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FOREWORD

The Electromagnetic Compatibility Analysis Center (ECAC) is a Department of
Defense facility, established to provide advice and assistance on electromagnetic
compatibility matters to the Secretary of Defense, the Joint Chiefs of Staff, the military
departments and other DOD components. The Center, located at North Severn, Annapolis,
Maryland 21402, is under executive control of the Assistant Secretary of Defense for
Telecommunications and the Chairman, Joint Chiefs of Staff, or their designees, who jointly )
provide policy guidance, assign projects, and establish priorities. FCAC functions under the '
direction of the Secretary of the Air Force and the management and technical direction of
the Center are provided by military and civil service personnel. The technical operations
function is provided through an Air Force sponsored contract with the !IT Research

Institute (11 TRI).
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This report was prepared as part of AF Project 649E under Contract j
F-19628-73-C-0031 by the staff of the |IT Research institute at the Department of Defense 4
Flectromagnetic Compatibility Analysis Center.

To the extent possible, all abbreviations and symbols used in this report are taken from
American Standard Y10.19 (1967) “‘Units Used in Electrical Science and Electrical ;
Engineering” issued by the United States of America Standards Institute. :;

]

Users of this report are invited to submit comments which would be useful in revising
or adding to this material to the Director, ECAC, North Severn, Annapolis,

Maryland 21402, Attention ACL.

Reviewed by:
/&04/%&/ ‘/ﬂ‘/é’\ ,.-%'L\&’Z-\b“v
DOUGLAS J. HUGHES " -J. M. DETERDIN
Project Engineer, 1ITRI Director of Contractor Qperations

Approved by:
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| ( RIS M AR W/UM ;
GUSTAV J. AKERLAND RICHARD H. DE WITT o
Colonel, USAF Chief, Plans and Resource Mgt.

; Director, DOD ECAC
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- Messurements were made of numerous interactions at a typi- X
=al cosite installation; results were compared with predictions 4 5
ade by the Cosite Analysis Model (COSAM) developed by the DoD \E%H‘

“Electromagnetic Compatibility Analysis Center (ECAC). Tests in- '
olved six FM voice communications transceivers operating in the
-30-76 MHz VHF range. ‘Twenty-five frequency assignments were tested,
with several desired signal levels. Types of interactions included
adjacent signals, spurious responses, spur1ou< emissions, receiver
aand transmitter 1ntermodulat10n (2 and 3-signal mixes; 2nd, 3rd,
‘Sth and 7th orders). L Eag - = -
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]

Resiults show that model accuracy is adequate for predlctlng
= the operational performance of collocated VHF-FM tactical commun
- cations cqu:pmcnt Conf1dcnce levels are prcsented
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SECTION 1

INTRODUCTION

BACKGROUND

Reference 1 describes a cosite analysis model (COSAM) de-
signed to statistically evaluate interactions between communica-
tions equipment. The first phasc of model development dealt pri-
marily with conventional UIF-AM transmitter/receive:r systems which
cmploy single channel voice modulation. Validation of this portion
of the model is documented in References 2 and 3.

The sccond development phase dealt with single channel and
multiplexed FM transmitter/receiver systems at VHF. Transmitter
and receiver cquipment models were derived from spectrum signa-
ture measurcd data. A coupling model was developed from measured
VHF coupling data (Reference 6).

Although the model components were based, primarily, on cquip-
ment and coupling measured data, a full scale validation program,
conducted in several phases was desirable to determine how well
the overall COSAM system could predict cosite situations.

Consequently, a measurcment program involving VHF equipments
was conducted by the U.S. Army Electronic Proving Grounds (USAEPG),
Fort luachuca, Arizona (Refercnce 4). Supplemental tests were con-
ducted at the Naval Electronic Systems Test and Evaluation Facility
{Reference 5). This report compares the measurements obtained during
this program with predictions made using COSAM,

The original intent of the effort was to validate the COSAM
program for simulated operational configurations of equipments for
which no spectrum signature data were available. If this were pos-
sible, the desired independence of model development from measured
equipment data could have bcen determined. All tactical VHF equip-
ments fall into one of thrce or four basic designs. Equipments
of cach design have becn mcasured in the spectrum signature program,
Attempts to obtain equipments of different design, such as commer-
cial land mobile VHF-FM equipments, for this validation program
were not successful. Consequently, the effort was necessarily lim-
ited to validation of the prediction program relative to equipments
for which measured data were previously available. Three-signal
intermodulation measured data were not available from the spectrum
signature program, so that, for this type of interaction, results
obtuined represent 2 test of capability to estimate performance
with no measurements,

1-1
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Most available measurced data are, at best, small samples of
cquipment performance.  In general, spectrum signatures involve
limited ranges of frequency separation and input power levels
tor adjacent signal, transmitter and receiver intermodulation,
and spurious responsce and sprarious cemission tests,  They also
involve limited samples of equipments of the same nomenclature.
The data do not necessuarily represent the behavior of all the
receivers and transmitters at all frequencies in the tuning
range.

OBJECTIVE

The objective of this study was to compare measured data
with predictions made by the ECAC COSAM VHF-FM prediction program
for the purpose of validating the predictive technique, and to
provide quantitative descriptions of confidence in the model and
its various components. The objective was necessarily limited to
a consideration of equipmeat for which measured spectrum signa-
turce data was available,

APPROACH

The major findings of the measurement program were described
and compared with COSAM predictions. Several measures were usecd
to indicatc how well the analysis results compared with the measure-
ments.

Measured coupling data were compared with results of the COSAM
coupling model. The avecrage difference between the measured and
predicted mean values was noted; the standard deviation of the
differences was calculated.

The overall model bias and the associated standard deviation
were also provided. Model bias is defined as the average value
of the differences between the measured SINAD output values and
the associated predicted mean values. (The term SINAD represents
the signal-plus-interference-plus-noise to interference-plus-
noise ratio, or (S+I+N)}/(I+N), wherc S refers to the desired sig-
nal power, 1 is the ecffective.sum of all interference and distor-
tion cffects and N refers to noise.) The summation is made in
watts; the ratio is in dB,

st

2 tead wid

It was determined that cvery interaction could be identified
as being due, primarily, to a specific mechanism, that is, adjacent -
signal, noise cffects, two- or threc-signal intermodulation (2nd,
3rd, 5th and 7th orders), rcceiver spurious responses or transmitter :
spurious emissions. Bias and associated standard deviation valucs ¢
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LESD-TR-73-016 Section 1

were calculated for data groups corresponding to each mechanism.

Two mcasures were provided to compare predicted System Per-
formance Scores (SPS) with mcasured SINAD values. The first,
using the "Bin method" applicable to overall results, provides
a confidence level, in terms of SPS. SPS, for this report, is
defined as the probability of exceeding a SINAD of 10 dB. The
method involves placing predicted SPS values in bins or group-
ings and determining the average SPS per bin. These averages
werce then compared with the percentages obtained by dividing the
number of measured values exceeding 10 dB by the number of samples

. per bin.

A somewhat coarscr measure, using the "Interference Condition
method", was also used to compare the measured SINAD values with
predicted SPS values for all interactions and identifiahle mech-
anisms noted above. The measure provides a confidence level in
terms of the magnitude of the crror relative to a 5-condition
scale based on operational degradation considerations.

The text summarizes major aspects of the study. Results are
summarized in Section 2 and arc given in detail along with the
analysis methods in Section 3. APPENDIX 1 contains a detailed
description of the measurcment procedure and a tabulation of the
measured data considered in the analysis. APPENDIX Il contains
a dectailed description of the analysis used in the comparison of
predicted and measured values. APPENDIX ITT is a brief description
of COSAM. APPENDIX 1V contains an analysis of the antenna AT-912/VRC
and the antenna coupler MX-2799 and their associated selectivity
characteristics.
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R o S SECTION 2

RESULTS

s The VHF-FM COSAM system predicts operational degradation
-7 . accurately in spite of the large number and thc magnitude of the
——- - -uncertainties involved. The major results, in terms of agreemont
- between measurements and predictions, were as follows: C - = -

PP T S
ek pelrmere

i 1. A comparison of 460 measured coupling values and
- ~associated predicted mean values resulted in an average difference
of 1.4 dB, with a standard deviation of &.1 dB,

‘ 2. The system model bias for 561 SINAD distribution
predictions was -1.72 dB, implying a small tendency toward predic-
tion of too little interference. The standard deviation was 5.6 dB,

3. An evaluation of the interactions identified as being
due to each of the specified mechanisms indicated that, for 86% of
the cases, the bias value magnitudes for cach mechanism were less
than 2.4 dB and that standard deviation values were less than 6.3 dB,

""The bias valuc magnitudes werc less than 6.2 dB for 94% of the cases.

4. As shown in Figure 2-1, 90% of all of the casecs re-
sulted in differences between measurcd SINAD values (Sm) and asso-
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ciated predicted mean values (55) of less than 10 dB.

5. Results of the Bin Method, depicted in Figure 2-2,
. indicated that, for ecxample, a confidence lcvel of 90% can be
: ’ assigned to a prediction of SPS * 0.225. SPS is the average SPS
value for a specified bin and SPSm is the measured SPS value asso-

ciated with the same bin.

6. Results of the Interference Condition method, using
a S-condition scale, indicated that COSAM results were within one
condition for 76% of the cases and within two conditions for 92%
of the cases.

7. Using the results of the coarser Interference Con-
£ , dition method, the probability of a COSAM prediction resulting in
: a gross error is less than 0.08. (A gross error is defined as a
: situation where a prediction will indicate acceptable or better
performance when a measurement indicates intolerable degradation,
or the converse situation,)
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SECTION 3

ANALYSIS

INTRODUCTION

S ikt s e it

This section contains an outline of the measurement program
“and a description of the methods cmployed to design the experi-
ment. The various measures of comparison between measurements and
predictions are also described, TFinally, major results of the
- -comparisons are provided, S e e

i
i clid, S

|
¥

u‘-‘:th

MEASURIEMENT PROGRAM

|
i
;
1

Reference 4 contains measured bench test information, of the
type obtained in the spectrum signature program, for four equip-
ments, namely, the AN/FRC-25, the AN/PRC-77, the AN/VRC-49, (two
AN/VRC-12 transcecivers) and the AN/GRC-163 (two AN/VRC-12 MUX
transceivers)., All of these equipments are FM transceivers, using
the 30-76 Miz portion of the VHF band. The first threc are designed
for single-channel voice communications and the last is designed for
frequency division multiplexing (MUX) of four voice channels, four
teletype channels, and one administrative voice channel.

]
i

sy

;L

Also included in the data are coupling loss measurements for
a specific configuration of six closely-spaced VHF antennas, and
an extensive compilation of information obtained when each of six
receivers was individually cxposed to simultaneous radiations from
five transmitters operating at various frequencies in the 30-76 MHz
band.

o dbaisld i

- i |

A complete description of the field measurements is contained
in APPENDIX I. Briefly, 25 frequency assignments were provided
to the measurement agency. The six transceivers were assigned to
the six antennas. For each assignment, a specified tone-modulated
desired signal was inserted into the first receiver and the output
(S+N)/N ratio was recorded. The five interfering transmitters were
activated, using noise modulation, The output (S+I+N)/(I+N) ratio
(designated SINAD), was recorded for that assignment, The trans-
mitters were tuned on and off during certain tests to determine
which of them contributed to the noted interference.

For a number of tests, the desired signal was modulated with
a voicc message and the undesired transmitters were modulated with
a different voice message. A tape recording was then made.
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ESD-TR-73-016 Section 3

The procedure was repeated for the other five receivers for
the first assignment and then re-run tor the other 24 assignments. Then,
the total procedure was repeataed for different desired signal levels.

In effect, a total of 450 receiver mecasurements were called
for initially [6 recccivers x 25 assignments x 3 desired signal levels
(-85, -95, -105 dBm)]}. Because additional tests were specified af-
ter the measurement effort started, the total number of measurements
actvally recorded was 561. ‘ ~ -

TABLE I1-1, in APPENDIX 11, contains a summary of the perti-
nent measured data, including the interaction identification, the
desired signal level, the output (S+#N)/N ratio and the output SINAD
ratio. Other pertinent data, noting the power levels of the var-
ious transmitters and the identification of transmitters causing
significant interactions, arc given in APPENDIX I.

PREDICTION PROGRAM

Most of the predictions were made, using COSAM, prior to ob-

~ taining the measured data, The 2rrangement of antenpas was orig-

inally intended to resemble an Army or Marine Corps tactical com-
mand post, but practical considerations resulted in the configura-
tion described in APPENDIX 1,

Of morc concern was the pattern of frequency assignments, It
was deemed desirable to subject cach equipment to an equal number
of cach of the interactions considered by COSAM, namely: adjacent
signal, spurious responses, spurious emissions, and transmitter
and receiver intermodulation (IM). Further, it was desired to
check both two- and three-signal IM mixes of various orders. Vari-
ous frequency scparation ranges were included for each interaction

type.

It would also have been desirable to secure output SINAD valucs,
ranging from zero to the maximum, in an approximately uniform man-
ner,for all nomenclaturvs. If all of thesc conditions could have
been met, one could state with confidence that a complete, homo-
geneous population had been available for analysis. Unfortunately,
even with the 25 assignments, it was not possible to generate a
homogeneous population. Later scctions will describe the spreads
involved, the numbcr of each type of interaction, ctc.

TABLE I1-1, in APPENDIX 11, contains, for ecach interaction, the
predicted values of mean SINAD output and the System Performance
Score (5P'S). These scores are used, as discussed below, to provide
a measure of confidence for the model,

3-2
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ESD-TR-73-016 Section 3

The intcraction identifications provided in TABLE IT1-1 refer
nnly to the major mechanisms predicted by COSAM, 1In many cases,
S$PS values are intluenced by morve than one mechanism and more
. than onc transmitter, Conscquently, cven though, for example,

“an adjeacent signal or a spurious response is identified, the
score may reflect the effects of other transmitters and other
mechanisms., o T

__MODEL VALIDATION

Evaluation of Coupling Predictions

As noted in APPENDIX [, 460 coupling measurements were made
among the 6 antennas. Four of the antennas were connected to
MX-2799 antenna couplers, which provide 10 tuning positions.

Four tuned frcquencies were used in conjunction with four tuning
positions of the couplers. The bias was approximately 1.4 dB;
i,c., measurcd values, on the average, exceeded predicted valucs
by this amount, The standard deviation was approximately 8.1 dB.*

Note that the coupling values for a large majority of the
measurements included the attenuating effecrs of the couplers,
The coupier seclectivity model was based on a single set of mea-
surcments made at Fort Huachuca scveral years ago (Reference 7).
The instruction manual for the coupler (Reference 12) indicates
that the device is matched to the antenna and the transceiver by
ensuring that an input VSWR of 3:1 is not excceded. The matching
procedure involves adjustment of one or two capacitors in cach of
the ten networks,

For a large majority of the coupling measurements, both coup-
lers were in off-tune positions relative to the measurement fre-
quency. APPENDIX IV indicates that the matching procedurc can
result in circuits which can have considerably different off-fre-
quency rejection characteristics from one coupler to another, Trans-
mission line length can also have a significant effect. Variatioss
up to 12 dB are possible,

Evaluation of the coupling data suggests that prediction crrors
can be attributed to the combined effects of antenna-to-antenna coup-
ling and antenna coupler selectivity., Eighty percent of the total
sample involved errors less than 10 dB; approximately 94% of the
sample involved errors less than 15 dB,

¥ The predicied mecan values have not been tabulated with the mea-
sured values. If desired, one can perform this comparison, using
the data supplicd in APPENDIX 1, Equation I11-7 in APPENDIX I1I, and
the curves provided in APPENDIX 1V, labelled USAEPG data, The mean
antenna gains used in the cquation were -1.6 dB for the whip and
-6.9 dB for the LPA. 3.3

o b A

sl

38 . GRS Ao 0 NI 1 G Rl

il o s Muuﬂduama

b

1

AL kel




I T e e syt
Yi‘%m;u_ﬂ?_ SRR XSS g o e emingos vammre s e

B et ot

ESD-TR-73-010 Section 3

Reference O indicates that a standard deviation (o) of 6
or 7 dB can be expected for the antenna-to-antenna c¢oupling
model. The uncertainties involved in coupler tuning can be
cxpected to increase this valuc to at lcast 8.1 dB, which was the
computed standard deviatiorn.

It is of interest that the path between anrtennas #1 and #4 L
consistentiy indicated errors involving too littlie loss as com- '
pared with predictions. The orientation of the antennas (including

77 “the effects of antenna #3 on the jeep; see Figure 1-1) evidently
‘resulted in increased gains over this path. '

Conversely, combinations 1-2 and 3-4 (on the jeep) cxhibited
more loss than was predicted.

However, the uncertainties involved with coupler selectivity
suggest that there is no justification for modifying the coupling
model. A revised statistical coupler loss model which will pro-
vide slightly more accuracy, is presented (Figure IV-19 to 1V-23),
but it appears that no gencralized model for the configuration in - S
question could be devised which could reduce the overall ¢ to a -
value of less than 7 dB.

In general, the small bias value suggests that the models of
path loss and coupler selectivity are predicting average values
agcquatcly. Some improvement in the coupler model (involving
transmission linc length and average values of the tuning capaci-
tors) will be achieved by incorporating the revised statistical
model. Construction of improved coupling models for specific con- _
figurations (i.e., different orientations rclative to a jeep or 3
some other obstaclc) does not appear to be warranted.

Evaluation of dB Variations ; =

As indicated, 561 SINAD output distributions were predicted
and compared with the same number of measured SINAD output values,
Each measurement is said to be a sample of each distribution.

We wish to dctermine how well the distributions represent the
measured values. This is a rather unusual problem in statistical T
analysis, for which no standard procedurc is krown. Instcad of
! having one distribution to cvaluate, we have a family of distribu- 4
i tiong. The metheds appliced in the following subsections were de- - :
veloped in Reference 2.
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The model bias (B) is defined as follows:

1 . E

B = &~ &  Ai (3-1) 3

- N . 3

i=1 - : -

_where: A
3

Ai = the ith value of SM minus the ith value of 4

§y = the measured output SINAD value, in dB .

§ﬁ = the predicted output SINAD mean value, in dB g

N = the number of samples 5

B, theretorc, represents the mean deviation, or the average
difference between the measurcd values and the associated predicted
mean values, in dB. A positive value will indicate, on the average,
that the model is predicting too much interference. A value close
to zero would be desirable.

The sccond test performed was the computation of o(a), defined i b
as follows: :

DAl ke o

N
o) = 1 [ - a2 (3-2)
1=

3

4
1 P =
-g a
E :

3

a(8) is defined as the standard deviation of the SM - §% distri-

bution and provides a measure of the spread of the deviations from

the mean. A plot of the cumulative distribution is given in Figure 2-1,
Exanination of the plot provides the percentage of the total which is
les. than any specified dB level. .

The values of B and o(A), for all of the measurements and the
various interaction categories, provide partial validation measures.
In a sense, they represent the confidence one can place in the mod-
el's ability to predict mean values.

A third test was cmplnyed to determine the characteristics of
o(S_), the standard deviation of the predicted distribution rela-

tive to the absolute value of Sy, - §b. A cumulative plot of the
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rclationship is given in APPENDIX 11, Figure I1[-2.

Evaluation of System Performance Scores (SPS)

COSAM's primary output is a numerical estimate of operational .
performance. That is, the SPS is the probability of cxceeding a ' o
-specific SINAD threshold value (10 dB, in this study), which is -

- rclatable to an Articulation Score {AS) or an Articulation Index
(Al) value. 1In other words, the predicted probability distribution
is mereiy a means to an cnd. 1If possible, one would prefer to have
~a straightforward mathematical measure of the quality of the SPS
scores, as comparced to the mecasured SINAD values. - S -

As indicated, two approaches to this problem were adopted,
namely, the Bin Method and the Interference Condition Method,

The Bin Method. All of the SPS values werce placed in bins,
or groupings. Several bin sizes were ¢xamined., Twenty (20) bins
wvere adopted since this valuec provides an approximately equal num-
ber of scores in each bin, except for the first and last bins, A
larger number of equal bin sizes provided essentially identical
results. TABLE 3-1 indicates the number of cases in each bin, N,
and average SPS value associated with each bin, SPS, together with
the percentage of total cases per bin.

Also provided is the number of cases for each bin for which
the measured SINAD values exceed the threshold of 10 dB, N,. Then,

we noted the yuotient of NT/N, defined as SPSm.

The first and last bin are considerably larger than the others,
This was because a large number of predictions were either zero or
1.0, accounting for approximately 30% of the total,

The last column, SPSm - SPS represents another possible mea-

sure, Over half of the diffcrences are negative, indicating that
the model predicted too little interference. The average value of
the differences was approximatcly 0.1 suggesting that, on the aver-
age, predicted SPS values will be too high by this amount.

Figure 3-1 is a plot of 5PS versus SPSm. The diagonal line

describes the results an ideal model would provide if it were

Biven a large homogeneous population. That is, since the SPS .
represents the probability of exceeding 10 dB, then by definition

SFS should equal NT/N'
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A measure of model error, in terms of SPS units, can be
obtained by subtracting *the values of SPSm from the correspond-

ing values of SPS on the idealized curve, At the lower values
of 8PS, there was a tendency to predict too much interference,

while at the mid and higher range values, the converse was true.

) Figure 2-2, a cumulative pirobability distribution of errors
(20 values), as defined, is constructed of data from the previous
figure and TABLE 3-1. The ordinate probability values refer to
the percentage of total cases (561) for which a specified error

- was noted. The smoothed curve provides an cstimate of model

error. As can be seen, for 90% of the cases, an crror of less

than 0.225 SPS units was noted, In practical terms, this indicates
that the user can be confident that a prediction of SPS will be
accurate within £0.225 SPS units (for example 0.5 # 0.225) with

90% confidence. If other confidence levels are required, they may
be taken from Figure 2-2,

The smoothed curve in Figure 2-2 is the cumulative distribu-
tion function of a normal distribution with a mean of 0.116 and a
o of 0.085.

Interference Condition Method. The Bin method provides an
overall error measure. It was also deemed desirable to provide
a morc detailed measure which could be applied to cach type of
interaction as well as to the overall population. The Bin methad
can be meaningfully applied only if a relatively large number of
samples is available,

The Interference Condition Method is based on the hypothesis
that a comparison of each measured value with each associated pre-
dicted SPS value is valid if viewed in operational terms. For
example, if the SPS is 0.9 and the measured SINAD is 20 dB, one
would note that this is a good prediction. Similarly, if the
SINAD were O dB for the same SPS, one would say that this is a
poor prediction. This type of decision is not entirely subjective,
although some judgment is involved in specifying limits between
good and poor predictions. However, past experience in rating in-
terference conditions provides some precedent for employing this type
of measure of prediction accuracy. .

In simple terms, it should be apparent to the COSAM user that
an 3PS greater than 0.8, for example, represents good performance.
Similarly, scores 'ess than 0.2 should represent intolerably poor
performance, while the range between 0.4 and 0.6 represents margi-
nal performance. Whether 0.3 should be considered poor or marginal
1s a more tenuous decision.
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The measured SINAD values present a similar problem in
interpretation. This subject was discussed extensively in Ref-
erence 2, It was determined that SINAD output values greater
than 15 arc good and values less than 4 are poor with a range of
- 4-15 being marginal. Other choices are possible.*

Labeling ranges of SPS and SINAD in such a manner will permit
—one to compare COSAM SPS outputs with measured values. We wish

to know, primarily, the likelihood of COSAM predictions resulting
in gross errors. (A gross crror is defined as a prediction of
good performance when a measurement indicates intolerable degra-
dation, or the converse situation.) )

The 5-condition scale of TABLE 3-2 will be used to relate SIS
and SINAD to opecrational degradation,
TABLE 3-2

SPS/SINAD FIVE-CONDITION SCALE

Condition SPS Range SINAD Range (dB) AS Range
A 0.81-1.00 > 18 > 0,85
B 0.61-0.80 > 12; < 18 0.75-0.85
C 0.41-0.60 > 7; <12 0.65-0.75
D 0.21-0.40 > 4; < 7 0.5-0.65
E 0.00-0.20 <4 7 < 0.5

Since our data includes 5ol pairs of SPS/SINAD values, we
may simply note the percentage which have no errors, l-condition
errors, 2-condition errors, 3-condition errors, and the maximum
error of 4 conditions,

The 5-condition scale is quite suitable for this exercise
since it will account for minor score or measurement differences.
A l-condition error would, presumably, be acceptable. A 2-condi-
tion error might be undesirable but still acceptable. (This assump-
tion+is discussec in more detail below.} A 3-condition error would
be pocr and a 4-condition error would be clearly unacceptable. We
define 3- and 4-condition errors as gross errors.,

* For example, the CCIR (Vol. III, 1963) indicated that 6 dB was
just acceptable for operator-to-operator, 15 dB was marginal for
commercial use, and 33 dB was good for commercial use.

3-10
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Before procecding to an analvsis of the data, we note the
relationships between possible condition errors and SINAD JB
diffarences. That is, if there is an X dB difference between a
predicted and a measured SINAD value, what is the impact in terms
of condition errors?

We assume a maximum SINAD of 30 dB. Higher values are pos-
sible, but none were recorded during the validation tests.

TABLE 3-3 indicates that a difference less than or equal to
7 dB will not result in three- or four-condition errors. Dif-
ferences less than 10-12 dB will occasionally result in three-
condition errors and a minimum difference of 14 dR is required to
causc a four-condition error. In the extreme, even a 26 dB dif-
ference may result in only a three-condition ecrror,

TABLE 3-3

SINAD dB DIFFERENCE VS CONDITION ERROR RANGE (FIVE CONDITION SCALE)

dB
Difference |
[|Sm - Spl] Minimum Maximum

Condition Lrror Range

>26
22-26
18-22
14-18
12-14
7-12
4-7

L_' 0-4

For simplicity, we will define our interference condition con-
fidence levels, P and P,.» as the probability of not cxperiencing

QOO HNNWE
(ST S X XIS LN A S e

an error of more than 1 or 2 conditions, respectively. APPENDIX 11
contains detailed data, including probabilities of not experiencing
a condition error and experiencing one-, two-, taree- and four-con-
dition errors, as well as a discussion of the implications of dB
differences.
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judgments of performance is that the probability of committing

- the chance of poor performance occurring will be even smaller and,
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A major requirement for a prediction model involving value

a gross error, as defined above, should be small, 1If this capa-
bility exists, the analyst can be assured that a prediction of
good performance can be assigned a relatively high confidence
level. When good performance is predicted the chance of marginal
performance occurring will be small, though not negligible, but

hopefully, negligible. The converse will also hold true.

If, as has been obscrved, onc were to merzly predict that all )
cuases were marginal, there would be no errors greater than 2 con- -
ditions in a S5-cvondition scale, suggesting that the P, measure

is not particularly mean:ngful. However, a value of Py greater

than 0.9 is highly significant, If all cases were to be considered
marginal, onc would have to treat all of them as potential problems,
Given a value of Py greater than 0.9, one can be assured that the

chance of intolecrable interference (i.e., SINAD < 4 dB) occurring : :
when the SPS is greater than 0.0 is quite small,” Consequently, :
these higher SFS scores can be considered safc with only a small
probability of gross crror.

SUMMARY OF RESULTS

This section outlines the results of the analysis. Predicted
values of selected validation measures for all interactions, as
well as the results obtained for some of the individual interactions, A
arc noted. APPENDIX II provides an expanded discussion of the find- -
ings, particularly intermodulation (IM) effects.

TABLE 3-4 provides the computed values of B, ¢(A) and P,

defined above. Note the distinction between adjacent signal and
noise interactions. If no other interaction is noted, the effects
are said to be due to noise. Numerous potential spurious responses,
spurious emissions and IM interactions were found to be primarily
due to noise and, in most cases, were predicted accordingly. For
example, for desired signals of -95 and -105 dBm, both measure-

ment and prediction would indicate a spurious response, due to a
specified transmitter. At -85 dBm, there would be no specified
transmitter noted in the measured data, indicating that the effects :
were due to noise. Consequently, the noise interactions, in ef- -
fect, indicate the adequacy of the model's ability to properly pre- 1
dict no interference for all of the interactions involved. Several

7th order IM cases were included in the assignments but none proved
to be significant.

