ratios;

3) Adjustments ot the 88IDple means so that the esti_ted population
means from the 88JIIple data were the lower bound of the 90
percent confidence interval» and,

4) COI1ventioaal television signals on the taboo ohannels. (Carrier
related interference caused by oonventioaal televia10n signals
will probably not be oharaoteristic of ATV augmentation signals
which are likely to avoid such effeots.)

SClme cautions in interpreting the results of this study are in ercier, however.
The study results are based on a rather limited sample of receivers. It is
posa1ble that the actual population of receivers could tend to be mere (or
leas) subjeot to taboo chanDal interferenoe than indicated by this study.
Alao, the reoeivers used were models marketed in 1983. While we do not
believe that the perfcrmance characteristics of electronic tuners have ohanged
silDifioantly sinoe that ti_, we do not know for oertain how these receivers
compare to receivers on the market now. Further, although this study
raoolllllends the use of receiver interference immunity U/D ratios that would
proteot an esti_ted 90 percent of receivers, 10 percent of the receivers in a

10 Taboo channels 3 and 5 ohanDals reoved from the tuned chanael can be
expeoted to have better (larger) U/D ratios than taboo chanDals 2 and 4
ohanDals reeved and tberetcre were not separately examined in this study.
See footnote 6 above.
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partioular area could be atteoted by taboo interrerenoe. This oould still
NSul t in a reduotion or l!l8"ioe to a large number of houl!l8holds. Finally, it

----- is pos81ble that on lIClIIe receivers the erteots ot some interferenoe phencaena
may change preoipitously trom "just perceptible" to a muoh wcrae oonclition.
This study did not iuvestigate the likelihood ot suoh erteots ooourring.

We &lao observe that advanced technology exists that would make the
restriotions imposed by the present taboos \Uu»cessary. This is apparent trom
the measured performance of the RF Monolithioa receiver as shown on Figure 1.
A new geDeration ot televia10n receivers incorporating this teohnology could
be produoed that would be relatively 1mmune to interferenoe resulting trom UHF
taboo oombiaatioDS. Thus, taboo related interference is expected to be a.
probl. only during a transition period in which improved receivers are
introduced, but it appears that even during the transition period there would
only be a few taboo ohanoels that could not be used tor augmentation signals.

We plan to undertake additioaal reoeiver test and analy81s progr8lls that will
improve our statistical inferenoes. These may iuvolve larger sample 81zes tor
inoreased oonfidenoe in extensions ot the sample to the receiver population.
We also plan to improve our sampling teohniques and to observe time-dependent
trends in the interferenoe immunities or the receiver population.
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APPENDIX A

Brief Desoriptions of
the UHF Taboo PhenClDeaa

as Set Forth in the FCC's Rules
(linn is the number of the tuned ohannel)

Ad1egent ChAppel Cp + q: - 1 Qheppell

Adjacent ohannel minimum mneage separations also apply to VHF television.
All receivers are more or less susoeptible to signals immediately adjacent to
their intended passband.

Ipttrmpdulatiop Cp ± q: - 2. 3. 4. 5 gheppels1

Intermodulation from a combi..tion of input sigaals produces a spurious signal
or signals within the tuned ohannel. For example in television, a spurious
signal on a desired visual carrier frequenoy could arise from the combination,
2fa - fb, where fa is the visual carrier frequenoy of one undesired channel
and fb is the visual carrier frequenoy of another.

Interferenoe which could ooour from ohannel n±4 is inoluded in the channels
listed above. This is called half-IF interferenoe and is attributed to a
combination of the undesired signal and a receiver's local oscillator.

Cross modulation interferenoe ohannels are also included above. In television
interferenoe the phenQDenon typically involves the transfer of the modulation
of an undesired visual carrier to the desired. visual carrier. Usually, the
vertical and horizontal boundaries of the undesired pioture are seen first.

9acillatq: Cn t or - 7 QblQpelsl

A UHF television reoeiver's local oscillatc:r frequenoy for a tuned ohannel "n"
is located in ohannel n+7. Theretc:re, local o80illatc:r radiation from a
receiver tuned to ohannel n could cause coohannel interferenoe to another
nearby receiver tuned to ohannel n+7. The coohannel local o80illatc:r signal
is naDinally at 3.75 MHz above the lower edge of obannel n+7. This is a
reg10n of receiver vulnerability to ooobenel interferenoe. Protection
against suoh interferenoe is based on the prinoiple of preventing overlapping
Grade A service areas of full power UHF stations seven channels apart, so that
reoeivers within the Grade A service area of one suoh station would not
nc:rmally be tuned to reoeive service from the other station whiob would not be
as good in quality.