'3-12
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Three types of spurious responscs arc significont, namely:

a. predicted and noted
b. predicted but not noted
C. noted but not predicted

There was only once case in the second category and none in
the third, Lffectively, this implies that the model predicted
only onc responsc incorrcctly. This response is discussed in
detail in APPENDIX I1,

Spurious emissions arc also discussed in detail in APPENDIX 11,
Three values, representing two predictions at different desired sig-
nal levels, were overly optimistic. The remaining cases showed close
agrecement between measurements and predictions. Most VHF transmit-
ters of this type, for which measurcments exist, exhibit well-de-
fined in-band emissions. They are a function of ‘a single conver-
sion heterodyning process which translates a signal at 11,5 MHz
to the operating frequency,

Although transmitter 1M was predicted for all 2-signal IM cases,
the effects were considerably less than those of receiver IM for all
but five cascs. Conscquently, the transmitter IM model was not, in
cffect, validated in a quantitative scnse. [t is clear, however,
that contributions from the interaction were generally negligible
comparcd to receiver IM effects, thus providing pertial validation.

A review of the numerical values in TABLE 3-4 indicates the
following:

1. The bias value (B) for all 561 interactions was -1.72 dB,
2. For individual interactions (excludirg transmitter IM,
the onc case of spurious response discussed above and undeclared 2-
and 3-signal IM interactions) bias value magnitudes were all less
than 2.4 dB. '
3. Approximately 80% of the intcractions resulted in
o(4) values of less than 6.3 dB, 3-signal IM values of o(A) were,
in general, somewhat larger than 2-signal IM values.
4, 2- and 3-signal RIM measures were B = 0.37, o(4) =
5.13, and Py = 0,96, suggesting that agrecment between measurcments

and predictions of this highly significant and complex interaction
was very close.

5. The P, values, representing the probability of pre-
dicting an SPS score incorrectly by two or fewer interference con-
ditions in a 5-condition scale, were greater than or equal to 0,89
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for 94% of the cascs., For all interactions P, Was 0.92, which

represents a coarse confidence level for the model. Incidentally,

Py involving zero- or onc-condition errors, for all interactions

was 0.76.

6. It is of intcrest to comparce the confidence levels
obtained with the Bin and Interference Condition methods. The
90% confidencc level of 0,225, obtained with the Bin method, in-
volves a condition error slightly larger than onc., The 76% level
is approximately 0.18, a condition error slightly less than one.
This suggests that 1- and 2-condition crror confidence levels are
supported by the bin approach,

DISCUSSION

APPENDIX 11 provides a summary of additional data and asso-
ciated evaluations. This scction presents a few brief highlights
of the study.

1f a dB measure of confidence is '-<- d, APPENDIX Il indi-
cates that 90% of the cases resulted . “:rences between the
measurements and the predicted mean values ot less than 10 dB.

The user can be confident {(using cither the interference con-
dition or bin measurc) that SPS scores greater than 0.6 represent
acceptable or better performance. G5cores less than 0.2 are indi-
cative of probable intolerable degradation.

Scores between 0.2 and 0.6 are indicative of marginal per-
formance. If these values appear, they should be treated as
requiring attention. Scores greater than 0,9 require no fur-
ther attention. Ideally, all scores should be greater than this
valiue.

The user is warned that, occasionally, spurious responses
and emissions will not be properly evaluated by CUSAM. Some could
be predicied and not noted; some will be noted but not pre-
dicted. Measurement-supported analytical studies are being con-
ducted in an attempt to reduce the uncertainties involved in these
phenomena,

In regard to jintermodulation, evaluation of the mcasurecd datu
revealcd no cases where IM was predicted but did not appear. A
significant number (20) of apparent 2-signal interactions occurred
which were not predicted. Thesc represent cases which arce not
presently included in COSAM, but which are heing added. Only nine

cases (involving two specific intcractions) were noted where 3-signul
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(5th order) IM occurred but was not declared. Changes being made
to the model will correct this situation. In an operational sit-
uation, most of the cases will be cither obviously acceptable or
obviously unacceptable. Censiderable effort was required to gen-
erate assignments whosc SINAD outputs fecll between 5 and 12 dB,
corresponding to SPS values between 0.2 and 0.6, As indicated

in APPENDIX 1IJ, 23% of the total cases were in this range. In
an operational situation, a much smaller percentage of marginal
values can be expected.

In other words, most of the scores will probably be greater
than 0.6 or less than 0.2. On the basis of the noted confidence
levels, the chance of a gross error for cases outside these limits
is less than 8%, or, in betting parlance, about 11.5-to-one¢ odds.

In gencral, the VHF-FM COSAM system predicts operatiornal de-
gradation accurately in spite of the large number and the magnitude
of the uncertainties involved.

CONCLUDING COMMENTS

The measurvient program appears to have achieved its primary
objective, namely, validation of the VHF-FM COSAM system in a
quantitative manner. Rcsults of this analysis and Reference 2
suggest that the VIIF/UHF/FM/AM portions of COSAM are valid. No
major changes to the modeling concepts appear to be necessary.

Similar efforts will be phrsued to develop and validate the
HF/SSB/FM/AM portions of the model, and the COSAM system model.

b e e 25 e AL i sl Sl o
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This report and the earlier report (Reference 2), particularly
APPENDIX 1 of each, represent a test-bed for those who cither have
or are developing a cosite analysis capability. The data can be
uscd to validate any model of this type. The results of such a
validation can be used to rate the model and compare it to COSAM's
performance, if desired,
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APPENDIX 1

DESCRIPTION OF FIELD MEASUREMENTS

INTRODUCTION

This appendix is a copy of much of the material provided in
Reference 4 (Volume III). It is provided for the following rea-
SOns:

1, The referenced document may not be readily obtain-

bk AT 2L I v, o e 0 v et

able,

. Lot i el N DL, i A
[

2. Its availability provides authcntication of the
validation process described in this document.

3. It furnishes the basis for any agency to perform
its own model validation of all or part of the total test.

i b bl 10500

DISCUSSION OF CONTENTS

Figures I-1 and 1-2 represent the antenna and system config-
uration used. The large vans shown in Figure I-2 contained in- ;
strumentation only. The hcight of a man carrying a back-pack
transceiver (e.g. AN/PRC-25 or 77) was simulated at both positions
1 and 2 by wooden structures., FEquipment at positions 5 and 6 con-
sisted of an AN/GRC-163. This system contains two jeep-mounted
AN/VKC-12 (RT-524) transceivers to which frequency division multi-
plex (MUX) capabilities have been added. Positions 3 and 4 con-
sisted of a second jecp (AN/VRC-49) with two simplex RT-524 trans-
ceivers. Figure 1-3 shows these systems with their antennas and
auxiliary power generator trailers,

TABLES I-1 through I-15 represent coupling data taken between
all antenna pairs at four tuned frequencies, involving 460 sampics,
Mcasurements were actually taken over the cntire band (30-76 Milz)
by means of a sweeping technique but this information will not be
provided herc.

The technique involved recording the amplitudes of the received
power levels (throughout the frequency range) on a spectrum analyzer,
Given appropriate calibration and the known input power, coupling
loss could be read directly from photographs of the analyzer display.

As indicated in TABLES 1-1 to I-15, only . ur out of the avail-
able ten positions of the MX-2799 coupler were considered during
¢« the coupling test. The valucs noted in the fifth column [Spectrum

T-1
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(,,.

Analyzer, Pr) werc read from the spectrum analyzer display, using

the appropriate valibration factor.

Ccupling loss (the last column) is, simply Pt (the 3rd column)
minus Pr'

TABLE 1-16 represents the 25 frequency assignments used in
the test. Subtest 2.9 is described in the TEST DESCRIPTION section.
An audio tape has been prepared which contains typical interfer-
cncr conditions of differcent levels due to the various phenomena
encountered,

TABLES 1-17 and 1-18 indicate the ($+N)}/N and (S+7+N)/(I+N)
values for initial tests for desired signal levels of -105 dBm
and -95 dBm, respectively. The .emaining columms contain the
actua! transmitter power levels used. After these initial tesys
were run, the ECAC requested that these two cases be rerun and
that additional tests he performed. The reruns differed in that
interferers were tuned off in a pattern which identified the major
interferers, These data are precented in TABLES I-19 and I-20.
Some differcnces in results noted between the two tests emphasize
equipment variabilitics.

TABLES 1-21 and 1-22 contain data for additional tests with
desired signals of -85 dBm and with levels greater than -85 dBm
required to obtain a 10 dB (S+1+N)/(I+N) value, respectively.

TEST DESCRIPTION

The frequency combinations* given in TABLE I-16 were used for
subtest 2.9. The transceiver connected to antenna 1 was designated
as the desired equipment or test link receiver (TLR), and a desired
signal of -105, -95, -85, or greater than -85 dBm, 30 percent modu-
lated with the reference audio-frequency tone, was inserted. The
transmitter portion was not activated. The transmitters of the
remaining five transceivers were 100 percent noise modulated. Their
corresponding receivers were in standby mode. Power output levels
used were the maximum values attainable at the specified frequencies.
The output levels werc monitored and recorded. The following three
measuremenis were taken:

1. Measurements of (S+N)/N were made with the noise mod-
ulation to the interference turned off.

* The Roman numeral portion of each test number identifies the fre-
quency combination for that test group of six runs. The Arabic nu-
meral portion of the test number identifices the antenna to which the
transceiver which is being uscd as the test link receiver (TLR) is
connected, j-2
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ESD-TR-73-016 Appendix I

2.  The noisec input was then introduced to the inter-
ferers and measurements of (S+1+N)/(I+N) werc made.

3, The audio-frequency tonc was then removed from the
desired sipnal to the TLR, and the desired signal was modulated
100 percent with a standard voice message. The noise modulation
was removed from the interfering signal which was then 100 percent

-modulated nonsynchronously with a second standard voice message.

~ On some tests, a 30 second tape recording was taken and appro-

priately annotateu; for example, "Test No. 1-1" (followed by mes-
sage).

The test was repeated with the same frequency combination

-but with the transceciver conuccted to antenna 2 operated as the

desired recciver. One completed test involved mecasurements of
six receivers (combinations 1-1 through I-6).

A second frequency assignment combination (I1) was then tested
in the same manner. A total of 25 combinations representing 450
individual measurcments of (S+I1+N)/(1+N) was plannced; however, not
all frequencies could be used because of outside interference. Re-
fer to TABLE 1-16. Intermittent interference, from unknown sources,
made several additional frequencies unusable during certain tests.

TEST RESULTS

Values of (S+N)/N, (S+1+N)/(1+N), and interferer power levels
are given in the tables listed below. These tables cover the test
series of subset 2.9 in the following manner:

S Level Taped Record
Table (dBm) Test Type (No. of Cases)
1-17 -105 All Interferers on None
1-18 -95 All Interferers on None
1-19 -105 Interferer Isolation 6
1-20 -95 Interferer JTsolation G
1-21 -85 Interferer Isolation 9
1-22 > -85 (S+I+N)/(1+4N) = 10 dB None

An apparent anomaly was noted in a few cascs where interfer-
ence was less with all interferers on than with only one inter-
ferer on (the worst-case values are recorded in TABLE 1I-1 and used

for this analysis). This phenomenon was confirmed by multiple checks,

1-3
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it e i

“and therefore is belicved to represent the true situation, al-
though the explanation is not known.

In some cases, intermittent readings were obtained, thought
“to be due to alternatc capture and release of the rcceiver's auto-
~ “matic frequency control. This might have been caused by external
-.-— —-interference, an intermodulation product, the closeness in fre-
‘quency of system 2 to system 1, or a similar phenomenon. These
cases are referred to in the tables as "Alternate capture and
r¢lease." L
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JPosition Equipment Antenna

; PRC-25  AT-912 40

2 PRC-77  AT-912

3 VRC-12  AT-912 30+ *0)

4 VRC-12 AT-912 y

5 VRC-12 (MUX)\ Log- 20{ o @

6 VRC-12 nux,}pegmmc (rt) a) "3

(AS-2169/G) 10 .
(2)
o hit) 0

0 10 20 30 40 50

x (ft)

ANTENNA COORDINATES (ft)

POSITION X Y Z (approx)

GV N —

NOTES: zu Antennas for
b) Antennas for

45 30 1
35 10 1
10 20 3
5.5 20 3
0 0 36
50 0 36

terminals 1, 2, 3, 4 are vertical whips.
terminals § and 6 are horizontally

polarized log-periodic types. The orientation of these
antennas {s away from the rast of the deployment, as

follows:
5 _ 6
APPROX IMATELY APPROXIMATZLY
60° 60°

{c} Antenna heights for whips (terminals 1, 2, 3, 4) refer

to height of

base above ground. Heights for log-

periodic antennas (terminals 5, 6) refer to heights of

feed points.

Figure I-1.

Antenna layout, subtest 2.9.3

I-5
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Figure 1-2. 45X2 Test Site
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Figure I-3. AN/GRC-163 (Rear), and AN/VRC-49 Communications Systems




ESD-TR-73-016

Subteat 2

.10,3

TABLE I-1

Appendix 1

Trenomitter Antenna AT-912

Position 1

COSITE COUPLING LOSS, ANTENNA POSITIONS 1 AND 2

Rec :fver Antenna AT-912 Position 2
Sweap Oacillator HP-8601A S/N 912-00810
Spectrun Analyzer HP-8553B/8552A S/N 3339
Significant Control Positions
Transmitter Raceiver Spectrum |Coupling
Test FreqiMX2799 Band | Sweep Osc. P, |MX2799 Band | Analyzer P | Loss
(MHz) (MHL) (dBm) (MHz) (dBm) » (dB)
32,0 }30.0 - 32.7 10 30.0 - 32.7 |-16,2.10-5 26
47.9 - 52.95 ~45,2.10-6 55
56.3 - 59.7 *x 2,10-7 -
70.9 - 75.95 -39.2.10-8 49
32.0 130.0 - 32,7 10 47.9 -~ 52.95]-48,2.10-9 58
47.9 - 52.95 -60,2.10-10 70
56.3 - 59.7 Wk 2.10-11 -
70.9 - 75.95 -52,2,10-12 62
32.0 ]30.0 - 32.7 10 56.3 ~ 59,7 | ®** 2,10-13 -
47.9 - 52,95 ik 2.10-14 -
56.3 -~ 59.7 % 2,10-15 -
70,9 - 75.95 *k 2.10-16 -
32.0 ]30.0 - 32.7 10 70.9 ~ 75.95|-40,2.10-17 50
47.9 ~ 52.95 -57,2,10~18 67
36.3 - 59.7 ** 2.10-19 -
70.9 - 75.95 -55,2.10-20 65

amm s ——

photos,

**Below sensitivity.

1-8

*Numbers following commas are figure numbers of corresponding ;
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TABLE 1-1 (Continued)

Subtest 2.10,3

Traninmitter Antenna AT-912 Position 1 -
‘Recelver Antenna AT-912 Position 2
. Sweep Oscillator ___ HP-B6QlA S/N 912-00810

Spectrum Analyzer _ HP-8553B/8552A S/N 3339 ;
significant Control Positions 3
]

Transmitter ) Receiver Spectrun |Coupling
Teat Freq{MX2799 Band | Sweep Osc. Pt MX2799 Band | Analyzer P, Loss E
(MHz) (MHz) (dBm) (MHz) (dBm)* (dB) L
43.0 ]30.0 - 32,7 10 30.0 - 32.7 |-42,2.10-5 92 3
47.9 - 52.95 ~44,2,10~6 | 54 i
$6.3 - 59.7 -60,2,10~7 50 H
70.9 ~ 75.95 -58,2.10~-8 68 ﬂf
43,0 0.0 - 32.7 10 47.9 ~ 52.95)-46,2.10-9 56 7
47.9 - 52.95 -40,2.10~10 50 3
$6.3 - 59.7 -38,2.10-11] 48 5
70.9 - 75.95 -62,2,10-12 72 ,
:
43.0 30.0 - 32.7 10 $6.3 -~ 59.7 |-45,2.10-13 99 §
47.9 - 52.95 ~38,2,10-14| 48 ;
56.3 - 59.7 -36,2,10-15% 46 {
70.9 - 75.95 -39,2.10-16] 49 ]
43.0 [30.0 - 32.7 10 70.9 - 75.95) **,2.10-17] - i
47.9 - 52,95 -49,2,10-18 59 ’
56.3 - 59.7 -48,2,10-19 58 f,
70.9 - 75.95 -56,2.10-20| 66 §
#
I§

*Numbers following commas are figure numbers of corresponding
photos.

**Below sensitivity.
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TABLL 1-1 (Continucd)

Subtest 2.10,3

Transwnitter Antenna AT-912 Position 1

Receiver Antenna AT-912 Position 2

Sweep Oscillator HE-8601A S/N _912-00810
Spectrum Analyzer _HP-8553B/8552A S/N __3339 :
Significant Control Positions ' :
Transmitter ) Receiver Specttum |Coupling | :
Test Freq]MX2799 Baud | Sweep Osc. P |MX2795 Band | Analyzer P| loss i
(Miz) (MHz) (dBm) (MHz) (dBm)* (db} :
54,0 130.0 - 32.7 10 30,0 - 32.7 | **,2.10-5 - ;
47.9 - 52,95 -45,2,10-6 55 ;
56,3 - 59.7 -50,2,10-7 60 §
70,9 - 75.95 -53,2.10-8 63 , §
i
54,0 30.0 - 32,7 10 £7.9 - $2.95}-40,2.10-9 50 :
47,9 - 52.95 ~16,2.10-10 26 !
56.3 - 59.7 -20,2.10-11 c ;
70.9 - 75,95 -21,2.10-12 31 ;
{
54.0 [30.0 - 32.7 10 56.3 ~ 59.7 {~42,2.10-13] w2 ;
47.9 - 52,95 -20,2.10-14 30 i
56.3 ~ 59.7 -22,2.10-15) 32 !
70.9 ~ 75.95 ~27,2.10-16 37 ;
s4,0 }30.0 - 32.7 10 70,9 - 75.950-46,2.10-17 % ;
47,9 - 52.95 -22,2,10-18 32 !
56,3 ~ 9.7 -26,2.10-19 36 !
70.9 - 75.95 -27,2.10-20 37 ;

i e ot
e i

*Ngmbers following commas are figure numbers of corresponding
photos. '

**Below sensitivity. i
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TARLE 1-1 (Continucd)

Appendin |

R Y A

e

?
%
Subrest 2.10,3 :
Transuiitter Antenna AT-912 Poaitien 1
Recelver Antenna AT-912 Position 2
Swaep Oscillator  HP-8601A S/N _ 912-0U810
Spectrum Analyzer HP-8553B/8552A S/N 3339 i
Significant Control Fositions §
3
£
Transmiccer | ) Receiver Spsctrum |Coupling é
Teat Freq[MX2799 Band | Sweep Osc. P, |MX2799 Band | Analyzer Py| Loss H
(MHz) (MHz) (dBm) (MHz) (dBu)* (dB)
65.0 }30.0 - 32.7 10 30.0 - 32.7 §-52,2.10-5 | 6z
47.9 ~ 52.95 -52,2.10-6 62 . %
56.3 -~ 59.7 -42,2.10-7 52 ;
70.9 ~ 75.95 -40,2.10-8 50 i
65.0 ]30.0 - 32.7 10 W7.9 ~ 52.95)44,2.10-9 54 ,
[47.9 - 52.95 ~42,2.10-10 52 ,
56.3 ~ 59.7 -32,2.10-11 42 :
70,9 - 75.95 -32,2.10-12} 42 ;
65.0 130.0 - 232.7 .10 5¢ .3 ~ 59.7 ]-40,2.10-13 50
47.9 - 52.95 ~37,2.10-14 47
56.3 - 59.7 ~30,2.10-15 40
79.9 - 75 95 -26,2.10~16 36
65.0 30.0 - 32.7 10 70.9 < 75.95{-35,2.10~17 45
7.9 - 52,95 -33,2.10~-18 43
56¢.3 - 59.7 -23,2,10~-19 33
70.9 - 75.95 -20,2.10~-20 30
*Numbers following commas are figurc numbers of corresponding
photos.
1-11
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Subtest 2,

Recelver Antenna
Sweep Oscillator

Spectrum Analyzer

10.3

TABLE 1-2

Tr'usmiiter Antenns AT-912

AT-912

HP-8601A

Sigaff{icant Control Yoritlons

Position 1

Appendix 1

COSITE COUPLING LOSS, ANTENNA POSITIONS 1 AND 3

Position 3

S/N  912-00810

HP-8553B/8552A4 s/N 3339

Tranamitter | Receiver Spectrum |Coupling
Test FreqlWX2793 Band | Sweep Osc, P, MK2799 Band ) Analyzer P;] Loss
(MH=) {MU2) (éBm) (MHz) (d8Bm) (dB)
32.0 130.0 - 32.7 10 30.0 ~ 32.7 -20 30
4.9 - 52.95% -36 46
56.3 - 59.7 -65 75
70.9 - 75.9% A2 52
32.¢6 {30.0 - 32.7 10 47,9 - 52.95 ~28 58
47.9 - 52,95 43 5%
56,3 « 59.7 * -
70.9 - 75,95 -60 70
32.0 13,0 - 3..7 10 56.3 - 59.7 -58 68
47,9 ~ 52.95 ; * -
56.3 ~ 59.7 * -
0.9 - 75.95 » -
32.0 }30.0 - 32.7 10 0.9 - 75.95 ~43 53
47,9 - 52.95 * -
56.3 « 59.7 " -
70,9 - 75.95 -66 76

*Below Seasitivity.
1-12
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ESD-TR-73-016 Appendix 1
TABLE 1-2 (Continued)
Subtest 2,10.3
Transnitter Antenna AT-912 Poaftion 1
Receiver Antenna AT-912 Position 3
Sweep Oacillstor HP--8601A S/N _912-00810
Spectrum Analyzer HP-85533/8552A S/N _ 3339
Significant Control Positions
Transwitcer Receiver Spectrum |Coupling
Test FreqjMX2799 Band | Sweep Osc, P, MX2799 Band | Aralyzer P, Loss
(MHz) {MHz) (dBm) (MHz) (dBm) (dB)
43,0 ]30.0 -~ 32.7 10 30.0 - 32.7 -52 62
J647.9 - 52.95 -40 50
56,3 - 59.7 -41 51
70,9 = 75,95 -53 63
43.0 30.0 - 32.7 .10 47.9 - 52.95 -49 59
47.9 ~ 52,95 -37 47
56.3 - 59,7 -36 46
70.9 - 75.95 ~-49 99
43.0 130.0 -~ 352.7 10 56.3 - 59.7 -54 64
47,9 - 52.95 -41 9)
56.3 ~ 59.7 =40 50
70.9 - 75.95 -52 62
43,0 30,0 ~ 32,7 10 70.9 - 75,95 -62 12
47.9 - 59.7 ~49 59
56.3 - 5%.97 -48 Y
70.9 - 75,95 b4 74
1-13
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- TABLE I-2 (Continued)

Subtest 2.10,3

Tr.-smitter Antenna AT-912 Poaition 1
Receiver Antenna AT-912 ~ Position 3

Sweep Oscillator __HP-8601A ~ _ S/N _ 912-00810 _ o i -

Spectrum Analyzer  HP-8553B/8552A S/N 3339

Significant Control Positiona _ : -
Transmitter Receiver Spectrum |Coupling %
Test Freq]MX2799 Band | Sweep Osc. P, MX2799 Band |Analyzer P, Loss !
(MHz) (MHz) (dBa) (MHz) (dBa) (dB) ’
54.0 [30.0 - 32.7 10 30.0 - 32.7 » - -
47.9 - 52.95 -51 61
56,3 - 59.7 -55 65
70.9 - 75.95 -60 70
3
54,0 §30.0 - 32.7 10 47.9 - 52.95 ~46 56 .
47,9 - 52.95 -24 34 i
56.3 -~ 59.7 =27 37 :
70.9 - 75.95 ~30 40
54,0 30,0 - 32,7 10 56.3 ~ 59.7 -48 58
47.9 - 52.95 -26 36
586.3 - 59,7 -29 39
70.9 - 75.95 -32 42
54.0 |30.0 - 32.7 10 70,9 - 75,95 -57 67
47,9 - 52,95 -35 45
56.3 - 59.7 -39 49
70.9 - 75.95 ~38 48 ’
;
§

*Below sensitivity.

-
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TABLU -2 (dontinued)

Subtest 2,10,3

Transmitter Antenna AT-912 Position 1
Receiver Antsnna AT=912 Position 3
) Sweep Oscillator  HP-BGOLA S/N _ 912-00810

Spectrum Analyzer HP-8553B/8552A S/N 3339

Significant Control Positions

Trensmitrer Receiver Spectrum Couplin-;-
’ Test Freq|MX2799 Band | Sweep Osc, P, MX2799 Band | Analyzer P,| Loss
- (MHz) (MHz) (dBa) (Mlz) (dBm) (ds) 1
65.0 ]30.0 - 32.7 10 30.0 - 32.7 -58 68
47.9 - 52,95 -55 65
56.3 - 59,7 ~46 56
70.9 - 75.95 -44 S4
: 65.0 30,0 - 32,7 10 47.9 ~ 52.95 -50 60
47.9 - 52.95 -4 ) '
‘ 56.3 - 59,7 -37 47 H
¢ 70,9 -~ 75.95 ~34 44 I
{ 1
65.0 ]30.0 - 32,7 10 56.3 - 59.7 ~45 55 k
47.9 - 52.95 ~38 48
: 56.3 - 59.7 ~31 4l
: 70.9 - 75.95 -28 38
[ 65.0 ]30.0 - 32.7 10 70.9 - 75.95 -43 53 4
47,9 ~ 52.95 , -36 46 :
56.3 ~ 59.7 -28 38 1 3
¢ 70.9 ~ 75,95 -24 34 E
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TABLE I1-3
COSITE COUPLING LOSS, ANTENNA POSITIONS 1 and 4
Subt 'ut 2.10.3
Tron.mitter Antenna AT-912 __ Positton 1
Recejver Antenna ___61'912 Position 4 ) - -
Sweep Oscillator  HP-3601A S/N  912-00810
Spectrum Analyzer _HP-8553B/8552A S/N _ 3339 .
Significant Control Pomitions : E
Transmitter Receiver Spectrum |Coupling
Test Freq}MX2799 Band | Sweep Osc. P _{MX2799 Band | Analyzer P,] Loss
(MHz) (MHz) (dBam) (Miz) (dBm) (48)
32.0 30.0 - 32.7 10 30.0 - 32,7 ~10 20
47.9 - 52.95 -30 40
56.3 - 50.7 =54 64
10,9 - 75.95 -50 70
32.0 30.0 - 32.7 10 47.9 ~ 52.95 ~25 as
47.9 -~ 52.95 ~37 47
$6.3 - 59.7 * -
70.9 - 75,95 =56 66
32,0 30.0 - 32.7 10 $6.3 - 59.7 -53 63
47,9 - 52.95 * -
56.3 - 59.7 * -
7.9 - 75.95 * -
32.0 30.0 - 32.7 10 70.9 - 75.95 -31 41
47,9 - 52,95 ~4L6 56
56.3 - 59,7 " -
70,9 - 75.95 -53 63
.
’ *Below sensitivity. ‘
1
o ;
! 1-16 }
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ESD-TR-73-016
TABLE I-3 (Continued)
Subtest 2.10,3
Transmitter Antenna AT-912 Position 1
Receiver Antenna AT-912 Posicion 4
Sweep Oscillator HP-8601A S/N 912-00810
Spectrum Analyzer _ HP-8553B/8552A S/N 3339 _
Signifizant Control Positions
Transmitter Receiver Spectrum Coupling
Test Freq|MX2799 Band | Sweep Osc. P _[MX2799 Band | Analyzer Pr| Loss
(MHz) (MHz) (dBm) (MHz) (dBa) (dB)
43.0 [30.0 - 32.7 10 30.0 - 32.7 -43 53
47.9 - 52,95 =30 40
56.3 - 59.7 -30 40
70.9 - 75.95 =45 595
43.0 30.0 - 32.7 10 47.9 - 52.95 -38 48
47,9 - 52,95 -25 35
56.3 - 59.7 -26 36
70.9 - 75.95 40 50
43.¢ |30.0 - 32,7 10 56,3 -~ 59.7 -41 51
47,9 - 52,95 -29 39
56.3 - 59.7 -28 38
70.9 - 75.95 =44 54
$3.0G 30,0 - 32.7 10 70.9 - 75.95 =52 62
47.9 - 52,95 -40 50
56.3 - 59.7 -40 50
70.9 - 75.95 ~54 64
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TAsLE 1-3 (Continucd)

Subtest 2,10,3

Transmitter Antenna AT-912 _. Position _ 1
Receiver Antenna AT-912 Position 4 ]
Sweep Oacillator __ HP-8601A 5/N 912-00810

B
‘Spectrum Analyzer _ HP-8553B/8552A S/N 3339

Sighiﬂcant Control Positions

Transmitter Receiver Spactrum |Coupling : o
! Test Freq|MX2799 Band | Sweep Osc, P, |MX2799 Band | Analyzer Pgj Lous H
‘ (MHz) (MHz) (4B} (Mkiz) (d%a) (d8) = ;
54.0 130.0 - 32.7 10 30.0 ~ 22.7 * - :
47.9 - 52.95 =53 63 .
56.3 - 59,7 -54 64 :
70.9 - 75.95 -60 70 :
g
54.0 30.0 - 32.7 10 47.9 - 52.95 ~-37 7 :
47.9 - 52,95 -1%6 6 : -
56.3 - 59.7 -19 29 : ‘
0.9 - 75.95 ~26 36 ;
54.0 0.0 - 327 10 56.3 - 59.7 -40 50
47,9 ~ 52.95 ~17 21
56.% - 59.7 ' . =20 30
0.9 ~ 75.95 ~27 37
56.0 }3G.0r - 32.7 w 10.9 -~ 75.95 -43 3
47,8 ~ 32.95 -2] 31
56.3 - 89.7 -25 35
10,9 - 75.95 -~30 40
; “Below sensitivity. . :
i
!
{
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TABLLE 1-3 (Continued)

Subtest 2.10,3

Trarsmi%ter Antenna AT-912 Position _ 1
Recesver Antenna AT-912 - Position 4
Sw2ep Ogcillator HP-8601A S/N 912-00810

Specirum Analyzer _ HP-8553B/8352A S/N ___ 3339

Significant Control Positions

Transnitter Recelver Spectrum Coutiing
Test Freq|MX2799 Band | Sweep Osc. Pt MX2799 Bana | Analyzer P, Loss
(Miz) (MHz) (dBm) (MHz ) (dBm) (dB)
65.0 }30.0 -~ 32.7 10 30.0 ~ 32.7 =47 57
47.9 -~ 52.95 ~42 52
56,3 ~ 59.7 -33 43
70.9 ~ 75.95 ~30 6Q
65.0 30,0 - 32.7 10 47.9 ~ 52.95 ~47 7
47,9 - 52,95 ~41 5]
56.3 -~ 59.7 ~33 43
70.9 - 75.9% =29 39
65.0 130.0 - 32,7 10 56,3 - 59.7 ~-40 50
47.9 - 52.95 =35 45
56.3 - 59.7 -27 37
70,9 - 75.95 -24 34
€5.0 §30.0 - 32.7 10 70,9 - 75.9% -33 45
47.9 - 52.95 ~28 38
56.3 - 59.7 -21 31
70.9 - 75.95 =17 27

1-19
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TABLE 1-4 :

COSITE COUPLING LOSS, ANTENNA POSiTIONS 1 AND S

Subtest 2,10.3

Transmitter Antennas AT-912 Position 1
Receiver Antenna AS-2169/G Position 5
Sweep Oacillator HP-8601A SIN 912-00810
Spectrum Analyzer HP-B8553B/B552A §/N 3339
Significant Control Positions
Transmitter Receiver Spectrum |[Coupling
Test Freq|MX2799 Band | Sweep Osc. P, MX2799 Band | Analyzer P, Loss
(MHz) (MHz) (dBa) (Mz) (dBm) (dB)
32.0 }36.0 - 32.7 10 N/A =32 42 . .
47.9 - 52,95 -43 53 .-
56.3 - 59.7 * - - !
70.9 - 75.95 -42 52 ;
H
A : 43.0 |30.0 - 32.7 10 N/A -S54 64 L
47.9 - 52,95 -50 60 l‘
: 56.3 - 59.7 ~4& 54 !
70.9 -~ 75,95 -54 64 !
;-
54,0 |30.0 - 32.7 10 N/A -62 72 :
47.9 - 52.95 -49 59 ;
56.3 - 59.7 ~54 64 : ;
70,9 - 75.95 =41 S1 ! 3
65.0 [30.0 - 32.7 10 N/A -5 63 i
47.9 - 52.95 -50 60 ! A
56.3 - 59.7 -39 g : 3
70.9 - 75.95 ~36 46 : 3
i
‘. 4
i
i 4

*Below sensitivity. : :
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TABLE I-5

Appendix 1

COSITE COUPLING LOSS, ANTENNA POSITIONS 1 AND 6

Subtegt 2

Tragwmitter Antenna AT-$12

0.3

e —

Position _ 1

Receiver Antenna _ A3-2169/G Position 6
Sweep Oscillator HP-8601A S/N ?12-00810
Spectrum Analyzer HP-8553B/B552A s§/N 3339
Significant Controcl Posi{tions _
Transmitter Receiver Spectrum [Coupling
Test Freq|MX2799 Band | Sweep Osc. P_|MX2799 Band | Analyzer P,| Loss
(MHz ) (MHz) (dBm) (Mdz) (dBm) (dB)
32.0 }30.0 - 32.7 10 N/A -28 38
47,9 - 52.95 -~30 40
56.3 - 59.7 -60 70
70.9 - 75.95 ~42 52
43,0 |30.0 - 32.7 10 N/A =50 0
47.9 -~ 52,95 =35 45
56.3 - 59.7 --32 42
70.9 - 75.95 -37 47
54.0 }30.0 - 132.7 10 N/A =57 67
47,9 - 52.95 : -32 42
56.3 - 59.7 -39 44
70.9 ~ 75,95 =32 42
5.0 J30.0 - 32.7 10 N/A -3 #7
47,9 - 52.95 =37 47
56.3 - 59.7 -28 I8
70.9 - 75.95 -28 38
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ESD-TR-73-0106 _ Appendix 1

TABLE 1-6

COSITE COUPLING LOSS, ANTENNA POSITIONS 2 AND 3 ;

3

E

Fi

Subtest 2.10,3 %
Transmitter Antenna _AT-912 . Position 2 %
Receiver Antenna AT-912 Position 3 ’ ,é
=

Sweep Oscillator _ HP-8601A S/N __912-00810 ?

Spectrum Analyzer HP-8553B/8552A S/N 3339

-
¥
1
-3

Significant Control Positions

[

) Transmitter i Recelver Spectrum |Coupling .

Test Fre3jMX2799 Band | Sweep Osc. P |MX2799 Band | Analyzer P,| Loss : 5
(MHz) (MHz) (dBm) (MHz) (dBm) (dB) : :
32.0 {30.0 - 32.7 10 30.0 - 32.7 -18 28 :' -

47.8 - 52.95 —43 s3 <
56.3 - 59,7 -65 75
70.9 - 75.95 -36 46
32.C 130.0 - 32.7 10 671.9 - 52.95 -30 40
47.9 -~ 52.95 -60 70
56.3 -~ 59,7 * -
76.9 -~ 75.95 =55 65
32.0 |30.0 - 32.7 10 56.3 - 59.7 -60 70
47.9 -~ 52,95 * -
56,3 ~ 59.7 * -
70.9 ~ 75.95 * -
32.0 [30.0 - 32.7 10 70.9 - 75.95 ~41
47.9 ~ 52,95 ~55 65
56.3 ~ 59.7 * -
70.9 ~ 75,95 =56 66
.

ety e

*Below sensitivity.
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™
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TABLE 1-6 (Continued)

Subtest 2.10.3 E
" Transmpitter Antenna AT-512 Position 2 §
Receiver Antenna AT-912 Position . 3 ?
Sweep Oscillator HP-8601A S/N 912-00810 z
Spectrum Analyzer HP-8553B/8552A4 S/N 3339 ;
Significant Control Positions §

4
Transmitter Receiver Spectrum |Coupling ;
Test Freq]MX2799 Band | Sweep Jsc. P_|MX2799 Band | Analyzer P,| loss ;
(MHz) (MHz) {4Bm) (MHz) (dBm) (dB)
¥
43,0 [30.0 - 32.7 10 30.0 - 32.7 -43 53 :
47.9 - 52.95 -36 46
56.3 - 59.7 -32 42 i
70.9 - 75,95 -50 60 i
43.0 |30.0 - 32.7 10 47.9 - 52.95) -39 49
47.9 - 52,95 -35 45 ]
5€.3 - 59.7 -30 40 H
70.9 - 75.95 -47 57 E
1
43,0 |30.0 - 32.7 10 56,3 ~ 59.7 -41 51
47.9 - 52.95 . ~-36 46
56.3 - 59.7 -32 42 i
70,9 - 75.95 -47 57 B
43.0 {30.0 - 32.7 10 70,9 - 75.95 -52 62 i
47.9 - 52.95 -46 56 A
56.3 - 59,7 -45 55 K}
70.9 - 75.95 -58 68
3 =
i E:
3
P
E g
3 1

0 e 2ol 5% il i o ot WD L

1-23

T




ey m——————— e« e e A AR T 2, - e B e

ESD-TR-73-016 Appendix 1

TABLE 1-6 (Continucd)

Subtest 2,10,3

Tran mitter Antenna AT-912 Position 2 .
Receiver Antenna AT-912 Position 3
Sweep Oscillator HP-8601A S/N 912-00810 -

Spectcum Analyzer  HP-8553B/8552A S/N 3339 R

Significant Control Positions . . -

o gt il it

Transmitter Recefver Spectrum Coupliny,-

Test Freq]MX2799 Band | Sweep Osc, P, MX2799 Band |Analyzer P, Loss

(MHz) (MHz) {d8m) (MHz) (dBm) (d%)
$4.0 |30.0 - 32.7 10 30.0 - 32.7 -67 77 3
47.9 -~ 52.85 L) 55 %
56.3 - 59.7 -50 60 %
70.9 - 75.95 -55 65 3
=1
54.0 30.0 - 32.7 10 47.9 - 52,95 ~44 54 E
L7, - 52.95 -i7 27 3
56.3 - 59.7 ~22 32 :
70.9 - 75.95 =23 33 b
9.0 [30.0 - 32.7 10 56.3 - 59.7 -47 57 1
47.9 - 52,95 : -18 28 ]
56.3 - 59.7 -23 33 ;

70.9 - 75.95 -25 35
56,0 |30.0 -~ 32.7 10 70.9 ~ 75.95 -5¢ 65 E
47.9 - 52.95 -6 36 1
56.3 ~ 59.7 -30 40 2
70.9 - 75.95 =30 40 E
: 3
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LSD-TR-73-016 Appendix 1

TABLE 1-06 (Continued}

Subteat 2.10.3

bl G Sl e o S bt s ST S B0 [ & e 3, Lo o

Trunymitter Antenna AT-G12 fosition 2
Receiver Antenna AT-912 Position 3
Sweep Oscillator HP-8601A S/N 912-00810
Spectrum Analyzer X0-8553B/8B552A S/N 3339
) Significant Control Positions %
Transmitter Receiver Spectrum Coupling g
Teut Freq|MX2799 Band | Sweep Osc, P[ MKX2799 Band | Analyzer P, Loss :
(Miz) (MHz) (dBm) (MHz) (dBm) (dB) .
65.0 {10.0 - 32.7 10 30.0 -~ 32.7 -33 43 %
47,9 - 52,95 =50 60 ;
56.3 - 59.7 ~45 59 )
70.9 - 75.95 -4l 51
65.0 30,0 - 32,7 10 47.9 ~ 52,95 ~48 58
47.9 - 52.95 -4z $2
56.3 - 59.7 -4 44
70,9 - 75.9% ~31 41
65.0 130.0 - 32,7 10 56.3 - 59.7 -43 53 H
47,9 - 52,95 =35 45 %
56.3 - 59.7 ~27 37 -
70.9 -~ 75.95 ~-24 34 f
3
65.0 30,0 - 32,7 10 70,9 ~ 75,45 -38 48 @
47.9 - 52,95 -32 42 4
56.3 - 59.7 -25 35 .
70.% - 75,95 ~22 32
4
. J 3

g

e
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ESD-TR-73-016 Appendin 1

TABLE 1-7

COSITE COUPLING 50OSS, ANTENNA POS!TIONS 2 AND 4

Suktast 2,10.3

Transmitter Antenna AT-912 _ Posttion 2
Receiver Antenia AT-9112 Position 4
Sweep Oscillator ___ HP-8601A S/N 912-00810

Specirum Analyzer HP-8553B/8552A S/N 3339

Significant Control Positions

Tranamitter Receiver Spactrum |[Coupling
Test Freq|MX2799 Band | Sweep Osc, P _{MX2799 Band | Analyzer P,} Losa
(Miz) (MHz) {dBm) (MHz) (dBa) (dB)
32.0 130.0 - 32.7 10 30,0 - 52,7 ~16 26
7.9 ~ 52.95 -40 50
56.3 - 59.7 -62 72
70,9 - 75.95 =37 47
32.0 130.0 - 32,7 10 47.9 ~ 52.95 -36 46
47.9 - 52,95 -56 606
56.3 - 59.7 * -
70.9 - 75,95 -58 68
32.0 |30.0 - 32.7 10 56.3 - 99,7 =60 70
47.9 - 52,95 * -
36.3 -~ 59.7 * -
70.9 ~ 75,95 * -
32,0 30.0 - 32,7 10 70.9 -~ 75,95 -39 45
47,9 ~ 52.95 -56 66
56.3 - 55.7 * ~
70.9 - 75.95 ~52 62
i
[ § 3
i H

*Below sensitivity.
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Subrest 2.
Transmitter Antenna
Receiver Antenna

Sweep Oscillator

10.3

TABLE 1-7 (Continucd)

AT-912

AT-912

HP-8601A

Pusition

2

Appendix I

Position

[

S/N 912-00810

Spectrum Analyzer HP-8553B/8552A S/N 3339

Significant Control Positions

Transmitcer Receiver Spectrum Coupling
Test Freq|MX2799 Band | Sweep Osc. P |MX2799 Band | Analyzer Py| Loss
(MHz) (MHz) (dBa) (MHz) (dBm) {dB)
43,0 ]30.0 - 32.7 10 30,0 - 32,7 -53 63
47.9 - 52.95 ~45 55
56,3 - 59.7 ~43 53
70.9 - 75.95 -63 73
43.0 30.0 - 32.7 10 47.9 - 52.95 ~47 57
47,9 - 52.95 -40 50
56,3 ~ 59.7 -35 46
10.9 - 75.95 -55 65
43.0 ]30.0 - 32.7 10 56.3 -46 56
47.9 ~ 52.95 =40 50
56.3 - 59.7 -36 46
70.9 ~ 75.95 -52 62
43.0 |30.0 - 32.7 10 70.9 -~ 75.95 -58 68
47.9 - 52.95% ~53 63
56,3 -« 59,7 ~-48 58
719.9 = 75.95 -64 764
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ESD-TR-73-010

Subtest 2.10,3

TABRLE 1-7 (Continued)

Travsmitter Antenna A1-912

Position 2

Appendix 1

Receiver Antenna AT~912 Position [
Sweep Oscillator HP-B6G1A S/N 912-00810
Spectrum Analyzer HP-8553B/8552A S/N 3339
Significant Control Positions
iransmitrer Recelver Spectrum |Coupling
Test Freq|MX2799 Band | Sweep Osc. P [MX2799 Band | Analyzer Pyl Loss
(MHz) (MHz) (dBm) (MHz) (dBm) (dB)
54,0 |30.0 - 32.7 10 30.0 - 32,7 » -
47.9 - 52,95 -53 63
$6.3 - 59.7 -57 67
70.9 - 75.95 -58 68
54,0 30.0 - 32.7 10 47.9 - 52.95 -52 62
47.9 - 52.95 -23 33
$6.3 - 59.7 -25 36
70.9 - 75.95 -28 34
54.0 30.0 - 32.7 10 56.3 ~ 59.7 ~55 65
47,9 - 52.95 -25 35
56.3 - 59.7 -30 40
70.9 - 75.95 ~32 42
54,0 30,0 - 32,7 10 70.9 - 75.95 -55 65
47,9 - 52,95 ~-28 38
56.3 -~ 59.7 -33 43
70.9 - 75.95 -35 45

*Below sensitivity.
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ESD-TR-73-016 Appendix 1 i
TABLE I-7 (Continued) ;
:
Subtest 2.10.3 :
Trangmitter Antenna AT-912 Position 2
Feceiver Antenna AT-312 Position 4
Sweep Oscillator __ HP-86Q14 _ S/N 912-QG510
Spectrum Analyzer _ HP-8553B/8552A4 S/N 3319 .
Significant Control Positions g
Trangmicter Peceiver Speectrum  {Coupling
Test Freq]MX2799 Band | Sweep Osc, Pt MX2799 Band | Analyzer P, Loss
(MHz) (MHz) (dBm) (MHz) (dBm) (48)
65.0 30.0 - 32.7 10 30.0 - 32.7 =55 65
47.9 - 52.95 -47 57
56.3 - 59.7 -39 49 4
70.9 -~ 75.95 -36 46 1
2
65.v 30.0 -~ 32.7 10 47.9 - 52,95 -50 60 i
47,9 - 52,95 b4 5S4 H
56.3 - 59.7 -35 45
70.9 - 75.95 -34 44 i
65.0 ]30.0 - 32.7 10 56.3 - 59.7 ~48 58 H
47.9 - 52.95 -46 5 A
56.3 - 59.7 -27 37
70.9 - 75.95 -25 35 H (
65.0 30.0 ~ 32.7 10 70.9 - 75.95 -39 49 i 1
47.9 - 52,95 -3 W3 z
56.3 - 59,7 ~26 30 2
70.9 - 75.95 -22 32 3
i
3 y
4
4
H
]
94
]‘;
3
k]
1-24 '
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ESD-TR-73-016 Appendix I

TABLE I1-8

COSITE COUPLING LOSS, ANTENNA POSITIONS 2 AND 5

Subtest 2,.10.3
Transmitter Antenna 527912 Position 2
Receiver Antenna __ AS-2169/G Position 5
Sweep Oscillator HP18601A S/N 912-00810
Spectrum Analyzer HP-8553B/8552A S/N 3339
B o i
Significant Control Fositions
Transmitter Receiver Spectrum [Coupling i
Tes: Freq|MX2799 Band | Sweep Osc, P MX2799 Band | Analyzer P,| Loss :
(MHz) (MHz) (dBnm) (MMz) (dBm) (dB) :
32,0 30.0 - 32,7 10 N/A ~36 46
47,9 - 52.95 -38 48 i
56.3 - 59,7 -62 72 H ,
70,9 - 75.95 =44 54 ;
43.0 ]30.0 - 32.7 10 N/A ~42 52 3
47,9 ~ 52.95 -36 46 i
56.3 - 59,7 -30 40 5
70,9 - 75.95 ~45 55 3
E]
s4.0 [30.0 - 37 7 10 N/A -S4 64 z
47.9 « 52.95 : -27 37 : 1
56.3 - 59,7 ~34 44 : ;
70.9 - 75.95 ~38 48 H -3
i
65.0 ]30.0 - 32.7 10 N/A ~53 63 : i
47.9 - 52.95 -40 50
56.3 - 39.7 -~3i 41
70.9 - 75.95 =31 41
{
i




ESD-TR-73-016 Appendix 1

TABLE 1-9
COSITE COUPLING LOSS, ANTENNA POSITIONS 2 AND 6

Subtest 2.10.3

WA - (BT MY YN [ T O R

Trarsmitter Antenna AiI-912 Position 2
Recei{ver Antenna AS~2169/G Position 6
Sweep Oscillator HP-8601A S/N 912-00810
X
Spectrum Analyzer HP-8553B/8552A S/N 3339
¢ :
§ Significant Control Positions
.
Transmitter ) Recelver Spectrum |Coupling
F Test Freq]MX2799 Band | Sweep Osc, P, MX2799 Band | Analyzer P,] Loss
4 (Miz) (MH2) (dBm) (Mrz) (dBm) (dB)
32.0 30.0 - 32.7 10 N/A ~55 65
47.9 - 52.95 ’ ~35 45
' 56.3 - 59.7 -60 70
{ 70.9 - 75.9% -44 54 !
: i
i 43.0 ]30.0 - 32.7 10 N/ -45 55 :
: 47.9 - 52.95 -50 6 :
56.3 - 59.7 =45 59 :
70.9 - 75.95 =46 50 E
54.0  ]30.0 - 32.7 10 N/A * - 4
47.9 - 52.95 -35 4% :
56.3 - 59,7 ~38 48
70.9 - 75.95 -3y 49 3
] 65.0 {30.0 - 32.7 10 N/A -60 70 1
3 47.9 - 572.95 ~48 58 %
3 56.3 - 59.7 -4} 51 3 3
1 70.9 - 75,95 -36 46 E 1
E :
] 7
i
]
. :
3 B
S i i
E y . ?
E
@ *Below scnsitivity. ;
]
: 1-31 :
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ESD-TR-73-016 . Appendix T

TABLE I-10

COSITE COUPLING LOSS, ANTENNA POSITIONS 3 AND 4

Subtest 2.10.3

Transmitter Antenna _AT-912 Position 3

Receiver Antenns AT-912 Pcattion 4 R -

Sweep Oscillator HP-~-B601A S/N 912-00810
Spectrum Analyzer HE-8553B/B5SS52A S/¥ 3329 -

Significant Control Positions

Transmitter Receiver Spectrum |Coupling
Test FreqlMX2799 Band | Sweep Usc. P |MX2799 Band | Analyzer Py) Loss
(MHz) (MHz) (dBm) (MHz) (dBm) (dB) j
32.0 [30.0 - 32.7 10 30.0 -~ 32.7 -3 13 3
47.9 - 52.95 ~38 48 ?
56,3 - 59.7 -40 50 4
70.9 -~ 75.95 -22 32 3
32.0 }30.0 - 32.7 10 47.9 « 52.95 -40 50 i
47.9 - 52,95 -32 42 1
56.3 ~ 59.7 * - 1
70.9 ~ 75.95 -50 60 b
32.0 {30.0 - 32.7 10 56.3 - 59.7 -52 62 ;
47.9 - 52.95 -60 70
56.3 - 59.7 * -
70.9 - 75.95 " - ;
32.0  30.0 - 32.7 10 74,9 - 75.95 -20 30 :
47,9 < 52,95 -46 56
56.3 - 59.7 # -
70,9 - 75.95 -36 46 .




ESD-TR-73-016 Appendix T

TABLLE 1-10 (Continued) %
Subtest 2,10,3 ;
Transmitter Antenna AT-912 Position 3 %
Receiver Antenna AT-912 Position 4 %
3
- Sweep Osctllator HP-8601A S/N 912-00810
Spectrum Analyzer _ HP-8553B/8552A S/N 3339 3
" Significant Control Positiona 3
E

Transmitter Recelver Spectrum [Couplirg

Test Freq]MX2799 Band | Sweep Osc, P_{MX2799 Band 'Analyzer P;| Lous

(Miiz) (MHz) (dBm) (MHz) (dBm) (48) )
43.0 |30.0 - 32.7 10 30.0 - 32.7 -23 33 j
47.9 - 52.95 =20 30 %
56.3 - 59.7 -25 35 b
70,9 - 75.95 -40 50 :
43.0 [30.0 - 32.7 10 47.9 - 52.95|  -20 30 {
47.9 - 52.95 -18 28
56.3 - 59.7 -22 32 b
70.9 - 75.95 -35 45
i
43.0 30.0 - 32.7 10 56.3 - 59.7 -24 34 %
47.9 - 52,95 -22 32 i
56.3 - 59.7 -24 34 3
70.9 - 75.95 ~35 45 :
43.0 30.0 - 32.7 10 70.9 ~ 75.95 -40 50 3
47.9 - 52,95 =35 45 4
56.3 - 59.7 -37 47
70.9 -~ 75.95 -46 56 i
;
q
%
Z
3
g
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ESD-TR-73-0106 Appendix 1
TABLE 1-10 (Continued) 5
%
Subtest 2,10.3 j!
Transmitter Antenna AT-912 Position 3 g
b
Receiver Antenna AT-912 Position ___ 4 _ §
Sweep Oscillator HP-B601A S/N 912-00810 %;
E
Spectrum Analyzer _ HP-8553B/8552A S/N 3339 =
Significant Control Positions _ . 7
Transmitter Receiver Spsctrum |[Coupling X
Teat Freq]MX2799 Band | Sweep Osc. P, MX2799 Band JAnalyzer Py| Loss
(MHz) (MHz) (dBm) (MHe) (dBm) (dB) :
54.0 ]30.0 - 32.7 10 30.0 - 32.7 -62 72 : E
47.9 - 52,95 -38 48 2
56,3 - 59.7 . -42 52 3
70.9 ~ 75.95 -42 52 %
54.0 [30.0 - 32.7 10 61,9 - 52.95] -2 52
47.9 - 52.95 -4 14 :
56.3 - 59.7 -6 16
70.9 - 75,95 -9 19 i
s4.0 130.0 - 32,7 10 56.3 - 59.7 -48 58
47.9 - 52.95 -6 16 B
56.3 - 59.7 -7 17
70,9 - 75.95 -12 22
4.0 30.0 - 32,7 10 70.9 - 75.95 -43 53
- 147.9 - 52.95 -9 19
56.3 -~ 39.7 ~11 21
70.9 - 75.95 -14 24
T
}
i

[
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TABLE I-10 (Continued)

Subrest 2,10,3

Transmitter Antenna AT-912 Position 3
Receiver Antenna AT=-912 Position __ 4 ;
‘Sweep Oscillator HP-8601A S/N ___812-00810 :

Spectrum Analyzer HP-B8553B/8552A S/N 3339

Significant Control Positions

Transmitter Receiver Spectrum |Coupling
Test Freq|MX2799 Band | Sweep Osc, P IMN2799 Band | Analyzer Py| Loss
(MHz) (MHz) (dBm) (Miz) (dBm) (dB) :
65.0 30,0 - 32.7 16 30.0 - 32.7 =43 €3 ?
47.9 - 52.95 -43 53 :

$6.3 - 59.7 -33 43

70.9 - 75.95 -21 31

65.0 30.0 ~ 32.7 10 47.9 - 52.95 =47 57

47.9 - 52.95 -32 42

56.3 ~ 59.7 ~25 35

70.9 - 75.95 =22 32

65.0 30.0 - 32.7 10 56.3 - 59.7 -37 47
47.9 - 52,95 -23 33 _
56.3 - 59.7 ~-16 26
70.9 ~ 75.95 -13 23 :
65.0 30.0 - 32.7 10 70.9 - 75.95 -29 39 -
47,9 - 52.95 -20 30 :
56.3 - 59.7 -14 24 i
70.9 -~ 75.95 -6 16 .
é
4;

-
1
1-35
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ESD-TR-73-016 Appendix 1 3
3
E
3
TABLY 1-11 i
COSLTE COUPLING LOSS, ANTENNA POSUTIONS 3 AND S
Subtest 2,10.3 ’
Transmitier Antenna AT-912 Position 3 = =
Receiver Antenna AS-2169/C Poaition 5 - é
Sweep Oscillator HP-8601A S/N 312-00810 ,z
Spectrum Analyzer _ HP-8553B/8552A S/N 3333 - ‘g
Significant Control Pesitions :
Transmitter Recelver Spectrum |Coupling :
Test FreqMX2799 Band ) Sweep Osc. P MX2799 Band | Analyzer P,}] Loss
(MHz) (MHz) (dBm) (MHz) (dBa) (dB) !
32.0 }30.0 - 32.7 10 N/A -20 30 :
47.9 - 52,95 =34 44
56.3 - 59.7 =57 67
70.9 - 75.95 -20 40
43.0 30.0 - 32.7 10 N/A ~-34 44
47.9 - 52,95 -50 60
56.3 - 59.7 ~43 53
70.9 - 75.95 -40 50
54.0 130.0 - 32.7 10 N/A -46 56
47.9 - 52.95 =40 50
56.3 -~ 59.7 -40 50
70,9 - 75.95 -34 44
65.0 130.0 - 32,7 10 N/A ~53 63
47,9 - 52.95 ~64 74
56,3 - 59.7 ~52 62
70,9 - 75.95 =33
3
' I-36
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ESD-TR-73-016 Appendix 1 3
E
E
TABLE I-12
COSITE COUPLING LOSS, ANTENNA POSITIONS 3 AND 6 %’l;
|
Subtesc 2,10.3 2 4
3 3
Transmitter Antcnna AT-912 Position 3 3 g
4
Recelver Antenna __ AS-=2169/G Position 6 1 ’%
Sweep Oscillator  HP-8601A S/N _ 912-00810 3
Spectrum Analyzer HP-8553B/8552A S/N 3339 é
Significant Control Positions i’%
Transmitter Receilver Spectrum |Coupling 3
Test Freq|MX2799 Band | Sweep Osc. P, MX2799 Band | Analyzer P.| Loss K
(MHz) (MHz) (dBm) (Mhz) (dBa) (dB)
: E
32.0 30.0 - 232.7 10 N/A ~43 53 3 3
47.9 - 52.95 -54 64 3 E
56.3 - 59,7 * - ! 3
70,9 -~ 75.95 ~-53 63 3
43.0 {30.0 - 32.7 19 N/A -56 66
47.9 - 52,95 -48 ) -
56.3 - 59.7 ~55 65 i g
70.9 - 75,95 -60 70 ‘
54,0 30.0 ~ 32.7 10 N/A * -
47,9 - 52.95 =36 4%
56.3 - 59.7 -39 49
70.9 - 75.95 -45 53
65.0 [30.0 - 32,7 10 N/A » - .
47.9 - 52,95 -51 61 i ’
56.3 - 59.7 ~44 54 :
70.9 ~ 75,95 -38 48 B
i
§
%
' i
¥
*Below scnsitivity.
¥
1‘3/ ,:!
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ESh-TR-73~010 7 Appendix 1