IF beat interferenoe, desoribed below, oould also ooour for the above obannel
separations.
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IF Bet Cn + gr - 8 gh'npel,)

When two atations are separated by a receiver's intermed1ate trequency (IF),
it is pos81ble that the two atations' signals will oolibiDe to produce a beat
signal whioh will be pioked up by a receiver's IF amplitier. Wbere a 45.75
MHz IF is in use, such 81gnals may enst ter chanaels which are separated by
seven er 8:l.ght channels trom the desired station's channel. (The seven
chanael separation is subsumed by the restriotion based on receiver oscillatcr
radiation. )

Sound Image (n + er - 14 channels)
Pigtur' Tm.S' !n + q: - 15 Meppel')

Image interference arises trom signals in a receiver's image ohanDel band.
This band is located as much above a receiver's local osoillater trequency as
the desired chanDel is below it. ODe trequency in the image chanDal is the
aural carrier frequenoy ot the sound image cbanDel (n+14). Another is the
visual carrier trequency ot the picture image cbanDel (n+15).

The visual carrier trequency of the picture image chanDal is in a more
vulDerable part ot a receiver's image cbanDel than the aural carrier ot the
sound image cbanDal. The lower amplitude ot a television chanDal' s aural
carrier oompared to its visual carrier also reduces interference ettects ot
the sound image channel oompared to the pioture image channel.
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APPENDIX B
UHF Television Interferenoe Test Prooedures

For teats of the 1983 _ple, two engineers experienoed in pioture qualitl
judg.ents made subjective observations of "just perceptible" interferenoe.
Interfering sigaal levels were read to the nearest deoibel in dBm, deoibels
referred to one m1l1iwatt. It the data from the two observers were within
two deoibels, the mean was reported; otherwise the appropriate observations
would be repeated until the two decibel range was obtained. (This latter
prooedure was neces_rr in relativell few cases.)

In making an interferenoe level judg_ent, an observer was seated at a
distance of four to 81x tiDeS the pioture height from the face of the
televia10n receiver's picture tube. No light source was directed at the
screen and specular refleotions were avoided on the face of the pioture tube.
The rOaD was illuminated with somewhat less light than mal be t,Pical in
crdinarr home viewing.

With the television channel combinations established fer a particular test,
the level of the desired signal was set to the specified value. The levels
of the interfering signal(s) were controllable through a 81ngle attenuater
bJ the observer. His obeervations of the interfering signal level fer the
criterion of "just perceptible" interference was obtained bJ adjusting the
attenuatcr to the point at which a few dB incre.. gave an obvious visible
interference while an equal decre.. oaused the visible erfect to disappear;
i.e., become imperceptible.

In previous tests of this kind, DOtabll fer tests reported in 1974, three
observers were used, and the desired sigaal and undesired sigrJa1(s) were
translated broadcast television sigaals. With thr.ee observers there was
alw&1S a center value (the median) to allow for a relativell wide range of
observations caused bl the various video conditions present during
programming. (COIIIIDetroials were not used fer observations because of their
frequent shifts of scene and ele-catohing effects.) Of course the use of
program material represented actual viewing conditions of luminance and
chrominance. .

However, in this stuclJ changes were Dlces_rr because of constraints ot time
and available personnel. To reduce observation time, a test pattern was used
on the desired chanDil instead ot progr.. material. This eliminated time
previousll spent waiting fer usable video. This decision also eliminated
difterences in desired video during observations, making the use of onll two
observers aoceptable.

The visual oarrier of the desired signal was modulated with a 50% average
picture level full-screen pedestal with coler burst. Its aural carrier was
unmodulated. As in the previous tests, the undesired television sigaal(s)
were translated broadcast television signals. This IIa1ntained effeots
observable because ot such oharacteristics as laok of fr.e synchronization
and saturation changes in the undesired programming. The procedure used tor
these tests was judged acceptable, based on data which agreed within plus or
minus 4 dB, obtained under the previous and present conditions with a control
receiver.
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APPENDIX C

Supplementary Results ot study

AdiagoDt Chaprwl

Upptr Ad.1ageDt Chappel (Dt1)

Weak Desired Signal (-55 dBm):

The data were not normalizable. The results below tor
n-1 , weak desired signal, _y be used tor purpo.s ot
illustration. The ..ple atatiatios indicate aomewhat
poorer receiver immUl'lities tor n-1.