TABLE 1-153

COSITE COUPLING LOSS, ANTENNA POSITIONS 4 AND 5

Subtest 2.10.3

Tranumitter Antenna AT-912 Position 4 L
Receiver Antenna AS-2169/6 Position 5
Sweep Oscillator HP~8601A SIN 912-00810

Spectrun Analyzer  HP-8553B/8552A S/N 3339

Significant Control Postiticons

Transmitter Receiver Spectrum Coupling
Test Freg|MX2799 Band | Sweep Osc. P, [¥X2799 Band | Analyzer Py Loss
(MHz) (MHz) (dBm) (MHz) (dBm) (dB)
32.0 30.0 - 32,7 10 N/A ~-18 28
47.9 - 52,95 -42 52
6.3 - 59.7 * -
70.9 -~ 75.95 -32 42
43.0 30.0 - 32.7 16 NiA -35 4n
47.9 - 52.95 -39 49
56.3 - 39,7 -36 4%
70.9 - 75.95 ~b4i 57
54,0 0.0 - 32.7 10 N/A =50 60
I 47.9 - 52.95 ~29 30
36.3 ~ 99,7 =34 an
70.9 - 75.95 -30 4y
65.0 30.0 - 32,7 109 N/A -48 5
47.9 ~ 52.95 -43 5
56,3 - 59.7 =33 43
70.9 -~ 75,95 -h2 52
3
3
4
:s
C
: ]
. 4 T ]
*Below sensitivity, %
L
1-3% i
'j
4
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ESD-TR-73-016 Appendix 1

TABLE I-14
COSITE COUPLING LOSS, ANTENNA POSITIONS 4 AND 6

Subte-t 2.10.3

T B KA R e T g N0, i

Trauimitter Anteana AT-912 Position 4 :
Recelver Antenna AS-2169/G Position 6 %
Sweep Oscillator HP-B6Q1A S/N 912-00810 ’ §
Spectrum Analyzer _ HP-8553B/B552A S/N 33139
Significant Contrcl Positions :
Transmitter Receiver Spectrum |Coupling :
Test Freq|MX2799 Band | Sweep Osc, P, MX2799 Band | Analyzer P,| Loss ¢
(MHz) (MHz) (dBm) (MHz) (dBm) (dB) é
32,0 {30.0 ~ 32.7 10 N/A -32 42
47.9 - 52.95 -54 64
56.3 ~ 59.7 * _
76.9 - 75,95 ~46 56
43.0 30.0 - 32.7 10 N/A -45 55
47.9 - 52.99 —4h 54
56.3 - 59.7 -48 58 ,
70.9 - 75.95 ~64 74 .
54.0 ]30.0 - 32,7 10 N/A * -
%7.9 - 52,95 : -39 49
56.3 - 59.7 ~45 55
76,9 - 75,94 ~43 53
65.0 30,0 - 32,7 10 N/A -62 72
47.9 - 52.99 ~58 68
56,3 - 59.7 ~35 5
70.9 -« 75.%5 -45 55
1
i 3
1 ki
K

1-59

S AR 0 52 a5 bl e i
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TABLL T-15
COSITE COUPLING LOSsS, ANTENNA POSTTIONS 5 AND © ‘l -
s {
Subtest 2.10.3 i 1
Transmitter Antenna AS5-2169/G ~  Positfon ___ 5
Receiver Antenna _ AS-2169/G osition 6 _ N
Sweep Oscillator __ HP-B&G1A S/N __912-00810
Spectrum Analyzer _ HP-8553B/B55ZA S/N _ 3339 -
Significant Control Positions
Transmitter Receliver Spectrum Coupling
Test Freq|MX2799 Band | Sweep Osc, P, MX2799 Band | Analyzer Py Loss :
l__'(H]-lr.) (MHz) (dBm) (MHz) (dBm} (dB)
32,4 N/a 10 N/A -26 36
1
43.0 ~37 4l :
54.0 ~42 52 |
65.0 ~54 64
{ 3
) k'
: i
H ¥
3 B4
1-40

" i

S e 1 it

)
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3 ¢ ESD-TR-73-016 Appendix 1 3
4 ( TABLE 1-10
3 i L ~ 1
i ( OPERATIONAL SUBTLST FREQUENCY COMBINATIONS 3
) !
3 o
] - N ;- Subtest 2.9
@ T combin f.cenna No., Equipment, and Frequency (MRz)
i ztion 1 2 3 4 5 6
E No. PRC-25 | PRC-77 | VRC-12 | VKC~12|VRC-12 MuX | VRC-12 :fUX s
I 1'50.40 1§ 36.10 | 32.40% | 71.70 | 41.40 53.90
11 | 51.90 49.80 | 32,40 73,50 36.10 71.40 i
A : 111 | 32.40 46.90 36. 10 68.50 41.40 59.40 j
Y. IV 169.10 49.70 38.50% | S9.10 32.40% 54.10 3
V | 32.40% | 46.30 | 38.50 74.90 56.80 53.90 3
VI [ 50,40 74.30 36.90 | 49.70 32.40% 41.50
VII ) 50.10 73.10 34.10 75.50 | 41.40 68.20
VIIT | 71.690 41.20 30.40% | 66.10 50.10 55.85
IX | 34,60 | 69.20 32.40% | 75.70 50.80 57.30 F
3 X | 46.60 1 59.50 30.40% | 75.70 34,30% 57.30
. X 53.60 57.70 32.40 71.60 | 41.40 69.20 i
! XIT | 32.40 38.90 46.90 71.60 58.60 69.9G
i X111 | 38,80 57.50 34.3G 71.00 46.90 49.70 ;
‘ X1V | 52.30 40.30 36.10 75.70 32.50 72.20 ¢ 3
XV 153,70 53,10 30.40% | 75.20 72.30 75.80 !
XVI | 53.70 51.50 40.30 75.80 57.50 41.80
XVIT | 34,90 | 75.70 | 46.90 | 69.80 | 52.65 75.80 ¢
XVILI } 75,80 57.10 57.90 36.20 | 68.60 72.40 ;
X1x 1 32.90 34.10 40.20 73.70 S4. 0% 41.90 -
X 150.50% | 32,50  36.90 | 72.10 | 66.35 69.00
XXI | 32.40 46,90 35.40 | 68.70 57.25*% 75.80
; XXIL | 54,10 75.70 34.60 71.50 57.75 41.20
XXIIL | 34.30- [ 36.10 | 40.10 50.20 74.40 75.20 L
XXIV | 49.70. | 38.2% 51.15 72.75 69.20 70.40 o3
g XXV 1 69.10- | 57.55 30.40% | 73.20 34,95 72.30 ‘ :
!
i
!
é
1 i
] 4
3
. - ;
1
;. \
{ *Frequency unusable because of outside interference. %
’,§j
I-41 -
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TABLE

OPERATIONAL SUBTEST,

Subtest 2.9.3

1-17

Appendix |1

{(S+1+N}/(1+N), ~1uS dBm

Deaired Signal Level = -i05 dBm

Freq S+N S+I+N Test Receiver Location and
Cotb N 1+N Interferer Power Level (Watts)
No. (dB) (dB) 1 2 3 4 5 6
I-1 14 2 R 2.2 62 74 64 32
1-2 16 2 1.7 R 62 74 64 32
*1~3 R
1-4 16 2 1.7 2.2 62 R 64 32
1-5(1) 7 5 1.9 | 2.4 | 62 70 R 30
1-5(4) 8 5 1.9 2.4 62 70 R 30
1-6(1) 12 9 1.9 2.4 62 70 60 R
1-6(4) 16 13 2.0 2.3 64 68 62 R
11-1 14 2 R 2.1 65 43 57 32
11-2 21 2 2,0 R 65 413 57 32
11-3 10 1 2.0 2.1 R 43 51 33
I1-4 18 X2 2.0 2.1 65 R 57 37
11-5(1) & 6 2.0 2.1 65 413 R 32
11-5(4) k] 7 2.0 | 2.1 65 41 R 12
11-6(1) 14 1 2.0 2.1 65 473 51 R
11-6(4) 13 1 2.0 2.1 65 hl 51 R
II1-1 16 2 R 2.2 65 55 67 59
11I-2 20 10 1.7 |4 57 535 60 48
II1-3 16 2 1.7 2.2 R 55 60 48
I11-4 16 2 1.7 2.2 57 R 60 48
I11-5(1) 13 6 1.6 2.3 62 57 R 57
111-5(4) 12 7 1.6 2.3 82 57 R 52
111-6(1) 11 9 1.5 2.2 65 S5 62 X
I11-6(4) 12 30 1.5 2.2 65 55 62 K
v~ 16 2 R 1.7 65 42 53 33
1v-2 22 2 1.5 R 65 Ly 53 37
*JV--3 R
V-4 18 6 1.5 1.7 65 R 53 kK|
*IV-5(1) R
*IV-5(4) R
Iv-6(1) 10 8 1.5 1.7 65 42 53 F
IV-6(4) 10 8 1.5 1.7 65 42 53 R
V-1 R
v-2 19 7 1.6 R 65 [ 48 | 36

*No test becausc of interference from outside source.
[t - receiver connected to antenna indicated by column number.

Note:

.-
T

Numbers in parertheses are channcl numbers,
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ESD-TR- 73-016 Appendix 1

TABLE I-i7 (Continued)

L v Sob A I O o, SR S W 1 D

Subtest 2.9.3 Desired Signal lLevel = -105 dBm
Freq SN S+I+N Test Rece’ - Location and
Comb. N I+N lnterfere- or Level (Watts)
No. (dB) (dB) 1 2 4 5 6
V-3 15 2 1.6 2.3 R 44 48 36
V-4 16 3 1.6 2.3 65 R 48 36
v-5(1) 16 14 1.6 2.3 65 1A R 36
: V-5(4) 17 15 1.6 2.3 65 44 R 36 z
v-6(1) 9 4 1.6 2.3 65 L 48 R -
V-6(4) 10 6 1.6 | 2.3} 65 44 48 R E
vI-1 14 2 R 1.3 50 72 50 43 3
V1-2 19 14 1.6 R 50 72 56 43 H
Vi3 16 5 1.6 1.3 R 72 50 43 2
VI-4 18 2 1.6 1.3 50 R 50 43 b
*VI-5(1) R :
wVI-5(4) K ‘
VI-6(1) 8 1.6 i3 50 72 50 R 3 :
VI-6(4) 8 1.6 1.3 50 72 50 R ! :
E 4
VII-1 7 2 R 1.4 60 2 58 27 K j
vII-2 71 2 2.2 R 60 32 58 7 : |
viI-3 i9 0 1.7 1.7 R 47 b 14 i
VII-4 16 ) 1.7 1.7 64 R 64 14 : i
VII-5(1) 11 0 1.7 1.7 64 47 R 34 i
VII-5(4) 32 0 1.7 1.7 64 47 R 34 ]
VII-6(1) 8 ? 1.7 1.7 64 471 64 R ;
VII-6(4) 10 2 1.7 1.7 64 47 64 R
*VII11-1 17 2 R 2.1 46 68 59 38 : i
VIII-2 21 2 1.3 R 46 68 59 38 ’ :
*YIT1-3 R E E
VILI-4 16 5 1.3 2.1 L6 R 59 38 i :
VIII-5(1} 11 10 1.2 2.2 52 92 R 34
VI1-5(4) 11 10 1.2 2.2 52 92 R 34
VITTI-6(1) 18 9 1.3 2.1 46 68 59 K -
VITI~6(4) 19 12 1.3 2.1 46 ol 59 K
1x%-1 19 2 R 1.5 56 50 54 46 :
1X-2 20 2 1.% R 56 S0 54 46 .
R1X~3 R ;
1X-4 16 1 1.5 1.9 56 R S4 46 .
1X-5¢(1) 10 1 1.4 1.4 57 53 R 47

*No test because of interference from outside source.
R - receiver connected to antenna indicated by column number.
Note: Numbers in parentheses are channel numbers.

I-43
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Subtegt 2.9.3

Appendix 1

TABLL T-17 (Continued)

Deaired Signal Lev.'l ~ -105 dsm

Fceq i S4N S4+I4N Test Receivei Location and 1
c-mb. ) N 1+¥ Interferer Power Level (Watts) !
No, (dB) (dB) 1 2 3 4 5 6
IX-5(4) Y 1 1.4 1.4 57 53 ‘R 47
IX-6(1) 8 1 1.5 1.5 56 50 54 R
IX-6(4) 9 1 1.5 1.5 56 sC S4 R
X-1 16 2 R 1.2 59 50 48 46
X-2 19 2 2.4 R 5% 30 48 46
*X-3 R
X-4 17 2 2.4 1.2 59 R 48 46
*X-5(1) R
wX-5(4) 13
X-6(1) 10 1 2.4 1.2 59 50 48 R
X-6{4) 12 1 2.4 1.2 59 50 48 R
X1-1 13 2 R 2.0 57 64 60 48
XI-2< 16 b) i.8 R 57 64 60 48
X1-3 18 [ 1.8 2.0 R 64 6¢ , 48
XI-4 12 2 Y5 2.0 57 R 60 [ 48
XI-5(1L) 12 2 1.8 1.8 2.0 57 R } .}
XI-5(4) 11 9 1.8 2,0 57 64 R 48
XI-6(1) 17 5 18 2.0 57 64 6U | R
XI-6{&) 12 2 1.8 2.0 57 64 60 R
XII-} 18 7 R 2.6 69 46 b1 30
XI1-2 21 13 1.6 R 69 46 5B 30
XfI1-3 11 0 1.6 2.6 R 46 58 30
X11-4 16 5 1.6 2.6 69 R 58 30
XIE-5(1) 7 2 1.6 2.6 69 46 R 30
XII-5(4) 10 7 1.€ 2.% 69 46 K 30
Xi1-6(1) 12 1 1.5 2.8 75 66 61 R
XIL-6{4: 13 1 1.5 2.8 75 66 61 K
XI11-1 18 S S z2.1 60 70 36 38
X111-2 20 2 1.5 R 60 70 S4 38
XI1I-3 10 ] 1.5 2.1 R 70 54 38
XI11-4 17 7 1.% 2.1 60 R 54 k13
XIII-5(L) 11 7 1.5 2.1 60 70 R 38
XLII-5(4) 10 8 1.5 2.1 60 70 R 38
XILI-6(1) 8 4 1.5 Z2.1 58 71 58 R
XALL:H(4) 8 5 1.5 1 2,11 58 71 58 R

*No test hecause of interference from outside source.
R - Teceiver connected to antenna indicated by column number,
Notc: Numbers in parcntheses are channcl numbers,

1-44
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TABLE 1-17 (Conuvinued) 3
Subtest 2.9, Desired Signal Level = -105 dBm E
F—-
fro. S*N l ATy Test Receiver Location and :
- ot N  I+N Interferer Pover Level (Wacts) - £
No. (dB) (dB) 1 2 3 4 5 6 i i
¥iv-l 15 2 R 2.0 62 51 47 42 2
XIV-2 22 le 4.3 62 s1 47 42 : -5
X1v-3 12 2 4.3 2.0 R 51 47 42 ] F
XIV-4 16 4 4.3 2.0 62 R 47 42 : =
XIV-5(1) 4 1 3.8 | 2.0 ] 62 50 R 46 '
XIV-5(4) 5 7 1.8 2.0 62 50 R 46 H
HIV-6(1) Y4 ? 3.8 2.0 62 50 48 R § i
XIV-6(4) 13 6 3.8 2.0 62 50 48 R ’
#v-1 16 2 [ 1.1 47 46 50 16 §
XV-2 22 2 1.8 R 47 46 50 36 :
*X V-3 R
xXV-4 16 2 1.8 1.1 47 R S0 36 ;
XV-5(1) i3 10 1.8 1.5 52 46 R 36 i
XV 5(4) 14 10 1.8 1. 52 46 R 36 i
¥V &(1) g : 1.8 1.2 L7 46 L6 R H
XV-6(4) g 1 1.8 1.1 42 46 46 ' R :
XVI-] 11 2 F 22 64 52 47 21 H
XVi-7 19 2 1.6 P 64 52 47 21 !
XVI-3 17 1 1.6 2.7 ¥ 52 47 21 !
XVI-4 9 10 1.6 4.7 64 ¥ 47 2i 3
XV1-5(1) 10 6 1.6 | 2.7 6 47 K 21 i
XVI-5(4) 10 6 1.6 2.7 2 Y R 21 H
XVI-6(1) 8 1 1.7 2.2 7% 52 50 K
XVI-6(4) 8 ] 1.7 2.2 73 92 50 K ;‘
1
XVII-1 18 2 » 2.1 ] 68 89 43 10 ;
XVII-2 20 2 1.4 [ 69 89 43 30 1
XVIT-3 iR 1 1.4 z.1 ] /9 43 10 :
XVII-4 17 2 1.4 2.1 69 R 43 30
XVII-5(1) 9 7 1.4 2.1 £9 £9 R 2
XVII-5(4) 9 7 1.4 2.1 6y 8¢ R 30 4
XVITI-6(1) 12 5 1.4 2.1 69 BY 43 K 3
XVII-h(4) 12 10 1.6 2.1 €9 89 43 R }
XVILI-1 16 1 R 2.5 | 48 38 o 44 §
XYILI-2 19 2 1.8 R 48 18 60 49 J :

*No test because of interterence from outside source.
R - recciver connccted to antenna indicated by column pumbey
Notc: Numbers in parcnthesces are channel numbersy.
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TABLE 1-17 (Continued)

bl e

Subtest 2.9.3 Desired Signal Level = =105 dbm :
: Fraq SN S+I+N Test Receiver Location and :
) : “omb. N T+N Interferer Power Level (Watts) B

No. (dB) (dB) 1 2z 3 4 S 6 #

XVIII-3 16 2 1.8 2.5 R 38 60 40 - =

XVIII-3 15 2 1.8 2.5 48 R 60 490 :

XVII1-5(1) 11 1 1,8 2.5 48 38 R 40 o

XVIII-5/4) 12 1 1.8 2.5 48 38 R 40

XVIII-6(1) © 10 1 1.8 2.5 48 38 60 R b

XVIXI-6(4) 10 1 1.8 2.5 48 38 60 R

X1X-1 15 1 R 3.5 70 43 54 13
XIX-2 19 2 1.7 R 70 43 54 1
XIX-1 17 2 1.7 .5 R 43 54 13
XIX-4 16 12 1.7 3.5 70 R 54 13
*XIX-5(1) K
*XIX-5(4) R
XIX-6(1) 8 1 1.7 3.5 70 43 54 R
XIX-6(4) 8 1 1.7 3.5 70 43 54 R
XX-1 R
XX-2 19 9 1.7 13 52 S? 60 46
XX-3 17 6 1.7 2.0 R 97 60 46
XX-4 18 1 1.7 2.0 52 R 60 46
XX-5(1) 11 6 1.7 2.0 52 S7 R 46
XX-5(4) 10 7 1.7 2.0 32 57 R 46
XX-6(1) 10 2 1.7 2.0 52 57 60 R
XX-6(4) 10 2 1.7 2.0 52 97 60 R
XXI-1 17 1 R 2.2 59 58 42 25
xXI-2 18 2 1.7 R 59 S8 42 25
XI-3 16 1 1.7 2.2 R 58 42 25
XI-4 19 3 1.7 2.2 59 R 42 25
*XXI~5(1) R
BXXI~5(4) R
HI-6(1) e 9 1.7 2.2 59 58 42 R
XXI~-6(4) 9 9 1.7 2.2 59 58 42 R
XXII-1 14 11 R 1.2 54 65 51 27

XXI1-2 21 12 2.0 R 54 65 51 27

¥X1I~3 17 11 2.0 1.2 R 65 5] 27

XX1I-4 18 12 2.0 1.2 54 R 51 27

AXLI-5¢1) 10 1 2.0 1 1.2 ] 54 65 KR4 22 N

*No test because of interference from outside source.
R - receiver connected to antenna indicated by column number,
Note: Numbers in parentheses are channel numbers.
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i TABLE 1-17 (Continucd)

! Subteat 2.9.3 Deaired Signal Level = -105 dBm

§ Freq S+N S+1+N Test Receiver Location and

¢ Comb . N I+N Interferer Power lLevel (Watts)

P No. (dB) (dB) 1 2 3 4 5 6

H

i XXII-5(4) 10 1 2,0 } 1.2 | s4 65 R 27

XXTI-6(1) 9 6 2.0 | 1.2 | s4 65 51 R

: XXII-6(4) 10 6 2,0 | 1.2 | s4 65 51 R .

XXIII-1 19 1 R | 2.3 | &7 87 40 | 32

i XXIII-2 20 2 1.7 R 67 87 40 32

i XXI1I-3 10 1 1.7 2.3 R 87 40 32

: XXIII-4 19 5 1.7 | 2.3 | 67 R 40 32 3
L XXIII-5(1) 11 1 1.7 | 2.3 | 67 87 R 32 3
4 XXIIT-5(4) 11 1 1.7 | 2.3 | 67 87 R 32

i XXITII-6(1) 10 1 1.7 | 2.3 | 67 87 40 R .
? XXIII=6(4) 11 1 1.7 2.3 67 87 40 13 . 3
H XX1V-1 15 2 R | 3.2 | s1 43 | 38 17 ’ : §
: XX1V-2 21 0 1.1 R 51 43 38 17 A
i XXIV-3 16 1 1.1 ] 3.2 1w 43 38 17 § g
: XXIV-4 18 1 1.1 | 3.2 | s1 R 38 17 2
XXIV-5(1) 15 1 1.1 | 3.2 | st 43 R 17 g
N AXIV-5(4) 16 1 1.1 | 3.2 | s1 43 R 17 ; A
B XXIV-6(1) 10 1 1.1 | 3.2 | s1 43 38 R {
XXIV-6(4) 10 1 1,1 | 3.2 ] 31 43 38 R 1
i xXV-1 16 1 R 2.1 | 46 44 54 38 ;
f XXV-2 21 0 2.3 | R 46 44 s4 38 i
5 *XXV-3 R ;
E XXV-4 18 0 2.3 | 2.1 | 46 R 54 38 2

Lo xv-5(1) | 10 1| 2.3 ) 2.0 ] 46 | ss | R 38
iy XXV-5{4) 10 1 2.3 | 2.1 | 46 A » 38 3 3
i XXV-6(1) 9 i 2.3 | 2.1 | 46 44 54 R 4 i
: XXV-6(4) 10 1 2.3 1 2,1 ] 46 44 S4 R 3 4
H k
E Y % :
v : Fi :
H

b § .

] [

] *No test because of interfercence from outr’'de source.

R - receive: conneceed to antennn indicated by column number.,
Note: Numbers in parenthe.es arc channcel numbers,

1-47

P R - PR [ - O ——




P T v S

e m e TT AN Ay rre e e T T g

ESD-TR-73-0106 Appendix 1

TABLE 1-18

OPERATIONAL SUBTEST, (S+I1+N)/(I+N), -95 dBm

Subtest 7.9.3 Degired Signal Level = -95 dbm
F -eq S+N S4I+N Test Receiver Location and
Comb . N I+N Interferer Power Level (Warts)

Yo. (dB) (dB) 1 2 3 4 5 6

1-1 20 2 R 2.2 62 74 64 32

1-2 20 2 1.7 R 62 74 64 32
*]-3 R

I-4 19 2 1.7 2.2 62 R 64 32

1-5(1) 21 18 1.9 2.4 62 70 R 30

1-5(4) 20 17 1.9 2.4 62 70 R 30

1-6{1) 20 20 2.0 2.3 64 68 62 R

1-6(4) 21 21 2.0 2.3 64 68 62 R
11-1 i8 2 R 2.1 65 43 57 32
11-2 22 2 2.0 R 65 43 57 32
11-3 20 4 2.0 2.1 R 43 51 33
11-4 21 2 2.0 2.1 65 R 57 32
11-5(1) 20 16 2.0 2.1 65 43 R 32
T1-5(4) 19 16 2.0 2,1 65 43 R 32
I1-6(1) 21 1 2.0 2,1 65 43 51 R
11-6(4) 22 2 2.0 2.1 65 43 51 R
I11-1 19 2 R 2,2 65 55 62 59
1{1-2 21 21 1.7 R 57 55 60 48
111-3 19 2 1.7 2.2 R 55 60 48
I11-4 20 2 1.7 2.2 57 R 60 48
II1-5(L) 23 15 1.6 2.3 62 57 R 52
111-5(4) 22 17 1.6 2.3 62 57 R 52
111-6(1) 21 20 1.5 2.2 65 59 62 R
111-6(4) 21 20 1.5 2,2 65 55 62 K
V-1 21 2 R 1.7 £5 42 53 33
-2 23 2 1.5 K 65 4 53 33
*IV-3 R

1v-4 21 13 1.5 1.7 65 R 33 2
*IV~5(1) R
*IV-5(4) R
IV-6(1) 21 16 1.5 1,7 65 42 53 R
Iv-6(4) 20 17 1.5 1.7 65 42 S3 R
*Y-1 R

V-2 21 17 1.6 R 65 44 48 36

*No test because of interfercnce from outside source.
R - receiver connected to antenna indiczzed by column number.
Note: Numbers in parentheses arc channel numbers.