Moderate Desired Signal (-35 dBm): Conditiomlly normal

UID =-10 dB (Protects 99J ot repreaented population)
UID = 0 dB (Protects 90J ot repreeented population)
UID = 3 dB (Protects SOJ ot repreaented population)
UID = 9 dB (Protects 50J ot represented population)

Strong Desired Signal (-15 dBm): Conditionally normal

UID = -12 dB (Protects 99J ot represented population)
UID = -6 dB (Protects 90J ot represented population)
UID = -4 dB (Protects SOJ ot represented population)
UID = -1 dB (Protects 50J of represented population)

LWIt Ad1agopt; Chappel (n-1)

Weak Desired Signal (-55 dBm): Conditionally normal

UID =-16 dB (Protects 99J of repreaented population)
UID = -6 dB (Protects 90J of repreaented population)
UID = -1 dB (Protects SOJ ot repreeented population)
UID = 8 dB (Protects 50J of represented population)

Moderate Desired Signal (-35 dBm): Conditionally normal

UID = -16 dB (Protects 99J of represented population)
UID = -6 dB (Protects 90J of represented population)
UID = -2 dB (Protects SOJ of represented population)
UID = 5 dB (Protects 50J of represented population)

Strong Deaired Signal (-15 dBm): Conditionally normal t

population UID expected to be better than below since one
data point > 15 dB was not used.

UID =-12 dB (Protects 99J ot represented population)
UID = -6 dB (Protects 90J ot represented population)
UID = -4 dB (Protects SOJ ot represented population)
UID = -1 dB (Protects 50J ot represented population)
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APPENDIX C
(COIltinued)

Int.rgapdulatiop

Iptll'l!lodu1atiop Cb'plMla (p-2. n-!U

Weak Desired Signal (-55 dBm): Conditio_lly nermal

U/D = 11 dB (Protects 99S of repreaented population)
U/D = 16 dB (Protects 90S of repreaented population)
U/D = 17 dB (Protects SOS of repreaented population)
DID = 21 dB (Protects 50S of repreaented population)

Moderate Desired Signal (-35 dBm):

DID =
U/D =
DID =
DID =

6 dB (Protects 99S of repreaented population)
10 dB (Protects 90S of represented population)
11 dB (Protects 80S of represented population)
14 dB (Protects 50S of represented population)

Strong Desired Signal (-15 dBm):

DID =
DID =
DID =
DID =

-9 dB (Protects 99S of represented population)
-4 dB (Protects 90S of repreaented population)
-2 dB (Protects SOS of represented population)

1 dB (Protects 50S of repreaented population)

Intermo<tulation Channels (n+2, n+4) Dominated
by Hilt-IF ChAppel (p+4>'

Weak Desired Signal (-55 dBm): Conditionally nermal

U/D =
U/D =
DID =
U/D =

-8 dB (Protects 99S of represented population)
2 dB (Protects 90S of represented population)
5 dB (Protects 80S of represented population)

12 dB (Protects 50S of represented population)

Moderate Desired Signal (-35 dBm):

U/D =
DID =
U/D =
DID =

-9 dB (Protects 99S of repreaented population)
-2 dB (Protects 90' of represented population)

1 dB (Protects SO, of repreaented population)
6 dB (Protects 50S of represented population)

Strong Desired Signal (-15 dBm):

U/D =-12 dB (Protects 99S of repreaented population)
U/D = -6 dB (Protects 90S of repreaented population)
DID = -4 dB (Protects 80S of represented population)
U/D = 0 dB (Protects 50S of represented population)
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APPENDIX C
(CClrltinued)

Cross ModulatiOn

crOll Hp4u1ation ChAppel (Pt2)

Weak Desired Signal (-55 dBm):

UID = 10 dB (Protects 99J ot repreaented population)
UID = 17 dB (Proteots 90J ot repreaented population)
UID = 20 dB (Proteots 80J ot repreaented population)
UID = 25 dB (Protects 50J ot represented population)

Moderate Desired Signal (-35 dBm):

UID =
UID =
UID =
UID =

o dB (Protects 99J ot repreaented population)
8 dB (Protects 90J ot repreaented population)

11 dB (Proteots 80J ot repreaented population)
17 dB (Protects 50J of repreaented population)

Strong Desired Signal (-15 dBm): Conditioually nermal,
population U/D· expected to be better than below since one
data point > 15 dB was not used.