1-48
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TABLL 1-18 (Continued)

Subtest 2.9.3 Desired Signal Level = -Y5 dBm
Treq S+N SHI+N Test Receiver Location and 1
{onb, N I+N Interferer Power Level (Watts)
- I bR (dB) (dB) 1 2 3 4 5 o
v-3 20 13 1.6 | 2.3 R 44 48 36 ]
V-4 19 16 1.6 2.3 €5 R 48 16
v~5(1) 20 19 1.6 2.3 65 44 R 36 ' :
V-5(4) 22 21 1.6 2.3 65 44 R 36
V-6(1) 0 16 1.6 2.3 65 44 48 R
V-6(4) 26 13 1.6 2.3 €5 44 48 R
Vi-1 22 2 R 1.3 50 72 50 43 :
VI-2 23 22 1.6 50 72 50 ] 3
VIi-3 21 10 1.6 1.3 R 72 50 43 :
VI-4 18 3 1.6 1.3 50 K 50 43 3
*VI-S(1) R M
*VI-5(4) R :
VI-6(1) 21 4 1.6 1.3 50 72 50 R §
VI-6(4) 20 4 1.6 1.3 50 72 50 R i
vii-1 20 2 R 1.4 60 32 58 77 é
VII-2 23 2 2.2 R 60 | 32 58 27 :
VII-3 22 0 1.7 1.7 R 47 64 14 H
Vii-4 20 0 1.7 1.7 64 R 04 34 3
ViI-5(1) 22 0 1.7 1.7 64 41 R 34 3
VII-5(4) 22 0 1.7 1.7 64 47 K 34 i
Vi1-6(1) 20 2 1.7 | 1.7 | e4 47 64 R 1
V1T-6(4) 20 2 1.7 1.7 64 47 64 K %
5.3
V1iI-1 21 2 R 2,1 46 68 59 38 H
VIII-2 22 2 1.3 R 46 68 59 38 3
AVIII-3 R 3
VIII-4 20 15 1.3 2.1 46 R 59 38 )
VIII-5(1) 22 21 1.2 2.2 52 92 R 34 3
VII1-5(4; 20 19 1.2 2,2 52 92 R 34 ;
VIII-6(1) 22 18 1.3 2.1 46 68 59 R 3
. VIII-6(4) 22 18 1.3 2.1 46 68 59 R k
IX-1 22 2 R 1.5 | s6 50 54 46 1
IX-2 22 2 1.5 R 56 50 54 46
*1X=3 R
L ) ] 1 ) J

* .
No test becuuse of interfercnce from ontside source,

R - recejver copncctod to antenna indicated by column number,
Note: Numbers in parentheses are channel nunmbers,
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! TABLE 1-18 (Continued)
i
i :
% Subtest 2.9.3 Desired Signal Luvel = 95 dim 3
1
; Jreq S+N SHI+N Test Receiver location and 4
i { omb. N I+N Interferer Power Level (Watt:.) 4
: No. (dB) (d3) 1 2 3 4 5 ) 4
I -l
: - #
1X~4 20 1 1.5 | 1.5 | s6 R 54 46 A
IX-5(1) 23 1 1.4 1.4 57 53 A 47 4
; : IX~5(4) 20 1 1.4 1.4 57 53 K 47 i
1X=6(1) 19 ) 1.5 1.5 56 50 54 R N ;
1X=6(4) 19 1 1.5 1.5 56 50 54 R
X-1 21 2 R 1.2 59 50 43 46 3
i X-2 22 2 2.4 R 59 50 43 46 !
i . *X-3 R 4
: X-4 19 2 2.4 1,2 59 R 48 | a6 =
: *%-5(1) , R E
b *%=-5(4) : R 3
: X~6(1) 21 1 2.4 1,2 59 50 48 kK E
X-6(4) 20 1 2.4 1.2 59 50 43 R i
| 3
X1i-1 2 2 R 2.0 | 57 64 6N 4 : 5
X1-2 2i 6 1.8 R Y] 64 69 | 48 3
X1-3 21 12 1.8 2,0 R v 60 & b 4
Xi=b 17 2 1.8 2.0 57 R 60 AN
XI1-5(1) 22 18 1.8 2.0 57 64 R 48
X1-5¢4) 21 20 1.8 2.0 57 64 R 48
X1-6(1) 21 11 1.8 2.0 57 64 60 R
XI-6(4) 19 10 1.8 | 2.0 57 64 60 R g
XI1-1 21 7 R 2.6 69 46 54 30 i

XI1-2 23 19 1.6 R 69 46 58 30

X11-3 19 0 1.6 2.6 R 46 58 ;30

XII-4 20 10 1.6 2.6 69 R s | 30 ¢

%¥11-5(1) 24 16 1.6 2.6 69 46 R 30

X1I-5(4) 22 18 1.6 2.6 69 46 13 30

XI1I-6(1) 22 1 1.5 2.8 75 66 61 R

XI11-6(4) 20 1 1.5 2.8 75 66 61 -3

XI1I-1 21 17 R 2.1 60 70 5¢ 38

XL11~2 23 ? 1.5 R 60 70 54 38

XI1I-3 20 8 1.5 2.1 R 70 54 38

KITIh 19 15 l 1.5 l 2.1 60 R 54 34

3 : *No test because of interfercnce from outside source
R - receiver connected to antenna indicated by column numbcr.

b Note: Numbers in parentheses are channel numbers.
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TABLE 1-18 (Continued)

i

Subtest 2.9.3 Destred Sigunal Level » =495 dbm E

rreq S48 S+1+N Test Recelver location and 2

C.omb . N I+N Interferer Power Level (Watts) i

Ne. (dB) (dB) 1 2 k] 4 5 f 4

' 3
- XTTI-5(1) 22 16 1.5 | 2.1 | €0 70 R 3% :
XII1-5(4) 21 17 1.5 2.1 60 70 R 338 : 3
XITI-6(1) 21 18 1.5 2.1 58 71 58 X : 4
X111-6{4) 19 12 1,5 z.1 58 71 58 R 4 .
. § 3
Xiv-1 20 2 R 2,0 62 51 47 42 i P
X1V-2 22 21 4.3 R 62 51 4y 42 < E
X1V-3 20 2 4.3 2.0 R 51 47 42 . 3
XLV-4 18 7 4.3 | 2.0 | 62 |3 47 42 : k!
XIV-5(1) 19 13 3.8 2.0 62 S0 R 46 : 3
X1V-5(4) 16 13 3.8 2.0 62 50 R 4h i ;%
| XIv-6(1) 22 20 3.8 2.0 62 50 48 R : a
XIV-61(4) 21 18 3.8 2.0 62 50 48 R : %
Xv-1 21 2 R 1.1 | @ 46 56 3, E
Xv-2 22 2 1.8 R 47 46 50 36 R
*XV-3 R : E
XV-4 17 2 1.8 1.1 47 R 50 36 ‘ 4
XV-5(1) 23 71 1.8 1.1 LY 46 i A g B
XV-5(4) 20 19 1.8 1.1 52 46 1R 35 : E
XV-6(1) 21 1 1.8 1.1 52 46 46 R : E
Xv-b(4) 19 1 1 1.8 1.1 52 46 46 R ) ;
| ~
XV1-1 19 2 R 2.2 64 52 47 21 : :
XVIi-2 21 9 1.6 R 64 52 47 21 ; 3
XVI-3 21 1 1.6 2.2 R 52 47 21 3 E
XVI-4 17 16 1.6 2.2 64 R 47 21 ' 1
XVIi~-5(1) 20 18 1.6 2,2 64 52 R 21 s t
XV1-5(4) 20 17 1.6 2.2 64 52 ¥ 21 N 4
XVI-6(1) 20 1 1.7 2.2 73 52 50 R 4 §
XV1-6(4) 16 2 1.7 2.2 73 52 S0 K 5 4
XV1l-1 20 4 R 2.1 69 89 43 30 f
XV1I-2 21 2 1.4 R 69 89 43 30 . b
XVII-3 21 6 1,4 2.1 R 89 4 30 - :
XVii-d 18 2 1.4 2.1 69 R 413 3 N ;
) xvu--s(l)l 19 17 1.4 2,1 69 89 R 40 ¥ K
i ] 7 ] T 3

*No test bhecause of interfercnce from outside source.
R - receiver connected to antenna indicated by column number
Note: Numbers in parentheses arc channel numbers.
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TABLE I-18 {Continucd)

Subtest 2.9.3 Desired Signal Level = ~-95 dBm
F.2q S+N StIMN Test Recelver Location and
‘b, N 1+N Luterferer Power Level (Watts)

My (d8} (dB) 1 2 3 4 5 6
XV2L~5(4) 17 18 1.4 2.1 69 &89 R 3¢
XVii-6(1) 23 22 1.4 2.1 69 83 43 R
XVIiI-6{4) 22 19 1.4 2,1 68 8% 43 R

X¥i11l-1 21 1 2.5 48 38 60 4 '

XV111-2 20 2 1.8 R 48 38 60 40

XVIiI-3 21 2 1.8 2.5 R 38 60 40

XVILI-4 20 11 1.8 2,5 48 R 60 40

XVIL1-5(Q1) 21 8 1.8 2.5 48 8 Y40

XVIL1-5(4) 22 9 1.8 2.9 48 3 38 Ry &0

XVIIT-4(1) 23 1 1.8 2.5 48 38 50 R

KVIII-6(4) 20 1 1,8 2.5 4R 318 50 R

XIX~1 26 2 R 1.5 70 43 54 ’ 13
XIX-2 19 2 1.7 R 70 43 54 7 13
XIX~3 2e 1 1.7 3.9 R 43 S4 13
ZLK~% 18 17 1.7 3.5 70 R 54 l 13
*XIX-5(1) R |
*XIX-5(4) R
XIX-6(1) 19 1.7 3.5 70 43 54 R
Xix-6¢4) | 18 1 1.7 { 3.5 10 43 s¢ ow
*YX-1 R

XX-2 20 i9 1.7 R 52 57 60 4%

XX=3 22 10 1.7 2.0 R 57 GO 4t

XX-L 20 3 1.7 2.0 52 R a0 L6

w-5(1) 22 15 1.7 2.0 52 57 K Qa6

XX~5(4) 20 156 1.7 2.0 52 37 R 45

KX-6(1) i 15 1.7 2,0 52 5, 60 R

A-6(4) | 20 16 1.2 | 2.0 | 52 57 50 R

XXI~1 19 8 R 2,2 39 58 | €0 46
XX1-2 21 5 1.7 R 55 58 60 46
XX1-3 22 1 1.7 2.2 R 58 €9 46
XKI-4 20 4 1.7 | 2.2 R 60 | 46 |
*XX1-5(1) R
*XXI-5(4) R

*No test because of interference from outside source.
R - receiver connected to antenna indicated by column number.
Note: Numbers in parentheses are channel numbers.
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TABLE I-18 (Continucd) 3 §
’ H I
' i 4
Subrest 2.9.3 Desired Signal Level = =95 dbn : ,ig
.req SN SHi4N Test Receiver Lecation and H 5
>mb. N b Interferer Power Level (Wart.) 4 g
Yo. (dB) | (dB) 1 2 3 4 5 6 3 3
KXi-61) | 20 20 1.7 | 2.2 | 59 58 60 R E 3
XXI-6(4) 20 20 1.7 2.2 59 58 €0 R :
- ‘ PoxxI1-1 19 18 R 1.2 54 65 51 27 3
) ) XXT11-2 22 19 2,0 R 54 65 51 27 i
XK11-3 2?0 16 2.0 1.2 R 65 51 27 3
XX11-4 15 7 2.0 1.2 54 R 51 2/ 3
AKLT-5(1) 19 1 2.0 1.2 54, ho K 27
XXL1-5(4) 20 1 2.0 1.2 54 65 K 27 : z
XX1-6(1) o0 18 2.0 1.2 54 65 51 R M 3
XXTL-6(3) 19 8 2.0 1.2 54 G5 91 K : 3
EXily-1 21 1 R 2.3 67 87 40 32
XX111-2 21 3 1.7 R 6/ 87 40 32 4
XKI11-3 21 1 1.7 2.1 K 87 40 ¥, i
XXLLI-4 23 18 1.7 2.3 67 R 4G 3 e
XXT11-5¢1) 20 1 1.7 1 2.3 | 62 87 R 32 z 3
¥XITI-5(4) 21 1 1,7 2.3 67 87 R 32 = 3
XXTII-6(1) 20 3 1.7 2.3 67 o 40 r
XXIT1-6(4) | 20 3 1.7 | 2.3 | 67 87 40 R ;
XXIV-1 20 2 R 3.2 51 & 38 17
YXTy-2 22 0 1.1 R 51 43 38 17 z
XXTV=-3 20 A 1.1 3,2 R 43 38 17 -
XXIV-4 20 1 1.1 3.2 51 R 38 7 5 :
AXIV-5(1) 21 9 1.1 3.2 51 43 R 17
XXIV-5(4) 21 9 1.1 3.2 St 43 K 17 . ’
XX1V-6(1) 20 1 1.1 3.2 51 43 38 R -
XA1V-6(4) 19 1 1.1 3.2 51 43 38 R :
XXv-3 21 1 R 2.1 46 Lt 54 18 :
Wy-2 21 0 2.3 R 46 44 54 38
*XKY -5 R
XoV-b 21 ] 2.3 2.1 46 X 54 3%
Xxv-5(1) 18 8 2.2 2,1 46 44 K 38
XKv-5(4) 18 0 2.3 2,1 46 a4 R 18 :
XXV-6{1) 20 1 2.3 2.1 46 44 54 K %
) Xxv-6(4)} 20 1 2.3 | 2.1 46 b | J R i

*No test becauge of interference from outrside source.
R - receiver connected to antennua indicated by column nomber,
Note: Numbers 1in parentheses zrc channel numbers.
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TABLE 1-1¢

OPLRATIONAL SULTELST, INTUERVLERER ISOLATION, -145 dBm

Subtest 2.9.3 Desired Signal Level = -105 dbim ;
ireq SN S+ 14N Test Receiver Location and
Lomb ., N I+N Ir.cetferer Power Level (Watts)® 3
No. (de) (dB) 1 2 3 4 5 6 R %
v-2 22 ] 1.7 X 66 44 S0 a2 E
3 F 66 4Lh ;1
V-1 L4 7 1.7 2.) k 1A 50 ki :
8 R L4 50 %:i%
V-4 15 3 1.7 2.0 (10 R 50 32
3 66 ¥
4 ) 50 32 3
VI-1 11 1 R 1.2 . 44 82 48 22
1 R B2 E
2 R 44 48 22
1-3 17 1° 1.% 1.2 R 82 48 22
Vi=4 15 i 1.5 1.2 44 P 4B 22
] 1.6 L4 z
y1-6(1) 13 2 1.6 1.2 44 82 [} R
7 1.6 R
3 b4 L
) 82 K
k] 48 ¥
V3 1.6 1.2 B
VI-6(4) 10 3 1.6 1.2 Ly 82 L3 Kk
4 4Lh R
‘ 1.2 82 48 R
Vil-l 15 2 R 1.6 62 1] 63} 30
2 R 1.6
Vil-2 22 (Y] 1.4 R ¥} 48 03 36
G 1.6 LS
2 R 62 48 3o
2 4z 63 36
vVIiI-} i6 3 1.4 i@ R 3] 61 16
2 k 48 63
viIl-~ 14 0 1.4 1.4 56 R 6} 36
[4] 11 I 63
L= () 10 4] 1.4 1.4 56 48 R }6
2 56 1] R
VII-S(4&} 9 1 1.4 1.4 L] A b R L]
3 o ] .
)
vil-6(}; 1) 3 1.4 1.4 56 e ¥
2 % K
| I SIS BN WUV LU B *

*Blank spaces indicate transnitters off,
F. - recervers cvonnected to antenna 11 Yreated by colul nunber,
Note: Numbers in parcnthesces ave chaane! numbers,
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TABLE 1-19 (Continucd) ;
Subtest 2.9.3 Desired Sigral Level = =105 dim Z
- T | i
] Ere S+ S4I+N Test Recelver Location aud H
| Cowl . N IN | Tnterferer Power Leve] {(Watta)* %;
- No. (aF> (db) 1 2 3 4 S 6 3
VIL-6(4) 1. ) 1.4 1.4 56 48 63 R H
4 56 R i
. 2 1.4 45 63 R E
VIII-1 16 2 R 1.2 2 95 64 27
2 R 93 ’ :
2 k 1.2 26 z
VILL-2 22 0 2.6 R 20 94 ch 27 i
0 2.6 R 2, | 3
VIII-4 15 3 2.6 1.2 20 R b 21 H
4 2.6 | v.2 ] 29 K ?
3 1.2 26 K 64
4 1.2 2n K 27 -
4 7.t 1.2 K 64 27
4 2.0 26 K 64 KB i
Viii-6(1) y I o I s a4 A H 1
VIIL[-6(4) 8 8 2.6 1.2 2 oy bis K :
4
1X-1 14 4 R 1.4 50 93 3 22 H
2 R 50 3
1X-2 21 0 1.9 R 50 53 A 22
0 1.5 R
iX-4 1 3 1.5 1.4 50 R 4 2?2 3 i
2 1.4 K 3 22 E 4
3 50 R 2 22 =
1X-5(.) 9 u 1.5 1.4 50 59 K 22 H -
¢ 1.4 3 F 27 1 .
o 5 5 K 2 4
125 (4h) 9 0 1.9 14 S0 5 K 22 : é’
I l.a 5 k 2 : F|
0 5 0 5) K 22 : 1
14-6(1) ] } 1.5 1.4 v 54 1 H : £
2 1.4 94 3 ¥ . |
. 50 2 ] 3
[X-6(6) 4 s} 1.5 1.4 50 59 v v
i 0 1.4 "y 1 v i ]
0 S0 93 14 H 3
P : . o p
Blank spaces Indicats transmtters off, E
. Ro- reccivers connedted to antenna indi- ated by columr numher, i
Hote:  Numbers in parcenthe:es are ¢hanncel numbers. i
N )
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TABLL 1-19 (Continuced}

Subtest 7.9.3 Deeired Signal Level = -105 dHm
freq SN SHI4N Test kecelver Location and
Comb . N I+N Interferer Power Level (Watts) #
No. (dB) (dB) 1 E 4 5 6
X~-1 18 2 1 3 1.2 30 54 4 22 -
2 R 1.2 30 S4
X~2 20 2 1.8 R 30 S4 34 22
2 1.8 R 30 54
X-4 15 2 1.8 1.2 30 R 34 22 .
2 1.8 1.2 20 R
X-6(1) 18 0 1.8 1.2 10 s 34 R
0 34 R 3
X-6(4) 14 o {18 | 123 | s« |3 | & ; i
1 3 R 1
XI-1 12 2 R 1.8 | 65, | 64 38 26 : J
s R 1.8 ! {
2 R 1.8 26 i i
2 R 65 64 38 :
Xi-2 14 14 l.0 R 65 64 38 26 3
X1-3 17 1 1.6 | 1.8 | ® 64 38 | 26 : 3
4 1.8 R 64 26 : 1
4 1.6 R 64 38 26 : 3
X1-4 17 1 1.6 1.8 65 R 18 26 f
] 1.6 26 1
¢ R 38 26 i
1 1.6 65 R 38 ?
? 1.6 65 R 26 1
X1-6(1) 14 1 1.6 1.8 65 Y 38 B 3
3 3 1.8 R 3
3 3 64 R
X1-614) 13 1 1.6 1.8 65 64 38 R
3 1.8 R
4 64 R
¥11-3 i L] ] t.7 2.0 R 62 58 30 : 4
0 R 3 )
X11-4 2 1.7 12.¢6 6h R 58 30
[ 4 R 30
3 1.7 2.6 R 58
XI1-5(1) 1L ) 1.7 2.6 (729 62 R 30
J ; 62 R 30 !
| VSN FORN S 2.8 1 64 62 1 » I,
*EYan) spacces i te transmitter, off,
Fo- receivers « o= Sved to antenra anedyeated Lo bua ooy .
Mure: humbers . renthonesy are channel nundere, i
126
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TABLE 31-19 (Continuced) 3
= Subtest 2.9.3 Desired S{pgnal Level = ~]105 dBm

£ ¥req S5+N S+I+N Test Receiver Location and ;

?5; Comb, N I+N Interferer Power Level (Watts) k

13 No. 4B) | (dB) 1 2 3 Z 5 6 ]
[ XII-5(4) 11 3 1.7 2.6 64 62 R 30 i .

L 4 62 R 30 5

£ 3 2.6 64 62 R

i XI1-6(1) i3 1 1.7 | 2.6 | 64 62 58 R E

£ - 1 64 R i

E 1 62 R ¥

£ XTI-6(4) 12 1 1.7 2.6 64 62 58 R B

i 1 64 R ]

i 1 62 K
& XTT1~] 16 1 R 2.0 | se 66 s6 20 s :
i 6 R 56 i :

H XI11-2 21 9 1.6 R 56 66 56 20 !

H 10 R 56 66 56 20 :

X184 13 11 1.6 2.0 56 R 56 20

L X1v-) i6 ? R 1.9 | 64 57 53 8 .

¥ | i 2 F 1.9

] 3> (AR 8 1 4.3 | 1.9 R 57 5 34 ;

x ‘ 2 4.3 K 33 4

A 2 9] R 57 53 i

! 2 1.9 | R 57 38 i

: \ 1 R 57 53 38 i

X' Ve 1% 7 4.3 9 | 64 i 53 18 H

X1¥-6(1) 3 1 4.3 | 1.9 | 64 57 51 R B

: 1 64 R §

XIV--6(4) b3 1 4.3 1 1.9 | 64 57 53 R 3

] 1 64 R i

1

XVl 1211 & Lo ose | e so | 22

1 R 1.1

) R 46 50 22 1

Xv-2 23 1 2.3 R 50 46 50 22

i 2.3 R i

XV-4 16 1 2.3 | 1.1 50 R 50 22 i

1 R 22 i

Xv-6(1, y 12 1 2.3 ] 1.1 50 46 50 R 3

, ] 46 K 1

: 1 (I 50 K

Elank s;aces indicate transmitters off,
“oaastant Jevel of external interference.
o= orecceivers connected to antenna indicated by column number .
Note:  Numbers in parcenthesces are channel numbers,
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TABLE 1-19 (Continued)

Subteat 2.9.3 Desired Signal Level w ~105 dBn
Freq S+N S+I+N Test Recefver Location and
Comb . N I+N Interfere: Power Level (Watrs)®
No. (dB) (dB) 1 2 k] 4 S 6

XV-6(4) 1 1 2.3 1.1 SU 46 50 R -
1 46 R
1 1.1 50 R
Xi1-2 21 2 2.4 R 68 56 46 16 -
2 2.4 K &8 54 16
XV71-3 10 2 2.4 2.2 R 54 46 16
2 R 16
¥VI-6(1) 10 1 2.4 2.2 68 54 46 L3
1 8 R
XVI-6(4) 11 2 2.4 2.2 68 S4 46 R
2 68 2
XVlil-1 19 1 R 1.5 70 92 46 26
2 R 70 92 26
XVII=2 22 2 1.5 R 70 92 46 26
2 2 R 26
1 1 R 70 9 w4
X%-2 17 5 1.6 P 58 5 60 44
5 R 48
XX-3 10 7 1.6 2.8 R S7 60 4t
-4 18 1 1.6 2.8 48 R 60 4o
1 R 60
XX-6(1) 15 1 1.6 2.8 48 57 60 R
1 57 60 R
XX~6(4) 10 1 1.6 2.8 48 57 60 R
4 2.8 60 R
i 57 60
XX1-1 19 ? R 2.9 60 59 44 25
2 R 60
F HE

*Blank spaces indicate transmitters off,
R - reccivers connccted to artenna indicated by column nunber.
Note: HKumbers in parenthescs are channcl nambers. .
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TABLL. 1-20

OPERATIONAL SUBTEST, INTERFERER ISCLATION, -95 dBm

- - Subrest 2.9.3 Desired Signal Level = =95 dBm

. Freq S+N S+I+N Test Recelver Location and
Camb. r T+N Interferer Power Level (Watts)*
No, (dB) (dB) 1 2 3 4 5 6
VIi-l 7 2 R 1.2 44 £2 48 22

Z R 8¢
{ 1 R 44 L8
VI-3 20 17 1.6 1.2 )4 g2 48 22
Vi-4 18 1 1.6 1.2 44 P 48 27
] 1.6 | 4
Vi-&(1) 20 2 1.6 1.2 44 82 48 R
3 44 R
5 1.6 1,2 82 48 R
VI-6(4) 20 2 1.6 1.2 44 -¥4 48 ¥
4 44 R
5 1.6 1.2 82 48 4
VIiI-l 27 2 R 1.6 62 48 63 36
2 R 1.6
vii-2 23 0 1,4 R 62 48 63 36
0 1.4 R
2 R 62 48 63 36
Vir-3 20 1 1.4 1.6 R 4B 63 36
1 R 48 63
Yil-4 19 0 1.4 1.4 56 R 63 36
1 56 R 63
YI11~5(1) 21 3 1,4 1.4 56 48 R 36
0 56 48 R
VII-5(4) 22 2 1.4 1.4 56 48 R 36
0 56 48
vii-6(u) | 22 3 1.4 | 1.4 | se 48 63 R
2 56 R
V11-6(4) 22 2 1.4 1.4 56 48 6] R
2 56 K
VIII=-1 21 2 R 1,2 26 95 64 27
2 R 1.2 26
viii-2 23 0 2,6 R 26 95 64 23
- 0 2,6 R 26
IX-1 2] 11 R 1.4 50 53 34 22

R - receivers connactes ta nntanna i
cnnecter ¢ ant

Note:

L) r\;';t‘n‘nr‘ | S T
Talitd AiiMavaLLA Uy LuLUuNg

Numbers in parentheses are channel numbers.
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TABLE 1-20 (Continucd)

Subtest 2.9.3 Desired Signal Level = -95 dbw
Freq SN S+14N Test Receiver Locatlon and
Comb . N pTT]] Interferer Power Level (Wat:s)™
No, (ds) (d8) 1 2 3 4 5 6
X2 22 0 1,5 R 50 53 34 22

0 1.5 R
-4 18 3 1,5 1.4 50 R 34 22
2 1.4 R 34 22
3 50 R 34 22
1A-5(1) 18 0 1.5 1.4 50 53 R 22
0 1.4 53 R 22
0 50 53 R 22
IX-5(4) 15 0 1.5 1.4 50 53 R 22
Q 1.4 53 R 22
0 50 53 R 22
IX-6(1) 20 2 1.5 1.4 50 53 34 R
2 1.4 53 34 R
2 50 53 34 R
IX-6(4) 16 0 1.5 1,4 S 53 34 R
0 1.4 53 34 R
0 S0 53 34 R
X-1 21 2 R 1,2 30 54 k1 22
2 R 1.2
X-2 22 2 1.8 R 30 S4 34 22
2 1.8 R 30 54
X-4 17 2 1.8 1.2 30 R 34 22
2 1.8 1.2 30 R
X-6(1) 23 0 1.8 1.2 30 54 34 R
0 34 R
X-6(4) 20 1 1.8 1,2 30 54 34 R
1 34 K
X1-1 19 2 R 1.8 65 64 kt:] 26
2 R 1.8 26
XI-2 22 22 1.6 R 65 64 38 24
XI-4 19 1 1.6 1.8 65 R 38 26
2 1.8 R 26
1 1.6 €5 R 38
Xii-3 19 0 1.7 2,6 R 62 58 30
0 R 30

*Blank spaces indicate transmitters off.
R - reccivers connccted to antenna indicated by column number,
Note: Numbers in parenthesis are channcl numbers.

-




e ee it b by e

Y PP RRpp

B PR ST Y

Laiae o Salfid sl o LU AL S

T TR T 7o

/ 1
Y -~ r - . x - pw=s iR
g
Vs
4
ESD-TR~-73-016 : Appendix 1
i /
TABLE I-20 (Continued) . 3
Subteat 2.9.3 Desired Signal Level = ~95 dBm
Freq S+N S+I+N Test Receiver location and
Comb. N T+N Interferer Power Level (Watts)™ £
No. (dB) (d8) 1 2 3 4 5 6 ;
XI1-6(1) 22 1 1.7 2.6 64 62 S8 R 3
2 64 R
3 62 R
XI1--6(4) 20 2 1.7 2,6 | 64 62 58 R
1 64 R
2 62 R
X111-2 22 21 1.6 R 56 66 56 20 3
X111~3 20 18 1.6 | 2.0 R 66 56 20 E
X1I1~6(1) 29 20 1.6 | 2.0 | s6 66 56 R i
X111-6(4) 17 17 1.6 | 2.0 | 36 66 56 R §
XIv-1 21 4 R 1.9 | 64 57 53 38 i
4 R 1.9 | 64 53 1
K1IV-3 14 1 4.3 1.9 R 57 53 38 %
1 4,3 1.9 R 53 H
: 3 4.3 R 57 53 32 i
1 1.9 R 57 3 32 H
XIV-4 19 17 4.3 1.9 64 R 53 a2 1
xV-1 20 1 R 1.1 | s6 46 50 22 i
2 R 1.1 i
3 R 46 50 22 :
xV-2 24 2 2.3 R 50 46 50 22 3
1 2.3 R
XV-4 20 1 2.3 1.1 | S0 R 50 22
2 R 22 .
XV-6(1) 22 1 2.3 1.1 S0 46 50 R i 3
1 46 R 4 3
k} 1.1 50 R ) i
xvi-6(1)] 21 2 2.6 | 2.2 | +8 54 46 R ' ':g
4 68 R
XVI-6(4) 19 3 2.6 2,2 68 54 46 R 3
3 48 R 2
i
XVII-1 21 10 R 1.2 { 66 A0 45 21 i
3 R 66 | 88 | 45 | =1 1

*Blank spaces indicate transmitters off.
R - reccivers connected to antenna indicated by colum number,
Note: Numbers in parentheses are channel numbers.
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TABLE 1-20 (Continucd)

Subteat 2.9.3 Desired Signal Level = -95 dBm
i Freq SN S+I+N Test Receiver location and
Comb, N I+N Interferer Power lLevel (Matts)* :
No. (dB) (dB) 1 2 3 4 5 6 : E
) & 3 ‘;
XVI1-2 23 2 l1s | R |70 | 92 |46 | 26 T 3
2 R 92 26 1
2 R 70 92 46 :
2 r 70 46 26 : P
XVII-3 20 15 1.5 | 1.5 R 92 46 26 i B
XV1I-4 20 0 1,5 | 1.5 | 70 R | af 26
Q 1.5 R H o
XVilLl-6(1) | 19 2 1.7 | 2.7 | w0 52 | 60 K
2 52 R H 4
XVIII-6(4) ! 21 4 1.7 2.7 | 40 52 -0 R i =
4 52 R 5 ?
X1IX-2 23 16 1.6 R 61 Wb 46 16
7 1.6 R 61 44 46
XIX-3 19 1 1.6 | 3.4 R 4t 46 16 E
2 3.4 R 44 46 16 : :
*IX-6(1) 19 2 1.6 | 3.4 ) w1 44 46 R : i
3 61 R :
XIX~6(4) 19 3 1.6 | 3.4 | 61 44 L6 R E
k] t. R
XXI1-4 18 15 2.1 | 1.2 | s0 R 49 23 :
TXII-5(1) 18 1 2,1 | 1.2} 50 65 R 23
1 2.1 R
XX1I-5(4) 17 1 2.1 | »2 | s0 65 R 23
1 2,1 B
XXI11-1 19 0 R 2.4 | 64 77 46 36
0 R 64 46
XAITI-2 20 5 1.8 R 64 77 46 36
3 1.8 R
XXI11-5(1) 21 p; 1.8 | 2.6 | 64 77 R 36
1 R 36
1 1.8 64 R
*Blank spaces indicate transmitters off, 1
R - receivers connected to antcnna indicated by column number, :
Note: Numbers in parenthescs arc channcl numbers. -
|
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TABLE 1-20 (Continued)
Subteat 2.9, Desired Signal Level = ~95 dbm
Freq SN S+I1+N Test Recelver Location and 1
Comb, N I+N Interferer Power lLevel (Watts)*

No. (d8) (dB) 1 2 3 4 5 6 -
IV~ 21 3 1.3 3.1 R 50 44 35 1
: 2 |13 R [ i

XX1Vy-4 20 1 1.3 3.} 60 R 44 33 Co .
1 R L4 35 )
XXIV-5(1) 23 8 1,3 2,1 60 50 R 39
12 R 35
XX1V-5(4) 21 6 1.3 2.1 60 50 R 35 3
9 R 35 ;
XX1V-6(1) 20 2 1.3 2.1 60 50 44 R 1
2 44 R 3
XXIV-6(4) 20 4 1.3 2.1 60 56 44 R %
) 3 44 R ;
F
E
x
i
i
1
3

inin

1 g

Lo

o A

*Blank spaces indicate transmitters off.
R - receivers connected to antenna indicated by column number,
Note: Numbers in parentheses are channe! numbers.
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OPERATIONAL SUBTESTS,

© Subtest 2.9.3

I[-21

Appendix 1

A W I T A ot . o

INTERFERER TSOLATION, -85 dBm

Desired Signal Level = -85 ddm

Freq S+N Test Receiver location and
Comb, N Inter{ever Power Level (Watts) *
No. (dR8) 1 2 3 4 5 [}
I-1 23 R 2.3 52 66 61 23
R 52 a1
R 2.3 52 66 23
1-2 23 1.8 R 5¢ 66 61 25
1-3 20 1.8 2.3 R 66 61 23
1,8 R 41
I1-4 20 1.8 2.3 52 R 61 23
1-5(1) 28 1.8 2.3 52 66 R X3
I-5(4) 22 1.8 2.3 52 66 K 23
I-6(1) 28 1.8 2.3 52 66 61 K
i-6(4) 26 1.8 2.3 52 66 61 ®
Iyv-1 3l R 1.9 48 42 “51 37
R 48 42
R 1.9 42 37
11-2 23 4.0 R 48 42 51 37
R 48 42
4,0 R 42 37
11-3 20 4.G 1.9 R 42 51 37
11-4 19 4.0 1.9 48 R 51 37
T1-5Q1) 27 4.0 1.9 4P 42 R 37
11-5¢4) 27 6.1 1.0 48 42 R a7
F1-&(1) 26 4,1 1.9 48 42 5° 14
5.0 1.9 42 R
TI~6(4) 24 4.0 3.9 48 42 51 R
" 4.0 1.9 42 R
111~} 21 R 2. 56 52 60 18
' 8 56 52
111-2 24 1.8 R 56 52 60 38
111-2 Outeide 1ntetferfnce
1114 21 1.8 2.1 56 R’ 60 38
1.8 56 3
IX1-5(1) b 1.9 2.1 56 52 R 38
113-5(4) 26 i.8 2.1 30 2 K 38
111-0(2) 26 1.5 2.2 54 54 59 R
15I-6(63 24 1.5 2.2 54 52 59 i

T R e s e

st .

Notz:

sy Rkl Sl vl Sy e UMY 1 - VL3 an U3 Rl i sk s 1 At ik

1-04

*3lank spaces indicate transmitters off.
B - receivers connected to antenna indicated by columan number.
Numbers in parentheses are channel numbers.
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TABLE T-21 (Continuod)

st 2,943 ————Resixed Signal Level = =83 din
Freq SN S+I+N Test Receiver Location and
Comb , N 14N Interferer Power Level (Wattsh
No. (dB) (dB) 1 2 > 4 5 6
V-1 21 2 R | 2.0 | 56 | 44 | 43 | 28 |
" 2 R L4 28
4 R 2.0 56 44 ;
iv-2 24 21 1.9 R 56 44 43 28
V-3 22 21 1.9 2.0 R 44 42 28
- 1V-4 22 22 1.9 2,0 56 R 43 28
IV=-5(1) 29 24 1.9 2.0 56 44 R 28
IV-5(4%) 26 24 1.9 2.0 56 44 R 28
IvV-6(1) 26 26 1.9 2.0 56 44 43 R
1V-6(4%) 25 23 1.9 2.6 56 49 43 R
V-1 21 16 R 2.0 57 43 56 18
V-2 23 18 1.7 R 57 43 56 38
V-3 Qutuide interference
. V-4 21 15 1.7 2.0 57 R 56 38
: v=5(1) 25 25 1.7 2.0 57 43 R 38
V=5(4) 26 26 1.7 2.0 57 43 R 38
. V-6(1) 25 25 1.7 2.0 57 43 26 R
V-6(4) 24 24 t.? 2.0 c7 43 56 R
VIi-1 21 0 K 1.0 45 67 52 23
0 R 67
; ) C 23 22 1.8 R 45 67 52 23
¢ vi-3 20 17 1.8 1.0 R 67 52 23
- Vi-4 20 11 1.8 1.0 45 R 52 23
VIi-5(1) 25 19 1.8 1.0 45 67 R 23
Vi-5(&) 27 21 1.8 1.0 45 67 R 2
Vi-6{1) 6 20 1.8 1.0 45 67 52 S
Vi-6(4) 23 19 1.8 1.0 45 67 52 R
Y11= 22 7 R 1.5 56 48 60 37
, bl R 1,5 56
i ? R 1,5 56 48
H ViI-2 z3 0 1.3 R 56 48 60 97
'1 0 1.3 R
| vir-3 Ougside ipterference
VIi~4 20 1 1.3 1.5 56 R 60 37
1 56 l [ 60

*Blank spaces indicate transmitters off.

**Note anomalous effect on number 4 transmitter (see text).
R - receivers connected to antenna indicated by column number.
Note: Numbers in parentheses are charnel numbers.
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TARLE 1-21 (Continucd)
Subtest 2.9.3 Desir:d Sigual Leve! = <59 dBm
r—— " .
Freg S+N S+I+N Test Recelver Lozacion and
Comb . N I+N interferer Powe: Level (Watts) *
No. (d8) (dB) 1 271 3 4 5 6
VII~-5(1) 24 1 1.3 1.5 60 49 R 36
1 60 49 R
VII-5{4) ] 25 1 1.3 1.5 60 49 R 36
60 49 R
VIL-6(1) 21 1 1.3 1.5 60 49 64 R
1 60 49 64 R
VII-6(4) 20 1 1.3 1.9 60 49 64 R
1 60 49 64 R
VIiIi-1 22 2 R 1.4 43 87 65 36
2 R 87
2 R 1.4 43
VIII-2 23 1 2,0 R 43 57 65 30
1 2,0 R 43
VIii-3 OQutside interfevercze
VIII-4 21 20 2.0 | 1.4 43 R 65 36
VIii-5(1, 24 24 2.0 1.4 43 87 R 36
VOUI-5(4) 25 25 2,0 1.4 43 gy |3 36
v OI1-6(1) 23 23 2.0 1.4 43 7 6% [
Vill-6(4) 22 22 2.0 1.4 43 87 65 13
Ix-1 22 10 R 1.3 50 50 51 38
I1X-2 22 0 1.4 R 50 S0 51 38
0 1.4 R
1X- 1 Qutside ipterfergnce
I1X-4 20 0 1.4 1.3 S0 R 51 38
2 1.3 R 51 38
[\ 50 R 51 3
IX-5(1) 25 1 1.3 1.8 36 54 R 42
4 1l.¢ 54 R 42
3 56 54 R 42
1 1.6 54 5¢ R 42
IX-5(4) 26 1 1.3 1.6 56 5¢ R 42
7 1.6 54 R 42
2 56 S4 R 42
1 1.6 56 54 R 42
IX-6(1) 24 1 1.3 1,6 56 54 51 R
1 1.6 54 51 R
1 56 24 51 K

*Blank spaces indicate transmitters off.
R - receivers connected to antenna indicated by colum

Note: Numbers in parentheses are channel numbers.
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TABLE 1-21 (Continued) :
Subtest 2.9.3 Desired Signal Level = -85 dBm ;
Freq S+N S+1+N Test Receiver Locatlon and §
Comb . N T+N Interferer Power level (Watts)x )
No. (dB) (dB) 1 2 3 4 5 6 :
Ix-6(4) | 23 1 1.3 | 1.6 S6 56 51 R j
1 1.6 54 51 R :
1 56 54 51 R :
' x-1 20 2 R 1.2 | a7 54 45 42
2 R 1.2 47 5S4 :
X-2 23 2 2.2 R 47 54 45 42 i
2 2.2 R 47 54 ;
X-3 Outside interference
X4 21 10 2.2 1.2 47 R 45 42
11 2.2 1.2 47 R i
X-5(1) 28 18 2.2 1.2 47 54 R 42
X~5(4) 26 16 2.2 1.2 47 54 K 42
X-6(1) 23 2 2.2 1.2 47 54 45 K
2 45 R :
X=6{4) 23 3 2.2 1.2 42 S4 45 R
3 45 R
X1-1 23 2 R 1.8 49 65 56 48
2 R 1.8 48
X1i-i 25 24 2.2 R 49 65 56 48
X1-3 Outside interference
X1-4 21 13 2.2 1.8 49 R 56 48
X1-5(13 28 26 2.2 1.8 49 65 R 48
XI-5(4) 27 25 2.2 1.8 49 65 K 48
X1-6(1) 25 21 2.2 1.8 49 65 56 K
X1-6(4) 24 20 2.2 1.8 4% 65 26 IS
XII1-1 23 23 R 2.5 67 65 47 3l
XI1~2 v 23 1.8 R 67 65 47 31
XI1-3 . 1 1.6 2.5 R 65 47 31
3 R 31
1 R 65 31
XI1-4 20 16 1.6 2.5 67 R 47 31
XII-5Q1) 27 25 1.6 2.5 67 65 R N
X11-5(4) 217 24 1.6 2.5 67 65 R ED
XI11-6(1) 25 2 1.6 7.5 67 65 47 H 3
2 67 K
- 5 y L b §
L : . i
*Blank spaces indicate transmitters off, G
. R - receivers connected to antenna indicated by colum nusher,
Note: Numbers in parenthescs are channel numbers.
7
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TABLLE 1-21 (Continued)

Subtegt 2.9.3 Desired Signal Level = --35 dBm
Freq SN S+I+N Test Receiver Location and
Comb . N I+N Interferer Power Level (Watts) *
No. (d8) (dB) 1 2 3 4 ) [

X11-6(4) 24 2 1.6 2.5 67 65 47 34
2 67 R

XI11i-1 22 21 R 2.1 5S4 70 51 23

X111-2 23 22 1.5 R 54 70 51 23

X111-3 Outside interference

XI11~4 20 20 1.5 2.} 54 R 51 23

X1I1=-5(1) 26 24 1.5 2.1 54 70 R 23

XI1I-5(%) 26 23 1.5 2.1 S4 70 R 23

XILl-6(1) 24 24 1.5 2.1 54 70 51 R

XI1X-6(4) 24 24 1.5 2.1 54 70 51 K

XIvV-1 22 12 R 1.8 56 51 46 43

XIV-2 20 15 4.0 R 56 51 46 43

XIV-3 Qutside interference

XIV-4 21 21 L 4,0 | 1.8 1+ 56 R 46 43

XIV-5(1) Outside interference

XIV-5(4) Qutslde interference

Xiv-6(1) 25 15 4.0 1.8 56 51 46 R

XIV-6(4) | 264 14 l 4.0 | 1.8 56 51 46 K

xV-1 Not obtained**

Xv-2 24 2 2.0 R S5 46h 45 36
2 |2 | w

XV=3 Outside interference

XV-4 22 2 2.0 1.3 55 R 45 36
3 2.0 1.3 R 36

Xv=5(1) 25 26 2.0 1.3 55 46 R 36

Xv=-5(4) 25 24 2.0 1.3 55 46 R 36

Xv~6(1) 25 8 2.1 1.0 48 45 49 R
8 45 R

AV-~6(4) 24 9 2.1 1.0 48 45 49 R
9 45 R

XVi-1 22 2 R 2.2 60 53 45 21
2 R 2.2 53

See text 0 R 60 53 45

*Blank spaces indicate transmitters off.

“*Alternate capture and release. See text,
R - receivers connected to antenna indicated by column number.
Note: Numbers in parentheses are channel numbers,
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L N s 1
§ TABLE 1-21 (Continued)
f :
3 Subtest 2.9.3 Desired Signal Level = -85 dBm 3
L3 Freq S+N S+I+N Test Recelver Location and i
b ﬁi Comb. ™ 1+N laterferer Pover Level (Watts)* §
1 % No. «@p) | (dB) 1 Z 3 4 5 6 3
3 2
1 s XvV1-2 23 13 1.9 R 60 53 45 21 j
. 13 XV1-3 22 20 1.9 | 2.2 R 53 45 21 i
i KVI-4 20 20 1.9 2,2 60 R 45 21 H
K XVI-5(1) 29 26 2.0 | 2.t 65 55 R 20
B XVI=5(4) 27 25 2.0 | 2.1 65 55 R 20
3 XVI-6(1) 25 17 2,0 | 2.1 65 55 38 R 5
E XVI-6{4) 23 17 2.0 | 2.3 65 55 38 R 1
1
XV11-1 i2 17 R 1.0 61 88 37 36 z
; XVII-2 23 2 1.4 R 61 88 37 36 ;
[ 6 R 88 36
2 R 61 37 36
4 XVIiI-3 22 18 1.4 1.0 R 88 37 36 :
AVI1-4 20 0 1.4 1 1.0 61 R 37 36 §
: 0 1.6 R )
: XVII-5(1) 25 25 1.4 1.0 61 88 R 36 ;
: XVII-5(4) 26 23 1.4 ] 1.0 61 88 R 36
XV11-6(1) 24 24 1.4 1.0 61 88 37 R .
t XVII-6(&) 24 24 1.4 1.0 61 88 37 R
i XVIII-1 21 0 R 2.6 45 16 5i 46 !
; 0 R 2.6 57 :
f 2 R 57 46 :
1 R 2.6 45 46 !
AVITI-2 23 10 1.7 R 45 36 57 46 :
1 R 45
XVIII-3 21 0 1.7 2.6 R 36 57 46
0 2.6 R 57 i
XVILII-4 21 20 1.7 2.6 45 R 57 46
XVI1I-5(1) 30 22 1.7 | 2.6 45 36 R 46 1
XVIII~5(4) 28 23 1,7 2.6 45 36 R 46 i
XVIII-6(1) 25 2 1.7 2.6 45 36 S7 R £
2 36 R ]
XVIIT~6(4) 24 2 1.7 2.6 45 36 57 R ;
2 36 R j
XIX-1 22 2 R 3.3 s5 44 66 17
2 R | 3.3 55 44
. 1
*Blank spaces indicate transmitters off. ;
R - receivers connected to antenna indicated by column numher, ;

Note: Numbers in parentheses are channel numbers.
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TABLE 1-21 (Continucd)

_Subtegst 2.9.3 Desired Signal Level = -85 dBm
Freq 34N S+14N Test Receiver Location and
Comb . N T+N Interferer Power Level (Watts) *

] Na. (dB) (dB) 1 2 3 4 5 6
XIX-2 23 2 1.4 R 55 bb 66 17
See text 2 1.4 R 55 b4
J XiX~3 23 18 1.4 3.3 R 44 66 17
XIX-4 20 19 1.4 3.3 S5 R 66 17
XIX-5(1) 26 20 1.5 3.2 58 44 R 17
X1X-5(4) 26 20 1.5 3.2 58 44 R 17
XIX-6(1) 24 18 1.5 3.2 58 L4 63 R
XIX=-6(4) 22 16 1.5 3.2 S8 44 63 R
XX-~1 20 20 R 2.7 48 57 57 44
XX=2 22 21 1.9 R 46 57 57 L
XX-3 OQutside interference
XX-4 20 14 1.9 2,7 48 R 57 44
XX=~5(1) 30 28 i.9 2.7 4B 57 K 44
XX-5(4) 28 26 1.9 2.7 48 57 R 44
XX-6(1) 25 15 1.9 2,7 48 57 57 R
XX-6(4) 25 15 1.9 2,7 48 57 57 R
XXi~-1 22 16 R 2.3 62 58 49 32
AXI~2 23 16 1.5 R 62 58 49 32
XX1-3 23 2 1.5 2.3 R 58 49 32
L] 2 2.3 R 58 49
XX1-64 2 18 1.5 2.3 62 R 49 32
XXI-5(1) 28 24 1.5 2.3 62 58 R 32
XXI-5(4) 27 23 1.5 2.3 62 58 R 32
XXI1-6(1) 26 26 1.5 2,3 62 58 49 R
XXI-6(4) 25 25 1.5 2,3 62 58 43 R
XX11-1 21 20 R 1.0 57 66 53 31
XXII-2 21 21 2.0 R 57 66 53 31
XX11-3 23 18 2.0 1.0 R o6 53 31
XX11-4 20 2¢ 2.0 1.0 57 R 53 31
XX11-5(1) 27 24 2.0 1.0 57 66 R 31
XXI1-5(4) 27 24 2,0 1.0 57 €6 R 3l
¥XI1-6(1) 25 15 2.0 1.0 57 66 53 R
XXI1-6(4) 24 16 2.0 Jr1.0 57 66 53 R
AXIII-1 20 0 R 2.2 69 72 38 12
0 R 69 38

*Blank spaces indicate transmitters off.

**Alternate capture and releasc.

Sce text.,

R - receivers connected to antenna indicated by column

Note:
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TABLE 1-21 (Continued)

Subtest 2.9.3 Desired Signal Level = -85 dBm
Freq S+N S+I+N Test Receiver Location and
Comb. N I+N Interferer Power Level (Watts) *
No. (dB) (dB) 1 2 3 4 S 6
¥XI11-2 20 12 1.5 R 69 72 38 3
XXIT1-3 Qutside Interference
XXI11-4 19 16 1.5 2.2 69 R 38 32
XXI1I-5(1) 29 1 1.5 2.2 69 72 R 32
2 1.5 69 R
XXI11=5(4) 29 1 1.9 2.2 69 72 R 32
2 1.5 69 R
XXIII-6(1) 25 19 1.5 2,2 69 72 38 R
XXI11-6(4) 25 19 1.5 2,2 69 72 38 R
XXIV-1 22 10 R 3.3 56 48 48 30
14 R 3.3
13 R 56
XXIV~2 24 0 1.5 R 56 48 48 30
0 1,5 R
XX1v-~3 23 19 1.5 3.3 R 48 48 30
XX1V~4 21 1 1.5 3.3 56 R 48 30
1 R 48 30
XX1V-5(1) 27 17 1.5 3.3 56 48 R 30
XXIV-5(4) 25 16 1.5 3.3 56 48 R 30
XXIV-6(1) 22 15 1.5 3.3 56 48 48 R
XXIV-6(4) 23 15 1.5 3.3 56 48 48 R
XXV-1 22 2 R 1.7 44 44 56 43
2 R 44 43
7 R 1.7 b4 44 56

XXV-2 24 0 2.0 R 44 44 56 43
0 2.0 R

XXv-3 20 1 2.0 1.7 R 44 56 43
2 R 44 56

XXV=4 20 [ 2.0 1.7 44 R 56 43
9 s R 43

XXV-5(1) 28 24 2.0 1.7 &4 44 R 43

TKV-5(4) 2 23 2.0 1.7 4Ll I R 43

XXV~6(1) 26 12 2.0 1.7 44 44 56 R
12 44 R

XXV-6(4) 24 11 2.0 1.7 44 44 56 R
11 44 R

*Blank spaces indicate transmitters off.

R - receivers connected to antenna indicated by column number.

Note: Numbers in parentheses are channel numbers.
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TABLE 1-22

OPERATIONAL SUBTEST, CONSTANT (S+14N)/(1+N) !

Subtest 2.9.3

treq S4N [S+I+N Test Recciver Lacation and !
Comb. S N I+N Interferer Power Level {Uatts) ot
No. (dBm)| (dB) | (dB) 1 2 3 4 5 6 !
t
1-1 4§ 23 10 R 2.3 52 66 61 23 ;
1-3 -] 22 10} 1.8 2.3 R 66 61 23 ~
11-1 -g0| 21 10 R 1.9 48 42 51 37 ;.
11-2 -64 23 10 | 4.0 R 48 47 51 37 :
11-6(1) -83| 27 10 | 4.0 1.9 48 42 51 K ;
111-1 -34 Insufficient power to obtain 10 dB (S+I4+N)/(I+4N). {
111-4 -7191 21 10 ] 1.8 2.1 56 R 60 38 !
Iv-1 -58 | 21 10 R 2.0 56 44 43 28 !
vi-} -50] 21 10 R 1.0 45 67 52 23 i
ViI-1 -84 | 22 10 R 1.5 56 48 60 37 i
-82 22 10 | R 1.5 56 *k L
VII-5(1) -47] 25 10 | 1.3 1.5 €0 49 R 36 ';
VII-3(4) -47] 25 10)1.3 1.5 60 49 R 36 y
VII-6(1) -4} 22 10 | 1.3 1.5 60 49 64 R !
VII-6(4) -721 22 101 1.3 1.5 60 49 &4 R {
V111-1 ~47}) 22y, 10 R 1.4 43 87 65 16 Pt
VIII-2 -824 23 10 | 2.0 R 43t 87 65 1 o :
1X-2 41 23 10 | 1.4 R 50 50 5) 18 p
1X-4 -68| 20 10 | 1.4 1.3 50 R 51 38 3
IX-5(1) -11] 26 10} 1.3 1.6 56 54 R 42 -
1X-5(4) -13| 27 10| 1.3 1.6 56 54 R ¥ .
1X-6(1) -68] 24 10 | 1.4 1.3 50 50 51 R
1X-6(4) -7¢| 25 10 | 1.4 1.3 50 50 51 R 3
X-1 -4 22 10 R 1,2 47 54 45 42 1
X-2 -77] 23 10 { 2.2 R 47 54 45 42 A
X-6(1) -79| 23 10 | 2.2 1.2 47 54 45 K | 4
x-6¢4) | -80{ 23 10 | 2.2 § 1.2 47 54 45 K 1 4
¥1-1 631 23| 10| R | 1.8 | a9 65 s6 | 48 | k|
Xxi-3 -771 21 10 ] 1.6 Z.5 R 5 47 31 :
*11-671) -74) 26 0] 1.6 2., 67 65 47 K !
XIT1-6(4) -75{ 25{ 110} 1.6 | 2.5 67 65 47 K ! :
Xv-2 -72] 24 10!} 2.0 R 55 46 45 36 f .
Xv-4 -81] 22 10 | 2.0 1.3 55 K 45 36
XV-6(1) -83] 25 10 | 2.3 1.0 48 45 49 R
* -801 25| 10] 2.1 1.0 45 R
XV-6(4) -84 24 10] 2. 1.0 48 45 49 K '
* ~81] 26} 10} 2.1 1.0 45 R ) _
XVI-1 -62| 22 10 R 2.2 60 53 45 2]

*S5ce text for discussion.
**Alternate capture and release. Sce text.
R - receivers connected to antenna indicated by column number,
Note: Numbers in parenthescs are channel numbers, ;
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R - receivers connected to antenna indicated by column

number.
; : Note: Numbers in parentheses are channel numbers.
F
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TABLE 1-21 (Continucd)
‘ Subtest 2.9.3
Freq S4+N JSHI4N V'I‘est Receiver Location and f
- Gomb, S N I+N Interferer Pover level (Watts) 3
No. | (dBm)} (dB)|(dB) 1 : 3 4 5 6 |
i XvIi-2 -l 2wl fe | R er | 88 | 37 | 36
XVII-4 a1 20 ] 10 1.4 1.0 61 R 37 36
: I11I-1 Insufficient power to obtain 10 dB (S+I+N)/(I+N).
111-3 -62] 21 ] 10 1.7 2.6 R 36 57 46
S VIII-6¢1) | -8a} 26 ] 10 1.7 2.6 45 36 57 R ;
111-6¢¢) | ~79{ 251 10 1.7 2.6 45 36 57 R
XIX-1 -82| 22| 10 R 3.3 55 44 66 17 H
XIX-2 -718) 241 10 1.4 R 55 4t 66 17 i
: AXI-3 -81| 23] 10 1.5 | 2.3 R 58 49 32
v XI11I-1 =712} 20 10 R 2.2 69 72 38 32
[11-5¢1) | -77] 30} 10 1.5 | 2.2 69 72 32 B
111-5¢4) | -78| 30| 10 1.5 2.2 09 72 32 K :
: XXIv-2 -781 ¢ | 10 1.5 R 56 48 48 30
! XXIV-4 -s0} 22| 10 1.5 3.3 56 R 48 30 i
: XAV-1 -64] 22| 10 R 1.7 44 44 56 43
XXV-2 -65] 25| 10 2.0 R 44 44 56 43
XXV-3 =51l 231 10 2.0 1.7 R 44 56 43 3
: XXV=4 -83} 20 10 | 2.0 | 1.7 44 R s6 1 43 3
n 4
: I i
i i
i K
; ;
i
.
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APPENDIX IT

QUANTITATIVE COMPARISON OF PREDICTED AND MEASURED DATA

This appendix provides a summary comparison of the measured
and predicted data and a discussion of various computations per-
formed to evaluate COSAM predictions. The following Table of
Contents for this appendix is supplied for the convenience of the
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reader.
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L3D-TR-73-01¢6 Appendix 11

MEASURED AND PREDICTED DATA

TABLE 11-1 is a summary of the data obtained by field mea-
surements, as extracted from tables supplied in APPENDIX T and
associated predicted information. 1n the Mcasured Value columns,
PO is the input desired signal in dBm; (S+N)/N and SINAD arc the
receiver output ratios, in dB, measured without and with simultan-
eous emissions from five transmitters, respectively. (See TABLES
I-17 through I-22 in APPENDIX I.) The major interaction column
refers to the major predicted interaction., The abbreviations em-
ployed are defined as follows:

AS: adjacent signal
SR:  spurious response

SR (NF): (not found): refers to a predicted spurious
response which was not noted as heing a major
interaction

SE:  spurious cmission

RIM: receiver intermodulation (3 rnfers to 3rd order,

etc.)

TIM: transmitter intermodulation (3 refevs to 3rd order,
etc.)

RIM APP,

IM AP: (apparent): indicates an apparent intermodula-
tion not predicted by COSAM

NOISE: indicates no significant interference from ary
specific transmitter

The numbers in brackets refer to the predicted significant
interfering transmitter. Where two numbers appear for an inter-
modulation interaction, a 2-signal mix was predicted; three num-

bers signify a 3-signal mix.

Both transmitter and receiver intermodulation were predicted
for every 2-signal, third, fifth or seventh order mix. TIM or RIM
was listed depending on which interaction was predicted to be the
more significant. RIM accounted for 13 of the 18 cases.

In the predicted values columns, S¢S is the predicted system
performance score (the probability of exceeding an output of 10 dB).
SINAD is the mean (S+I+N)/(I+N) output value (S ) of the predicted
distribution in dB. P
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General Comments

TABLE TI-2 summarizes the computed average values (B) and
standard deviations [o(A)] of the quantity Sm - SP, wiiere Sm

is the weasured SINAD output and §b is the predicted SINAD mean

| valuc. The condition errors indicate the number (and percent) of
the cases which resulted in zero conditions error, one-condition
! error, etc., as defined in TABLL 3-2,

The data in this table provide three different, though re-
lated, measures of comparison between measured and predicted
values., Examining all interactions, we note a mean difference :
value of -1,72 dB. This indicates that for all 561 interactions, i
on the average, COSAM predicted the output mean SINAD values to ;
be greater than the associated measured values, representing less :
interference by this amount. Considering the fact that all mea-
surcd values were reported to the nearest dB, the likelihood of
: somc measurement error, the fact that the average (rather than
' the precise) value of transmitter power was used, and the other
numercus uncertainties involved, it is concluded that -2.72 dB is
a negligibly small bias. This value compares favorably with the
1,55 dB mean deviation resulting from UIF validation (see TABLE
11-3).

The second measure, o(A), indicates the spread of the devia-
tions between the mecasured values and the predicted means.