UID = -9 dB (Protects 99J ot repreaented population)
UID = -4 dB (Protects 90J ot repreaented population)
UID = -2 dB (Protects 80J ot repreaented population)
UID = 3 dB (Protects 50J ot represented population)

CrQ" MpdulAtfQp ChAppel (p-2)

Weak Desired Signal (-55 dBm):

UID = 17 dB (Protects 99J of repreaented population)
UID = 21 dB (Protects 90J of represented population)
UID = 23 dB (Protects 80J of repreaented population)
UID = 27 dB (Proteots 50J ot represented population)

Moderate Desired Signal (-35 dBm):

UID =
UID =
UID =
UID =

7 dB (Protects 99J ot repreaented population)
13 dB (Protects 90J ot represented population)
16 dB (Protects 80J of repreaented population)
20 dB (Protects 50J ot repreaented population)

Strong Desired Signal (-15 dBm):

Tbe data were not Dermalizable. Tbe raul ts above tot'
11+2, strong desired signal, will be ueed fOIl' purpoees
ot illustration. Tbe BIUIple atatisti08 indicate
somewbat poerer receiver i1lllllUl1it1es ter 11+2.
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APPENDIX C
(CClDtinued)

Cross Modulation

Cross Mpdulltigp Chapml (n-41

Weak Desired Signal (-55 dBm):

UID = 22 dB (Protects 99S ot represented population)
UID = 30 dB (Protects 90~ ot represented population)
UID = 31 dB (Protects 8O~ ot represented population)
UID = 36 dB (Protects 50S ot represented population)

Moderate and strong Desired Signals (-35 and -15 dBm):

Neither ot these data sets were
sample statistics show increased
compared to the n+2 and n-2 cross
separations. Resul ts for n+2
purposes ot illustration.

Half-IF lptJl}

Weak Desired Signal (-55 dBm):

nCl"JDalizable. The
receiver iJIIIDUD1ties
modulation chaDDSl
will be used fer

The data were not ncrmal1zable. The results above tor
nt2, n+4, weak des1red signal, _y be used fer
purposes of lllustration. The 8lUIIple statist1cs
indicate that the receiver 1111JDUD1t1es are s1m1lar.

Moderate Desired Signal (-35 dBm):

UID =
UID =
UID =
UID =

-1 dB (Protects 99S ot represented population)
-1 dB (Protects 90S ot repreeented population)

2 dB (Protects 8O~ ot represented population)
1 dB (Protects 50S of represented population)

Strong Desired Signal (-15 dBm): Conditionally nermal,
population UID expected to be better than below since ODS
data po1nt > 15 dB was not ueed.

UID = -11 dB (Protects 99S ot represented population)
UID = -5 dB (Protects 90S ot represented population)
UID = -3 dB (Protects 80S ot represented population)
UID = 1 dB (Protects 50S of represented population)
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APPENDIX C
(Continued)

IF BRt

IF Ret Cb'pml CO+V

Weak Desired Signal (-55 dBm):

OlD = -2 dB (Protects 99S of repreaented population)
OlD = 10 dB (Proteots 90S of repreaented population)
OlD = 14 dB (Protects 80S of repr••nted population)
OlD = 23 dB (Proteots 50S of repreeented population)

Moderate Desired Signal (-35 dBm): Condit1oDBlly nermal,
population OlD expeoted to be better than below sinoe one
data point> 35 dB was not used.

OlD = -24 dB (Protects 99S of repreeented population)
OlD = -8 dB (Protects 90S of repreeented population)
OlD = -2 dB (Protects 80S of repre.nted population)
OlD = 10 dB (Protects 50S of repreaented population)

Strong Desired Signal (-15 dBm): Condit10DBlly nermal,
population OlD expected to be better than below sinoe two
data points > 15 dB were not used.

OlD = -26 dB (Protects 99S of represented population)
OlD = -14 dB (Protects 90S of repreaented population)
OlD = -11 dB (Protects 80S of represented population)
OlD = 0 dB (Proteots 50S of represented population)

IF »Pte Cbeppel (p-V

Weak Desired Signal (-55 dBm):

OlD =
OlD =
OlD =
OlD =

-6 dB (Protects 99S of repreaented population)
6 dB (Protects 90S of represented population)

12 dB (Protects 80S of represented population)
22 dB (Protects 50S of represented population)

Moderate Desired Signal (-35 dBm): COIlditioDBlly nermal,
population OlD expected to be better than below since one
data point > 35 dB was not used.