Figure I1-1, is a cumulative plot of the distribution. The
value of o(4), for all interactions, is 5.6 dB, rcpresenting about
71.5% of the cases. A value of 10 dB represents approximately !
90% of the cases. This compares favorably with the 92% value for 4
the UHF validation reportcd in Reference 2 and also shown in Fig- 3
ure I1-1. The values of o(A) provide approximate measures of
deviations from the measured values which can be compared with .
each other, %

The third measure, involving condition errors, indicates that :
76% of all the cases resulted in no more than l-condition error,
whereas 92% of the cases resulted in no more than a 2-condition ; :
error. These results are identical to those in the UNF validation. ' 4

Examination of the individual interactions indicates that
B value magnitudes are less than 2.9 dB for 94% of the cases, : :
o(A) values were no greater than 6,2 dB for 96% of the cases. Ma- j 1
i ce, spurious emissions,

. [N i e Ad s 3 i
Jur disciepancies Jduc to adjacent signal, noi
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spurious responscs, and intermodulation intcractions are discusscd
below,

The measurces of condition crror provide somewhat cruder,
though meaningful, results than those provided by the B and o(4)
values. As scen in TABLE I[-2, therc werce 32 cases involving
~ 3-condition errors and 13 cases involving 4-condition crrors (a
total of 8% of what may be termed gross errors). These and other
apparently large discrepancies arce discussed in a following section, -

‘.duum«um..‘mq..,m,m.m b s R et e g

"EVALUATION OF O(SP)

_Figure 11-2 represents a measure of the relationships between

Sm’ Sp’ and a(Sp) (the standard deviation of the predicted SINAD

output distribution around §b). The probability value for 1 o was

)
£
4
3

about (.54 which is somewhat less than what would be achieved by
@ normal distribution, The vaiues for 20, 30, etc., are also

slightly less than what would be exhibited by a normal distribu-
tion. ' : g

The individual interactions were not analyzed in detail, but
it appears that, in 10 to 15% of the cases, the o (S ) values are

rclatively small compared to the associated values of ISm - §5|.

One possible cxplanation for the occurrence of small o (Sp)

values is worth noting. COSAM initially predicts output values of
[S/(1+N)] with an associated o. If severe interference is pre-
dicted, large negative values are computed. When these are converted
to SINAD values, most are found to be equal to or slightly greater
than zero. Hence, even if the o of the [S/(I+N)]o distribution is

large, the o of the SINAD distribution can be quite small. A simi-
lar situation arises if little or no interference is predicted.

The results of the analysis do not suggest that a change in
this aspect of the model would provide significantly closer agrce-
ments between predictions and measurements,

T

DISCUSSION OF INDIVIDUAL INTERACTIONS

This section discusses the results obtained by comparing the -
measured and predicted data compiled for cach type of interaction.
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Adjacent Signal

As noted in TABLE 11-2, and TABLLE 3-4, the values of B, o(A),
plc’ and Pye for adjacent signal interactions were -1.67, 5.04,

‘0.78 and 0.94, respectively. The values of B and o(48) for 225
- cases, suggest that the adjucent signal model is comprting a mean
value which is quite close to the measured values, with a small ,
optimistic bias. The v(A) value suggests that approximately 90% ST
of the mean predictions are within 6.5 dB of the measured valucs.
The Py value indicates that reclatively few gross errors can be

anticipated in this category, which involves the combined effects
of cross-modulation, desensitization, saturation and transmitter
noise. A discussion of applicable gross error cases will appear
in a following section.

Additional emphasis on cumulative cffects of transmitter noisec
appears to be desirable.

Noise

This interaction rcfers to those cascs where no apparent in-

S an w———

5
A
i
3
A
T

i

terference, due to a specific transmitter, was present. The valucs

of B, o(4), Pic and P, were: -2.77, 4.66, 0.80 and 0.92, recspec-

tively, for 75 cases. Many of these interactions predicted by

COSAM as being due to noise were cither not identified by the mea- i
surement agency as being duc to a specific transmitter or were é

identified as being due to four or, more frequently, all five trans-
mitters. Where no apparent intermodulation mixes could be iden-

tified, these interactions were presumed to be caused by the com- :
bined effect of transmitter noise, '

In a few cases (where only one or two interfering sources were
noted) involving Pd values of -105 dBm, COSAM SiNAD predictions, 1

said to be due to noise, were too high, indicating underestimation f
of transmitter noise effects,

Li it

Spurious Emissions

As noted in TABLE II-2 and TABLE 3-4, the values of B, ao(A),
Pies and Py for spurious emission intecractions were -2.32, 4.75,

0.84, and 0.93, respectively, for 44 samples. Of the 44 cases,
only three resulted in 3- and 4-condition errors. Two of the three

1L-14 3
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cases represented the same emission (interaction number 22-5) mea-

sured at Pd = =95 dBm for both the normal and interferer isola-

tion data sets. This emission, from the AN/PRC-25 transmitter at
position onc, is the fifth harmonic of the 11.55 Miz oscillator
frequency (5 x 11.55 = 57,75 Miz). The AN/PRC-25 was tuned close
to this frequency (54,10 Mlz), resulting in a spurious cmission

" “level which was less than the average amount assumed by COSAM,
- This resulted in less interfercnce being predicted than was actu-
- ally measured.

The other large crror case (interaction number 25-1, Pd=—85 dB)

involved a second harmonic from the AN/GRC-163 transmitter at posi-
tion five, As was the case above, COSAM predicted less interfer-
ence than was measured. This suggests the need for a reduction in
the AN/GRC-163 second harmonic mean rejection value (by approxi-
mately 10 dB). Unfortunately, no other spurious emissions of this
type from the AN/GRC-163 were included in the field test. There-
fore, no change in the model is warranted.

Spurious Responscs

TABLES I1-2 and 3-4 1list the values of B, o(4), Pic and Py

for spurious responsc interactions as -0.93, 6.77, 0.72, and 0.90,
respectively, for 61 samples. Thesc values show an improvement
over the corresponding results found at UHF [(B, o(4), Pies and

Py of 1.51, 7.10, 0.64 and 0.87, respectively, for 63 samples)].

Of the 61 VHF cases, only six resulted in 3- and 4-condition errors.

The only case (interaction number 5-1, AN/PRC-25 TLR, Pd=-85 dBm)

where a spurious response was predicted but not measured in the
field may be of interest. The predicted response was identified as
ap=5,q=6 (+) mix, as defined by the following equation:

pFlo * Fif
Fop = = (11-1)
where:
qu = Frequency of the spurious response, in MHz
Flo = Local oscillator frequency, in Miz
11-15
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rs
t

if Intermediate frequency, in Miz

i®

11.5 MHz for this case

Ps 4 Harmonic identifying integers

This particular spurious response was measured at only one
of the three tuned frequencics tested for the AN/PRC-25 spectrum
signature. It was included in COSAM but labelled with a special
*"low probability" flag provided in the model for questionable
interactions. A check of spurious responses measured during : )
bench tests of the TLR AN/PRC-25 units (Reference 4) rcvealed no ' y
5, 6 (+) responses found. Therefore, this response will be re-
moved from the COSAM equipment file,

Intermodulation

Review of Dpata., Intermodulation effects represent a ra-
ther complex problem of interpretation, since a number of inde-

_ pendent parameters arc involved. TABLE II-4 is an expansion of
the data presented in TABLE I1-2. One would have preferred to
have a larger sample size for certain interaction types on which
to base generalizations, but this would have required a much more
extensive test. :

Receiver Intermodulation. The small bias (B) magnitude and
high p2C values for all receiver intermodulation interactions sug-

gest that the RIM model and equipment parameter values are adequatc.

A number of additional 2~signal 3rd order interactions were
included in the frequency plan but difficulties due to external
interference reduced the number considerably. Several 7th order
cases were also included but none were noted as being significant,

Several interesting cases should be mentioned in which inter-
modulation apparently occurred during field measurements but was
not predicted.

In order to determine the effect of second-order intermodula-
tion products centered at receiver intermediate frequencies, assign- ;
ment number 18 was deliberately designed to include such a product. i
Specifically, terminal numbers 2 and S had frequencies assigned -
which differed by 11.5 MHz, the common intermediate frequency for
all TLR's. All TLR's except 2 and 5 should, therefore, experience
this IM interaction, if the product does indeed exist. TABLE I-21

st st s Al U AR g b i

ol e g
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TABLE 11-4

INTERMODULATION VALIDATION MEASURES

ALL IM

RIM

2-Signal RIM
2nd Order
3rd Order
Sth Order
3-Signal RIM
3rd Order
5th Order

2-Signal RIM
{Apparent)

3-Signal RIM
(Apparent)

TIM

No. of Total %

B o(4) Pac Cases Cases
-1.42 6.30 .89 156 27.8
-1.27 6.32 . 89 151 26.9
1.11 3.47 .98 62 11.1
0.89 3.68 .98 49 8.7
2.20 1.93 1.00 4 0.7
1.85 2.46 1.00 9 1.6
-0.39 6.06 .92 60 10.7
-0.21 6.79 .90 50 8.9
~1.29 2.88 1.00 10 1.8
-9.11 6.05 .65 20 3,6
-6,12 4,20 .07 9 1.6
-6.05 2.93 .80 5 0.9

e r ke e e sy ——
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indicates that the intermodulation product was present at TLR
numbers 1 and 3. A spurious responsc was dominant at TLR number
6 and the IM was nat noted. The IM was probably present at TLR
number 4 but was not noted in interferer isolation subtests
(TABLIS 1-19, 1-20, and [-21). A noise interaction was predicted
but the low measured (S+1+N)/(I+N) values suggest the presence
of some other interaction, probably the IM,

H

The CQSAM receiver intermodulation interaction model (Equa-
tion II1-17) will be expanded to include products of the form:

b ek il [

(I1-2)

F = ImFil + anI

i IF

where:

F .. = first intermediate frequency of the subject
receciver, Miz

i F , F = interfering frequencies, Miz

integers

m, n

T

m+n = ovrder of the intermodulation product

[PPSR SR

Additional studics will be necessary to define the appropriate
parameter values. The preliminary model given below will be used
until such time as the model is finalized. 1t gives reasonable

- : accuracy {*6 dB) for the test cases of assignment 18 in this study. !
= - - - - ' _ }

Pim m(Pa Ba) + n(Pb Bb) BIF Km,n (11-3) !

{ where: :
2 H
f
’ Pim = power, in dBm, of the intermodulation product :

produced in the receiver

m, n = integers (Same as Equation II-2) :
Pa’ Pb = power level, in dBm, of undesired signals : T
; B, Bb = off-frequency rejection in dB, a function of i

the undesired frequencies (Fa, Fb)’ receiver
tuned frequency (FR), and circuitry between

the antenna input and RF amplifier,

I1-18
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Test link rcceiver 25-3 experienced an intermodulation inter-
ference of a type not normally predicted by COSAM. 1Its tuned fre-
quency, 30,4 MHz, was onc channel removed from the fourth order
product generated from transmitters 5 and 4 at 34,55 MHz and 73,2
Mz, respectively (3 x 34,55 - 73,2 = 30,45 MHz). Even ordered in-

termodulation

because they are rarely measured in a spectrum signature. A pre-

diction could

order parameter values for these cquipments been known. Some
study is underway to derive the theoretical relationships between

the different
to modify the

until such time as the studies are completed and the resulting
mcthods are validated,

The nine
tion resulted
desired signal
four combinati

was of the form:

!

52.3

This differs f

culated by COSAM, and restricted to:

F

r i

where:

110 Figr Fis

RIS L 0 Rl o bt

T off-frequéncy rejection in dB, a function of

PR SR PR

Appendix 11

the intermediate frequency (FIF)’ tuned fre-

quency (FR), and circuitry betwecen the RF

it e s e bk SRS NRR: Fr” WE

amplificr and first mixer.

= receiver RF amplifier conversion loss (same as
LEquation I11-17)

o I e e e Ul el

vl ot R s Bt it o

products higher than the second are not predicted

PREPRTHNT AT

have been made using Lquation III-17 had fourth

i M,

ordercd nonlincar parameters. It is not necessary
model to include these even ordered IM interactions

G - a3 e

cases of apparent three signal recciver intermodula-

from only two TLR's, numbe¢r 14-1 measured for five
level combinations and number 19-1 measured for

ons. Both were fifth order. The TLR 14-1 product

3 x 40.3 - 36.1 - 32.5 MHz ' (11-4)

P i SR S

A
Vo

rom thosc 3-signal RIM interactions prescntly cal-

= onEyy m Fph v Ry R

y
¥
5@
9
3

= receiver tuned frequency, Miz

= frequencies of the tarce interferers, MHz

-

R B R e
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n = integer; 1, 2, or 3 where IM order = 2n + 1

The fifth order product at TLR 19-1 also differed from
Equation [I1-5. It took the form:

(F =~ F - F
Fl = 1.(14 15) 12

32.9

2(73.7 - 40.2) - 34.1 (11-6)

All nine ¢f the resulting cascs would have been predicted with an
accuracy of 46 db had they been calculated. Therefore, the CUSAM
3-signal RIM model will be expanded to include possible IM pro-
ducts in addition %o thuse defined in Equation II-5,

Transmitter Intermodulation. Five cases where transmitter
interncdnulation (TIM) was predicted ta be dominant over RIM re- :
sulted in values of 3, a{4i), LI and Py of ~-6.05, 2.93, 0.6(, and :

0.80 respectively. Noine of the cases resuited in a large dis-
crepancy. The B and o(4) values suggest a consistent underestina-~
“tion of TIM interference levels. Unfortunately, the small sample
size for TIM does not support a recommendation for model chaage.

1t is somewhat surprising that the resultin_ B magnitucde value is
high because the COSAM TIM model fits the measured data hetter than
any of the other individual interaction models. Uncertainties in
the coupling predictions (o for coupling was ¢.1 dB) are believed

to be the cause of these errors. v . v ' ‘ . ¢

EVALUATION OF LARGE DISCREPANCIES ‘ e

TABLE II-% lists the 56 cases (of the total of 561) where the )
absolute value of the difference between the measured SINAD and : :
the predicted mean was greater than 10 dB. Thirteen of the cases vl
had differences less than 11 dB. Nine of these cases resulted in
only a 2-condition ervor.

The positive values of dB and condition errer differences ;
indicate that the measured SINAD ratic was greater than the mearn Co
prediction, resulting in a pessimistic bias. Negative vaiues express '
the converse situation.

TABLE II-¢ summarizes the results noting the various inter- i
actions and whether they indicated too much interference (+) or . ?
too little interference (-). ¢
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LEVALUATION OF

TABLE 11I-5
LARGE DISCREPANCIES
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20 -0% 3o, hd ~15.0 -2
2-4 -85 | 3 S1g-3rd : 13.9 -3
e -199%1 3 S1y-3rd 12,0 2
a-2 -95 2 Siqg RIM-ABP -15.3 -4
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H-44 1091 A5 1 =10.,7 -3
' 6-1 -9 AS 2 10.8 3
[T ] =105} AS pd 9.5 3
G- 0 -4 AS ~11.0 -3
Li-6 -49n ni ~12.9 -3
-2 -y Sk -15.9 -3
PR -85 | 2 S1g-snd -14.0 -3
10-2 -8 3 Sig-lrd -19.3 -4
10-¢ -9y s B1g=lrat -10.,3 -2
102 -99 Srg-s1d -12.4 -3
1= -9 NOISE 2 -12.5 -3
11-% =99 An 1 -10.3 -2
1.1 -4, | Sk 32,8 2
12-3 -85 | sp —140T -3
- =105 | AS 1 -15.8 ‘\} -4
MR =1t g AL 1 ~10.0 s -2
14-1 -8 ! Mg RIM=APP 3 -1u.u -2
s 14-1 -9 $ 51y RIM-APE 3 -10.7 -3
DS K T -45 1 13.0 3
14-1} «RY 7 S1g HuM=APP -15.0 -3
16-1 -2 2 Y1 RIM-APP -11.3 -2
16-3 -9 AL -10.0 -2
14,-6 -85 sR 11.6 3
17-1 -5 AS 1 =10.0 -3
18-1 ~HY 2 Sig KIM-APP k) -21.7 -4
1b=-13 -8% 2 S19 RIM-APP 3 -11.6 ~2
18-4 =105 | NOIGE/RIM-APP 3 -13,0 -4
14-6 =89 SR -20.2 -4
18-¢ -95 SR -10.1 -2
19-. -8" 3 Si1g RIM-APP 3 -12.9 -3
19-2 -85 AS ~13.5 -3
19-2 ~78 AS -11.% -2
Jy-3 ~99 A’ 1 ~14.,4 -2
19-3 =95 AR 1 -11.9 -3
19-¢ -89 Al 12,06 K}
21-2 -94% NGISEH 1 -16,9 =3
21-1 ~105 | NOISE 1 ~15.4 -4
4)-a -9 NCISE 1 ~1%, -4
LZ-Y -7 SE - ~13.4 -~
23-4 -995 L % 12.2 H
21-6 -9 AS ~14.4 -y
24-1 -84 <t 4 -14.4 -4
2%-1 -é,4 SE 1 -11.2 -2
29-3 -6 2 531 FIM-AVE H “1K.4 -4
253 %1 S19g FIM-AIY 3 =154 -7
256 -y J A 1.0, -2
e d PSRSVIY SISO
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TABLE 11-5 (Continucd)

NOTES:

1. Insufficient transmitter noisc levels, due to multiple
- transmitter emissions, predicted.

o 2. Large anomaly between normal (TABLES 1-17 and 1-18)
and Interferer Isolation (TABLES I1-19 and I-20) subtest mea-
surcd data for identical configurations,

3. Biscussion and recommendation in RIM individual inter- ; ,j
action subsection. .%
4. Discussion in spurious cmission individual interaction
subsection,
5. MEASURED SINAD for P = -95 dBm greater than corresond-
ing SINAD for PD = -85 dBm,
' i
!
!
|
|
4
{
‘ :
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TABLE 11-6

SUMMARY OF LARGE DISCREPANCIES (> 10 dB)

P R ‘
kil G W iy ot icnnaiiiaE ik Al fi el il s

Interaction Total (+) Total (-) Interactions

: Spurious Responses Kl 4 8
'SR Predicted/Noted 3 4 7

SR NF 1 0 1
Spurious Emissious 0 4 i
- - 4
IM (Total) 2 19 21 E
2-Signal, 2nd Order O 1 1 3
3-Signal, 3rd Order 2 6 8 b
2-Signal, App 0 9 .9 1 2
3-Signal, App 0 3 3 3

Adjacent Signal 4 14 18

Noise 0 5 5

10 46 56

LS o T

4 -

e Y
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Most of these large error cases were due to the coupling pre-
diction model. As stated carlicer, the coupling model bias was 1.4
dB with the rather large standard deviation of 8.1 dB., 3uch large
uncertainties in coupling prediction will undoubtedly result in
- some cases with large errors. llowever, therc were only 10% such
—cases in spite of the large coupling uncertainties. ,

.
Ll T
o bt e it SRR

-
i3

~ Note on Population Composition 7 ' R 4
The significance of any statistical analysis is necessarily - | ’?
- dependent on the sample size und the nature of the sample. Ideally, : :
the sclected sample will be representative of the real world with - e
the result that conclusions drawn from the analysis will be appli- O =
cable to the real world, £
TABLE 11-7 reflects the distribution of measured SINAD values g
and predicted SPS values. The distributions are not uniform and E
arv, in fact, denser at the extremes than at the center, As can be ‘%
scen, only 23% of the SINAD cases lie hetween 5 and 12 dB. :
TABLE I1-7 o . .
POPULATION DISTRIBUTION ' :

| __Measured SINAD Values Predicted SPS Values ;

Condition No. SINAD (dB) | No. | % SPS No. | % ;

i

A > 18 70 {12 .81-1.00 | 147 |26

B > 12; < 18| 67|12 .61-.80 | 48] 9

C > 7; <12 87 1 10 .41-,60 52| 9 i

D > 4; < 7 az| 7 21-.40 | 49} 9 !

E <4 417295 53 .00-.20 ) 265 47

Considerable effort was devoted to generation of frequency .
assignments that would result in a uniform distribution of output |
SINAD values and would, in addition, provide approximately equal
numbers of all of the types of interactions noted in TABLE I11-2.

In operational situations, existing cosite assignments will
probably provide SINAD ratios greater than 12-15 dB for a lar,.

11-24 _
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percentage of possible interactions, For those cases where in-
terference is cxpected (usually avoided by not activating cer-
tain transmitters simultancously) most SINAD ratios will nrob-

~ably be below 4 dB, Similarly, most real-life assignments will
not contain as many c¢ffects due to spurious responses and emis-

—.sions and intermodulation as were deliberately inserted into the
“test assignments. Most cosite frequency assignments are made
essentially at random with major emphasis on adjacent signal sep-
aration. The Navy selects UHF frcequencies from lists which are
frce of two-signal 3rd, Sth and 7th order mixes.

e

In other words, typical situations represent reasonably S
cleav-cut cases of degradation and/o: no degradation., The chance
of a marginal situation is rather remotc.

Conscquently, the distributions indicated in TABLE II-7 are
probably morc homogencous in the middle range than would be
expected in actual operating conditions. This feature was de-
sirable to test the model over all possible ranges.

1f, however, a more rcalistic population range had been
employed, therc would probably have bheen even more "bunching”
at the extremes. And, since fewer spuriocus rcsponses and emis- !
sions and intermodulation cases (the most difficult to predict) i
would be present, the number of gross crrors (those involving
more than two interference-condition errors or more than 10 dB
between the measured value and the predicted mean) would probably
be smaller than the number recorded in TABLE I1I-2.

3
d
B |

L]

1
4
A
4
E")
E
E

o il & it oo ¥

However, whether Pye is precisely 0.92 or 0.95 or greater is

it e g

not of particular concern. In general, it has been shown that
the chance of committing a gross error is small. 1n opcrational :
situations, the likelihood of such an error is believed to be ;

even smaller,

COMMENTS ON_MEASURED DATA ADEQUACY

The preceding analysis presupposes that all of the measured
data were correct and accurate to within 21 dB or better. Apparent
prediction e¢rrors or large variations are assumed to be due to the
analysis program rather than the measurements.

However, a review of the measured data, independent of the
analysis, indicated numercus items that could either be explained
by measurement inaccuracies or large variations in performance of
specific ecquipments. The second hypothesis is assumed to be the
probabic cxpianaiion.

11-25
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The requirement for interferer isolation determination, which
was added after testing was started, resulted in 110 cases being
remeasured.  Investigation of these data will reveal the degree

~of repeatability achieved with the test configuration. Measured
"SINAD differences of 2 dB or less would be expected for a re-
© . ‘peatable test. TABLE I1-8 lists the distribution of measured
~ TSINAD value differences for all these repeated cases. The per-
__centage that were repeatable, based on the 2 dB or less criterion,

is 80.9%, B8.2% of the cases experienced differences of 7 dB or . f
greater, revealing the variability inherent in equipments such as T

these.,

In gen~ral, COSAM component models are based on laboratory
type measurements. The variations among equipments suggest that
a4 minimum error of at lcast 5 dB will be inherent in any predic-
tion model. This uncertainty is somewhat compensated for in COSAM
by statistically varying desired signal, interfering signal, and
ambicnt noisc levels,

Several cother cases could be cited involving possible mea-
surcment error. For example, several cases of "apparent" 2-signal
IM which were not predicted by COSAM could not be attributed to
any identifiable mix, If an crror had been made in measuring any
of the frequencies involved, this would have accounted for the fact
that COSAM did not properly identify the interactions. 1

If all of the anomalous situations referrcd to above had been ;
climinated from the validation analysis, COSAM predictions would i
have been even closer to measured values,

Tt is concluded that som¢ mcasurement errors may have occurred
and that, at best, the measured equipment performance was inconsis- ;
tent during the test (sce TEST RESULTS, APPENDIX I). These factors X
affected the results of the validation analysis to some extent but, :
in another sense, also indicuted the range of uncertainty the ana- ;
lyst may expect in cvaluating the performance of specific nomencla- :
tures., Large variations can cvidently be anticipated, requiring a
Scatistical description of the input paramcters as well as a sta-
tistical description of output performance.

INTERPRETATION OF PREDICTED SPS VALUES

The preceding material provides the major results of the anal-
ysis. Many morc detailed evaluations could have been made and, the
measured data (and the analyses) will be re-evaluated in other con-
texts,

11-26
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: TABLE 11-8
DISTRIBUTION OF REPEATED MEASUREMENTS

oo - | |sINAD,-SINAD |, dB No. %
0 38 34.5

‘ 1 38 34.5
Y 2 13 11.8

3 S 4.5

4 3 2.7
. 5 4 3.6
7 1 0.9
8 1 0.9

9 3 2.7

10 2 1.8

12 1 0.9

16 1 0.9

SINAD, is value measured during tests with all
interferers on, (TABLES 1-17 and 1-18)

SINAD. is corresponding value measured during
" interfercr isolation tests. (TABLES I-19
and I-20)

11-27
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The final siubject to be considered is the practical problem
facing the COSAM uscr.  When he secures an SPS value, how much
confidence can he place in it?  And what action is indicated?

- In coarse terms, it is belicved that the analysis huas shown
~that if the SPS value is greater than 0.6, the analyst can be
Teasonably certain (with confidence level greater than 0.92) that
-intolerable interference (i.c., a SINAD value less than 4 dB) will
not oceur. Similarly, if the SPS is less than 0.2, he can be rea- oy
sonably certain that good or acceptable performance (i.e., SINAD
~_wvalues greater than 15 or 12, respectively) will not occur,

v b et e 8

¥

' 1f the scores lie between 0.2 and 0.6, he should indicate
that marginal performance is likely. The term '"marginal" means
that although there is & possibility of either adequate or intoler-
able performance, the situation is not a desirable one and should

be improved, if possible.

It at all possible, "fixes" of one kind or another should be
sugpested which will bring the scores ahove 0.9, Then, despite
’ Cuncertainties, once will be reasonably certain that, at worst, an
! output SINAD of at least 10 dB will be achicved. -

o Rl Lde L A e e
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APPENDIX 11| S
e THE COSITE ANALYSIS MODEL (COSAM) 4
. INTRODUCTION 3
COSAM s an automated system model used to evaluate the electromagnetic ;
compatibility of a single site where a large number of transmitting and receiving
communication equipments are employed. Such a "co-site’” EMC analysis must take into
account the close distances between antennas, and the high level of undesired signals present -

at receiver inputs and transmitter outputs,

THE (S/(1+N}},,, CONCEPT &

1 The parameter [S/{I+N)}],., is calculated by the COSAM program for each receiver i

s specified in the analysis. This parameter is defined as the effective input on.frequency signal l
to interference plus noise ratio resulting from any of, or the combined effects of, the five
types of interactions predicted by COSAM. These interaction types, listed below, are
calculated by COSAM for each receiver versus the transmitters specified in the analysis:

boadad

Adjacent Signal.

Receiver Intermodulation.
Transmitter Intermodulation,
Receiver Spurious Response.
Transmitter Spurious Emission.

YT e T P

AR T S R

el WAL

Three variables are invoived, S is the desired signal power {P4); N is the ambient
noise power level (P,); and | is the sum of effective input on-frequency interference power
levels (X P, ). Py is the effective input on-frequency interference power leval due to a
single interaction. The summation invoives a conversion from dBm to watts; when the ]
addition is made, the result is reconverted to dBm, We have:

[S/(1+N)] o = 10log (P /(P +ZP | (111-1)

. When Py, P,, and P, are expressed in watts the ratio is in dB,

-1
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1IN ¢o site situations, teauenues of interfering signais witl nout be equdl 1o the desired

signal {receiver) frequency However, equations dare supplied for cach of the five interactions

which convert input values of P, (at f,) and P, (at f,) to P, permiiting conversion to

{S/(1¢N)} .. . This can then be easily converted to [S+I+N)./{i+N)], commonly called
“SINAD, for the model output,

~ DEG RADATION CONSIDERATIONS

Operational degradation is a somewhat loosely defined term which implies relating
such parameters as recever output S/{1+N) or (S+1+N)/{I+N) ratios to measu.es that will be
meanmgful to users, desigoers, and analysts. One of the most commonly used measureg is
; the articulation score which s the percentage of a standard word list that can be recognized
2 as a tunction of output (S/N) ratio.