OlD = -15 dB (Protects 99S of represented population)
OlD = -2 dB (Protects 90S of represented population)
OlD = 3 dB (Protects 80S of repreaented population)
OlD = 13 dB (Protects 50S of represented population)
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APPENDIX C
(CClIlt1nued)

IF Bet Chap..l (n-z) (gopti pued)

Strong Desired SigDal (-15 dBm): Conditionally nermal,
population UID expeoted to be better than below sinoe two
data points > 15 dB were not used.

UID = -24 dB (Protects 99' of repreaented population)
UID = -12 dB (Protects 90' of repreaented population)
UID = -8 dB (Protects 80' of represented population)
UID = 2 dB (Protects 50' of represented population)

IF aRt ChAppel (ptS)

Weak Desired Signal (-55 dBm): Conditionally nermal

UID = -29 dB (Protects 99' of represented population)
UID = -5 dB (Protects 90' of represented population)
UID = 4 dB (Protects 80' of represented population)
UID = 21 dB (Protects 50' of repreeented population)

Hoderate Desired Signal (-35 dBm): Conditionally nermal

UID = -38 dB (Protects 99' of represented population)
UID =-17 dB (Protects 90' of represented population)
UID = -8 dB (Protects 80' of represented population)
UID = 9 dB (Protects 501 of represented population)

Strong Desired Signal (-15 dBm): Conditionally nermal,
population UID expeoted to be better than below since two
data points > 15 dB were not used.

UID = -30 dB (Protects 991 of represented population)
U/D =-17 dB (Protects 90J of repreaented population)
UID =-12 dB (Protects 80J of represented population)
U/D = -2 dB (Protects 50J of represented population)
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APPENDIX C
(continued)

IF Beet Cb'npel (n-8)

Weak Desired Signal (-55 dBm):

UID = -3 dB (Protects 99J of repreaented population)
UID = 10 dB (Protects 90J of repreaented population)
UID = 15 dB (Protects BOJ of represented population)
UID = 26 dB (Protects 50J of repre.nted population)

Moderate Desired Signal (-35 dBm): Condit1oDally nermal,
population U/D expected to be better than below since one
data point > 35 dB was not used.

UID = -20 dB (Protects 99J of repreaented population)
UID = -5 dB (Protects 90J of represented population)
U/D = 1 dB (Protects SOJ of repreaented population)
U/D = 13 dB (Protects 50J of repreaented population)

Stl-ong Desired SigDal (-15 dBm): ConditiODally Dermal,
population UID expected to be better than below siDce three
data points > 15 dB were Dot used.

UID = -19 dB (Protects 99J ot represented population)
U/D =-10 dB (Protects 90J ot repreaented population)
U/D = -6 dB (Protects SOJ or repreaeDted population)
U/D = 2 dB (Protects 50J ot repreaeDted population)
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APPDDII C
(Continued)

1M. Cb'ppols

Sgupd Ie. Cjbtppol (pt14)

Weak Desired Signal (-55 dBm):

UID =-12 dB (Protects 99J of repreeented population)
UID == -1 dB (Protects 90J of repreeented population)
UID = 4dB (Protects 80J of repreeented population)
UID = 13 dB (Protects 50J of repreeented population)

Moderate Desired Signal (-35 dBm):

U/D =-11 dB (Protects 99J of repreeented population)
U/D = -2 dB (Protects 90J of repreeented population)
U/D = 1 dB (Protects 80J of represented population)
UID = 8 dB (Protects 50J of represented population)

Strong Desired Signal (-15 dBm):

U/D =-12 dB (Protects 99J of repreeented population)
UID = -6 dB (Protects 90J of repr8Hnted population)
UID = -3 dB (Protects 80J of represented population)
UID = 2 dB (Protects 50J of represented population)

Pigtur' III. Cb'ppol (Q+'5)

Weak Desired Signal (-55 dBm):

U/D = -31 dB (Protects 99J of repreeented POPulation)
U/D = -20 dB (Protects 90J of repreeented population)
U/D =-15 dB (Protects 80J of repreaented population)
UID = -7 dB (Protects 50J of represented population)

Moderate Desired Signal (-35 dBm):

UID = -22 dB (Protects 99J of repreaented population)
UID =-17 dB (Protects 90J of repreeented population)
U/D =-14 dB (Protects 80J of repreeented population)
UID =-10 dB (Protects 50J of represented population)

Strong Desired Signal (-15 dBm):

DID =-31 dB (Protects 99J of reprMented population)
DID =-26 dB (Protects 90J of repreaented population)
UID =-24 dB (Protects 80J of represented population)
DID =-19 dB (Protects 50J of represented population)