{

The COSAM model computes the statistical distribution of the desired signal, the
“noise, and each P, . Since the anticipated output SINAD is therefore aiso statistical, an
_articulation score measure ts used 1o select a SiNAD ihreshold. The COSAM mode! then

computas the probability of exceeding this threshold. This gives a numerical “'score’” upon
which the user may base his decision as to the seriousness of degradation to a system, A
threshold value of 10 dB, which corresponds to an articulation score of approximately 70%,
is cornmonly used. . i

L gty LR A skl e SR AR L L L bR ¢ A
¥ 2 , g S T e

CRTIV IR

S bt et

COSAM provides three numerical scores, discussed in more detail below. See
Figures 111-1 and 111-2. The upper performance score (UPS) is the probability of providing
“adequate’” or “‘good’ performance if no interference is present. The system performance
score (SPS) s the probability of sdequate {or good) performance in the presence of ; ;
interference. The relative performance score {RPS = SPS/UPS) provides the user with ‘
another measure which, in conjunction with the other scores, gives additional understanding
of receiver pertormance. For example, if the SPS were 0.4, one would predict poor
performance. However, if the UPS weve also 0.4, RPS = 1.0, and it can be seen that the
inadequate desired signal would be the major problem, ' -

!
i
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I
PROBABILITY

N (55

ZEd

Omax
(i%!)o—"' , N a8

for a Given Receiver (Upper Perform-

(]

Figure l11-1. Representative Distribution of( SN
ance Score Calcufation) N

S+N Se+ieN

y 1*N

NOTES 1

) are threshold values of signal plus noise-to.nolse, and signal pius
DT OT

INlerteranca plus HoIse-to interfarence plus Noise ratios, respectively,

L 2. The scores, irom 0 10 1, are the cross-hatched area dividsd Dy 1ha total ares, fOr esch curve.

3. To account for variable dynsmic ranges, the maximum values of (s_’—'—') and (Ef_':.'i are
]

1+N

specitind by the user. Celculatsd values ashovs the meximum sppesr st the maximum,

PROBAMLITY

Figure 11-2. Represenzative Distribution of( SL';N ) for a Given Receiver (System

Performance Score Calculation)
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DEGRADATION COMPUTATIONS

Receiver detector transfer function equations are used to convert input [S/(1+N}]
- ratios to output {S/(1+N)] ratios. The following relationships have been tentatively
established (the heading for each case lists the desired signal first and the undesired signal

second}: .
AM . AM s
[T { A \:
[ =] = l—§— -8 ‘ (tt-2) :
LIEN UI#N [ine : EE
AM - NOISE
g | {g ) . : |
e — + 10 Log BW + 11 : 1H-3) :
N I!o ‘ I*N Jino I Mhr o ( . -
. |
B
(.Sl . S +5 (111-4)
| N, (N [ino P
FM - NOISE
v s :
s VoL 3] 4y (111-5)
NI R T
SS8 -SSB8 AND SSB - NOISE '3
(.5— | (11.6) 3
\ vt )o I+N }lno 33
CALCULATION OF MEAN POWER LEVELS | !
As mentioned above, equatinns are used to convert off-tune interfering powers te - ! ‘
on-tune mean P, values for the five types of interference interactions considered. In order ‘
10 use these equations (presented below) the power present at a victim receiver due to each : ]
!
{ i
-4
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. ntertering transinitter must be calculated. COSAM calculates coupling loss by one of wo
methods depending upon the CQ-SITE instaliation, i a greund or ship installation is beiny

.., anaiyzed one method 15 used. If, on the other hand, the installation 1s an aircraft, a second
~ method must be used so t'.at coupling around the aircraft fuselage may be considered.

Cougling lass, as defined below, includes the gains of the antennasasweil as the space loss
. between antennas.

Ship Varnd Lant Coupling Loss

The statistical expression tor shig and land coupling ioss as used by COSAM is:

o o3 2y W R NN 0 A A e T

C(1.2) =  —G{1)-G(2)-37-60sin?0 + 20 (1+sin?0) log,, (dfl  ((11-7a)
. 4P (1-sinv)?, { 2 30 MiHz i
where: < =GI1 G(2)+514 2010, (1 +.0226 df) HITh)
, HAP (L sind)?, 1-.30 MiHz
C(1,2) =  Mean coupling loss between antennas 1 and 2,

(dB). This is the vaiue which, when subtracted
from the interfering transmitter powver. (dBm),

Sl L B Iandis i i i, we

; ' “gives the received interfering power (d8m).
G(1).GI2) =  Gainsin dB of antennas 1 and 2, respectively
d = the distance between antgnnas, in feet '

i the frequency of the transmitted signat, in MMz

i AN 1 L N R s 5 Y et o 3 e SR 305

P T ——
<D

= the vertical angle between antenna positions, in

degraes (See Figure 111-3)

P = polarization factor {1 for cross polarization, O otherwise) 5

. 1

Each antenna location is identified by its X, Y, Z cooordinates (in feet). An example

; . is given 1n Figure Hi-3,illustrating the computation of 9;

3
i

|
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7 ANTENNA Mo )
1K Ty I , "
. s
N .
4
L ,
S —— i SRS SO .
/’/ o
yd
: Figure 111-3.  Antenna Coord 'nate System for Shipboard and Land Contigurations
2, -2 R
A= aresin -*:»;---—--l . R o LR ,“”.‘8)
d o G — X, 4 (Yg = Y04 (2 - 2,0
If 6 = 0, Equation(l1-7) reduces the free spece equation minus 7 dB. The statistical
distribution of (1117} is assumed to be normal and 8 value of standard deviation is supplied.
Aircraft Coupling Loss
The expression for coupling fuss un an aircrafi assumes tha* antennas are o7 of above
a perfectly conducting cylindrically or conically shaped airframe. ‘The geometry of the
-airframe is depicted in Figure 111-4. Someof the features are:
1. Raised antennas on stabilizer only
2. Cylindrically shaped body
3. Conically shaped tail section
The expression for mean coupling 1oss Is:
C1,2) = —GI1)-Gi2)-37.9 + 20 Log, , (df) + CF (111-9)
111-6
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:180°

ANT No |

RADIUS : a

Figure 111-5. itlustration of Cylindrical Terms
9

Figure 111-6. Geometric Mean Cylinder
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3
where: i
GI1),GI2) = Antenna gains (dB)
d = . shortest distance in feet along the surface of the :
© " cylinder between the antennas (Figure 111-5) ?
Ty

- | (s";ﬁs)}/ f

e Sl s o

L ]
£ = frequency in MHz
a = radiusof the cylindrical airframe’in feet. {f the .

airframe is conical, a = \/a, - a, , the geometric ;
mean radius. (See Figure 111-6) :

CF = curvature factor which is a function of the variable y

y = 764x10" {(n./k)&"! | i

Jam |}

NP PPN N

0 = the angle in degrees separating two planes that contain
the longitudinai axis and the trafnsmitting and receiving
antennas, respectively

Z = thedistance in feet separating the projections of the
transmitting and receiving antennas on the longitudinal !
axis ' !
A = wavelength in feet of the transmitted frequency

1

A curve of y versus curvature factor (dB} is used in the computation of path loss due
to curvature around the cylinder. A special case of coupling is also considered. This is
illustrated by a raised antenna {e.g., on a stabilizer) which is not line-of-sight with an
antenna on the airframe, The minimum separation distance between the antennas is the sum
of the straight line portion from the raised antenna to a tangent point on the cylinder plus
the curved helical distance from the tangent point to the antenna on the cylinder.

s

111-9
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The statistical distoibutior for (-9} s aiso assumed to he normal and a standard
deviation value s supplied.

Antenna Couplers

The otf-frequency rejection loss [3{C)] due ta antenna couplers is assumed to be that
ot N cascaded single-pole Butterworth bandpass filters and is given as follows:

| IR f 2
{1Cy = 10N Log,, |1+ O‘l STl {111-1C)
L, f, + Of
where:
N = The number of tuned stages
Q - The quality factor or ratio of reactance to
resistance of the circuit
f. =  Tuned frequency of the circuit {MHz)
28 - Operating frequency minus f, (Mi{/)

Powar Loss Computation

To compute the mean received power at the input to the receiver (R,) due to a single
intarfering trunsmitter {T,) the following is used:

P, = P, (T\)=B(C,)-C2) —HC) (11-17)
where:

F_’o = mean transmitter power output, in dBm

?’, = mean received power, in dBm
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The variance (0?) of the P, distribution is:
0P (P) = P (Py) +a? [C(1,2)] : (11-12)

Losses of all significant paths are checked. For example, if T,, T3 and R, form a
third order IM triplet (discussed below), such that:

2f, -1, = A,

we say that a transmitter IM (TiM) product as wel! as a receiver IM (RIM) product will be

formed. Further, T, is the "victim’' transmitter in the TiM triplet and T, is the interfering
transmitter,

To compute the mean TIM power at R, we must first compute the power at T, due
to T,, using Equation(i11-11). Briefly, a new product is said to be generated by T, at
“frequency f,. Equation(ill-11)is then used again; however, this time Af wilt be f, — f, and
f, = f,. B(C,) will be assigned a nominal value of 1 dB to account for coupler insertion loss.

Computation of mean RIM power levels at f, and f, will involve consideration of the
paths from each transmitter to the receiver.

It T, has a spurious emission, Equation(111-11) is employed in the same manner as in

the case of a TIM product. Adjacent signal and spurious response computations also employ
Equation{l11-11) as indicated.

COMPUTATION OF P, VALUES

Adjacent Signal Interference

The equation for the mean value of the effective input on-frequency interference
power level from an adjacent signal is:

Pro = P =P +(1-M)(Py —R, -5 (111-13)

where:

P, = input undesired nower, in dBm

-1
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R,
P

Values for 4, M,
data.

Spurious Responsss
The expression for
Pina
where;
Pine

%

Appendix (I

= eftective off frequency rejection (due to Af}, in dB
= input desired power, in d8m

= avalue of the slope AP,//AP,,

= 1.0,P, < Py

< 10,° > P,

= receiver sensitivity, in dBm

= aspecified interfering power break point

and R, are obtained from equipment spectrum signature measured

spurious rasponse calculations is: '

s
"

(1-aq) R, +q P, - B,) S (-a)

= the etfective on-tune interference power, dBm
= input undesired power, dBm
= receiver sensitivity, dBm

= eftective spurious response rejection, dB

=  apositive integer which represents the harrnonic
of the spurious frequency

— — A a1 o e -
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Y Note that if g = 1, f-’.,m 15 simply F’, - ;—i.. However, if q = 2, an increase of 10dB in
P, will result in an increase of 20dB in P,,. Limited measured data supports this
hypothesis for the p = 2, q = 2 response. Digital equations are used 1n COSAM to determine
- the various receiver IF and local oscillator (LO) frequencies as a function of tuned
E}L trequency. The spurious response frequency is then calculated as a function of the IF and
£ . LO frequencies. S e ' o
Spurious Emissions

&

: The expression to compute the spurious emission power at the receiver takes the
: form:

¢

{ Pio = Py =B —B1C)~C, —1 (111-15)
where:

; Pio = the effective on-tune interference power, dBm

i P, = transmitter power, dBm

f B. =  effective spurious emission rejection, oB

v

) B(C,) =  oft-frequency rejection due to the transmitter

E coupler, dB

‘é

' C., = coupling loss betwesn transmitter and receiver due

E»i to antenna gains and path loss, in d8

g The value of 1 dB represents the insertion (oss of the receiver coupler. -
i :
Transmitter Intermodulation

The transmitter intermodulation power is given by the equation:

E

' le = mP, +n(P,—ﬂv;)"Km,n"ﬁw ““'16)

¢ o
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where:

P = power level in dBm of the iM product at the
transmitter at frequency f,

P, = output power tevel in dBm of the victim transmitter : . - >
signal at f, R o | "
F, = . received power level in dBm of the interfering . . =

transmitter signal at f,

wn il e

i, = oft frequency rejection in dB, s function of
frequency difterence between f, and f,
and the victim transmitter output selectivity

Km o =  transmitter conversion loss term for the m+n
order case -
B, = off-frequency rejeciion irs dB, a function of

the difference between f, and f, where
t, = fin,and { is the tuned
frequency of a victim receiver
mn = integers
fim = mf, —nf,
Values for K, , K; , and K, ; have been computed from spectrum signatures,
Recsiver Intermodulation
The receiver intermodulation power is:
Pm = m(P, ~f.)+n(P—5,) - K, . {11-17)

where:

P, = power, indBm, of the intermodulation product
produced in the receiver

11-14
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- STATISTICAL METHODS

g AR e - T TS

m, n = integers (same as Equation 111-16)
P,.P, =  power level, in dBm, of undesired signals

B...8, = off-frequency rejection in dB, a function of the :
: difference between undesired frequencies and e
receiver tuned frequency {f,), where

fr & flm
f, = mf, — nf,

Kﬂs, n

Values of K|, . Kz, , KS' L and K" 3 for the first mixer, and K"' ) K’2’ ' K'3’ 2

and K', | for the RF ampiifier, have been computed from spectrum signature data.

%

receiver RF amplifier or first mixer conversion loss

Applicetion of Monte Carlo Vechniques

Each of the five interactions results in intermediate predicted distributions of P, P,
and P, at the input to the receiver. In order to account for certain non-linearities in the
receiver, specific power break-points have been specified in the adjacent signal and receiver
intermodulation equations. For each equation, if the interfering power level exceeds the
break-peint, one constant (M < 1 or K'm'n, respectively) is used; if it does not, another
gonstant (M= 1 or Km,n, respectively) is used,

It is anticipated that the P, distributions will frequently include values above and :
below the break-point(s). Ccnsequently, a Monte Carlo procedure is used to-select a single P, ’}
value from the computed distribution by employing a random number generator and, : ;
depending on the vaiue, the appropriate equation is selected. The process is then repeated R
rmany times to compute P, and [S/(1+N)}n, .

In brief, one receiver is selected; an interaction table is examined to determine which
transmitters are potentially significant. Then, for each interaction, the appropriate P, P,

and other parameter distributions are selected and a single value chosen from each by means
of a random number generator.
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A single value of P, is computed from these values; the next interaction is
considered, using the same points, as applicable, and so on. This process is termed a “‘run’”,
Then, tor the same receiver, approximately 1,000 runs are per‘ormed, eventually resulting in

~ a predicted {(SH+N}/(1+N)], output distnibution. Each receiver is considered in the same
manner.,

ey ‘.ﬁ" ‘l";- 3 i S gl o o

Computation of {S/{1+N}],..

Each run (of the many runs per receiver) contains a hst of computed P,,, values. .
TABLE 111-1 itlustrates some typical results.

TABLE 111-1

TYPICAL P,,, OUTPUT VALUES

RECEIVER NO. 1

Trans. No, Type Run 4o 1 1 Run No. ? .- Aun No, 1000 'ino

No 2 AD) SI1G. -120 ~-125 -123 ~-1272

No, 3 ADJ, SiQG, 100 —-104 -102 -193

No, 4 ADJ. S1G. [:1] -90 -87 ~ 89

NG, © SPUR._ AF SP, 130 -124 ~128 -127

No, & SPUR. EMISS, 126 -130 -128 ~128

Nes, 7 3 rd,. ORDER - 110 -%12 ~114 -112

No. B TImM

No, ? 3rd. ORDER - 100 -9 -98 - 96

No. 88 AIM

re

L— ing

°y T -74 -78 ~76 —75('2,)
lv -108 ~1v2 ~110 ~110 (P )

n n

Each column in TABLE l11-1 contains a list of P, values for each run, The last o
column contains the mean value of P,,, due to each interaction. The program considers !
each run separately and computes the sum of P, . Also included are values of P, and P,,.

Hi-16
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These distributions are not computed by COSAM, They are assumed for each problem and

may be changed for different situations. [S/(I1+N}],., is then computed using
Equation {111-1). '

A distnbution of [S/{1+N}], values is determined using the appropriate transfer

~ tunction (Equations 111-2 through 111-6). This distribution is then transformed to a SINAD '
distribution as follows:

SINAD = [(S+HI+N}/(I1+N}], dB = 10 log,g [ 1 + 100 [S/I+NYio] g

{1i1-18)

After the computation of each receiver’'s degradation scores (Figuresil!-1 ang t11-2}, a
print is given summarizing the results of the interference analysis. The average P, values

tor each interferance situation are given along with the three degradation scores C\ p:ot 0‘
the SINAD distribution is also printed,

‘\,'

After all receivers have been examined, a final print lists all receivers and their
associated scores.
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APPENDIX 1V

ANTENNA AT-912/VRC ANALYSIS

BACKGROUND

This appendix contains a description of antenna AT-912/VRC,

“aleng with an analysis of its off-frequency operating character-

tstics, Antennas of this nomenclature were used in conjunction
with the eguipment at positjons 1 through 4 during operational
field subtests. The various measures of comparison between mea-
surements and predictions of antenna characteristics are also

agescribed. Finally, a summary of major results of the antenna
analysis is provided.

AT-Q]@/VRC DESCRIPTIQN

Antenna AT-912/VRC (References 8 § 9) is a ten foot, center-
fed vehicuiar whip designed to operate as part of a VHF (30-76 MHz)
communications sct. The external appearance of the center-fed whip
differs little from the common base fed whip. PReferring to the
simplified schematic diagram of Figure IV-1, its principal features
can be summurized as {ollows:

1. The impedance matching problem is solved by divid-
inz the froquency range into the ten fairly narrow bands shown in
TABLE 1V-1, by providing a separate fixed-tuned network for each
of the bands at the basc of the antemnna, and by switching to the
proper matching network by mcans of an automatic remote control
activated by the frequency sclect control of the radio set.

TABLE TV-1

AT-912/VRC FREQUENCY BANDS

Band Frequency Band Frequency
Ne, Range (MHz) No. Range (MHz}
1 30 to 33 6 53 to 56
2 33 to 37 7 56 to 00
3 37 to 42 8 60 to 65
4 4z to 47.5 9 65 to 70.5
5 47.5 to 53 10 70.5 to 76
1v-1
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Thus, the feed cable from the anternna to the radio
set can be of arbitrary lcength, No manual tuning is involved other
than depot (5th echelon) maintenance level adjustment of the match-
ing networks to achieve a standing wave ratio (SWR) smaller than
3:1 over the entire range.

2. The vertical antenna is fed near its center through
a coaxial cable (RG-63 B/U, 125 ohms characteristic impedance) aud
terminated at its lower end into a bifilar choke. Its reactance
can he varied by shorting taps of an- inductor connected in paral-
lel with the bifilar choke sccondary, which itself is connected
between the antenna base section and the vehicle body. A switch
ganged with the stepping switch for the matching networks automa- -
tically seclects the proper reactance value for each band. This :
permits controlling the current distribution along the lcower sec-
tion of the radiator below the feed point to place a current node
at or near the lower end of the antenna in all bands, The result-
ing currcent distributions are shown in Figure IV-2. As a result,
the distortion of the azimuth pattern and the loss caused by un-
intentional excitation of the vehicle body are minimized. Most
importont, the decoupling actually achicved between antenna and
vehicle body is sufficient to make differences in impedance due
to vehicle type, mounting location and ground corditions negligibly
small. As a secondary effect, the power gain with respect to the
field strength on the ground, as compared to a base-fed antenna,
is improved noticeably at the upper end of the frequency range.

3. The proven mechanical advantages of the whip con-
figuration are not compromised. There are no moving parts, telc-
scoping secctions, or lumpcd reactors in the whip itself.

ANTENNA MATCHING UNIT MX-2799/VRC

The antenna band selection switch, base loading reactance,
and matching networks are all contained in a separate, removabie
housing with nomenclature MX-2799/VRC. The hqusing has threaded
inserts to permit mounting on a varicty of vehicle types. A han-
dle provides ease of meintenance and alsc provides physical pro-
tcotion for the two sealed connectors mounted near it. The de-
tailed MX-2799/VRC schematic diagram of Figure 1V-3 shows that
each of the 10 mat hing networks has cither one or two variable
(piston trimmer) capacitors for tuning, Approximatc component
values are given for the remaining capacitors and inductors. Fifth
echelon maintenance instructions (Refercnce 12} call for adjust-
ment of the variable capacitors of each network to obtain a SWR (50 -
ohm system) of 3:1 or less within the applicable frequency sub-band ‘
in TABLE IV-1,

1v-2
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Appendix 1V

COUPLER SELECTIVI'TY MODEL X

/

As noted in Section 3, the coupler sclectivity model used was

~bused on a single set of {ficld measurements {Reference 7).  The
cocontfiguration consisted of two AT-912/VRC antenngs sceparwted by A
approximately five feet., Combhrined matching unit, antenna, and R ETPRIRE

piath losses were measurcd versus frequency with both co-mounted
antennas tuned to band 1. The tests were repeated for the other

ninc bands.

The coupler sclectivity prediction model was derived by sub-
tracting path loss from the measured loss value gnd then ascuming
that half the resulting value was due te cach coupler. The coupler
selectivity medels for the ten frequency bands are plotted as a
solid line (labelled USACPG Data) in Figures 1V-4 threcugh 1V-13.
These sclectivity models werce used for the COSAM predictions de-
scribed in APPUNDIX IT1.

SELECTIVLITY MODEL VALIDATION

AVCO Bata - ECAP

In-band antenna impedance data for vach of the ten frequency
bands are presented in Refercnce 9 and reproduced here as Figure
Tv-14. The data reference point is shown as A-A in Figure IV-1.
Impedance data at this point includes the c¢ffect of the bifilar
choke along with its variable shunt inductance., This effect may
be noted as discontinuous curves between frequency bands in the
plot of Figure 1V-14. FExceptions are bands 5, 6, and 7, and bands
£ to 9, which are continuous,

It was possible to arrive at a MX-2799/VRC coupler selectivity
model by combining the measured antenna impedance data with the
matching unit circuit diagrams of Figure IV-3, The out-of-band
antenna impedances for each band position werc assumed to be approx-
imately e¢qual to the in-band impedances measured for each of the
remaining nine positions. The error resulting from this assump-
tion was small compared with the other uncertainties involved.

Matching unit variable capacitor values (JFD Model VC32CGW,
0.8 - 18 pf) were sclected analytically such that the 3:1 in-
band SWR requirements were met (where possible). Bands 1, 3, 4,
7, 8 and 9 each contained onc or more in-band frequencies for
which the SWR could net be reduced to below 3:1. Capacitor values
for these bands were selected for minimum SWR. The analytic method
utliized the blectronic Ciicuit Analysis Program (BCAP, Refarence 10)
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ECAP was then used to derive the coupler rejection curves labelled
YAVCO-ECAP" in Figures TV-4 through 1vV-13.

Band 6 was chosen to study the selectivity model's sensitivity
to changes in tuning capacitor scttings. The ECAP analytic method
was used to determine capacitor C613 and (614 values which would
satisfy the 3:1 SWR criterion., Wide variation in the resulting
coupler rejection curve (Figure IV-15) was found, depending on
the capacitor values assumed. It is felt that rejection charac-
teristics for the other nine hands are eqgually sensitive to tuning
capacitor scettings., ‘This tends to explain differences in off-
tuncd coupling measured in Reference 5 and the large (8.1 dB)
coupling model standard deviation.

TRACE

Sclectivity data were measurced between the input and reference
point "A-A" for cach of the ten bands of a MX-2799/VRC antenna match-
ing unit loancd to FCAC by USMC for this purpose. Matching unit in-
put and output impedances (50 ohm load) and antenna impedances were
also measured.  These data were processed by the Transmitter/Re-
ceiver, Antenna, Coupler livaluation (TRACE) analytic model to arrive
4t a second, independent sct of selectivity curves for validsation
purposces,  TRACE is a computer program which can, among other func-
tions, arrive at a statistical sclectivity function for an antenna/
coupler/transmission line system given 30 ohm inscrtion loss data
and impcdance data mecasured at selected points throughout the sys-
tem (Reference 11). The statistics account for variations in the
sclectivity function duc to varyiny transmission line lengths and
tuning clement values. The resultant mean selectivity values are
plotted ° . Figures 1V-4 through 1V-13 and labelled "TRACE'.

SPECTRUM STUNATURE

Far-ficld power density measured data were included in the
AN/VRC-12 spectrum signaturce for six of the ten ATC-912/VRC bands,
Data was recorded in 10 MHz frequency increments in order to get
the coupler rejection to be expected out-of-band. ‘Iwo samples
were tested.  The results are plotted in Figures 1IV-4, 6, &, 9, 11
and 13 and labelled “SPECT., ST1G.'".

RESULTING REJECTION MODEL

Coupler reicction variabilities shown in Figures 1V-4 through
1V-13 and Figure 1V-15 suggest the need for a statistical AT-912/
MX-279¢ vcjection model. The individual band mean valuc models,

IvV-i
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which will be incorporated into COSAM, arc plotted in Figures IV-16
through IV-20. They were derived by averaging all the individual
curves described above. The in-band standard deviation will be on
the order of 1 dB; a standard deviation of 5 dB may be expected

out-of-band.

CONCLUDING COMMENTS

Several replacement antennas for the AT-912/VRC have been
devely, ed and deployed recentiy. They may be used interchangeably.
One “7ach antenna has the nomenclature AS-1729/VRC. 1t has a match-
ing uait vhich was redesigned from the MX-2799 so that the num-
ber of components could be reduced, thus improving reliability.
This is mentioned herc bccause the newer designs do nc. have the
out-of-band selcctivity incorporated in the AT-912 design. There-
fore, it is somectimes advantageous to usc the older model (AT-912)
from an EMC standpoint. EMC analysts should be made aware of this
fact. )
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SECYION

INTRODUCTION

BACKGROUND

Reference | describes a cosite anaflysis model (COSAM) de-
signed to statistically evaluate interactions between communica-
tions cquipment. The first phase of model decvelopment dealt pri-
mirily with conventional UHF-AM transmitter/recciver systems which
employ single chiannel voice modutation. Validation of this portion
of the model is documented irn References 2 and 3.

The second development phase dealt with single channel and
muitiplexed FM transmitter/recciver systems at VHF.  Transmitter
and recciver cquipment models were derived from spectruwn signa-
ture measured data. A coupling model was developed from measured
VHIE coupling data (Reference 6). : '

Although the model components were bascd, primarily, on cquip-
ment and coupling measured data, a full scale validation program,
conducted in sceveral phases was desirable to determire how well
the overall COSAM system could predict costte situations.

Conscquently, a measurement program involving ViiF equipments
was conducted by the U.S. Armv LElectronic Proving Grounds (USAEPG),
Fort Huachuca, Arizona (Reference 4).  Supplemental tests were con-
ducted at the Naval Electronic Systems Test and bEvaluation Facility
(Reference 5).  This report compares -the measurements obtained during
this program with predictions made using COSAM.

The original intent ot the cffort was to validate the COSAM
rrogram for simulated operational contigurations of equipments for
which no spectrum signature data were available. If this were pos-
sihle, the desired independence ot model development from measired
cquipment data could have been determined.  AlL tactical VHE eqguip-
rents fall into one of three or four basic designs.  Equipments
ol cach desgn have been measured 1n the spectrum signature progriam.
Attempts to obtain cquipments of different les gn, such as commer-
caadosand mobile VHE-EM cquipments, for this validation program
wiere not successful . Consequently, the effort was necessarily
v ted to vatidation ot the prediction program relative to equ:p-
coot . with the same nomenclatures as those for which measured data,

Che wpectrum signature type, were previnusly available.  Three-
e ointemodalation measured data were not gvailable from the

S awnerure program. so that, for this type of interaction,

ehttasned representt g test oof capab) lity to estimate por-

o st oy mie eariinent o
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Most available measured data are, at best, small samples of

cquipment performance. In geacral, spectrum signatures involve
limited ranges of frequency separation and input power levels
for adjacent signal, transmitter and recceiver intermodulation,
and spurious responsc and spurious emission tests. ‘They also
involve limited samples of cquipments of the same nomenclature.
The data do not necessarily represent the bchavior of ail the
receivers and transmitters at all frequencies in the tuning
range.

OBJECTIVE

The objective of this study was to compare measurcd data
with predictions made by the ECAC COSAM VHF-FM prediction program
for the purposc ot validating the predictive technique, and to
provide quantitative descriptions of confidence in the model and
its various components. The objective was necessarily limited to
a consideration of equipment for which measurced spectrum signa-
turc data was available.

APPROACH

The wajor findings of the measurement program were described
and comparcd with COSAM predictions. Several measurces were uscd
to indicate how well the analysis results comparcd with the measure-
ments, '

Measurcd conpling data were compared with results of the COSAM
coupling model.  The average difference hetween the measurcd and
predicted mean values wus noted; the standard deviation of the
differences was calculated. '

, The overall model bias and the associated standard deviation
were also provided. Model bias is defined as the average value
aof the differences hetween the measured SINAD output values and
the asseciated predicted mean values.  (The term SINAD represent.
the siunal-plus-interference-plus-noise to interference-plus-
e e ratto, or (S+{+NY/{i1+N}, where S refers to the desired sig-
e teamer o boge the effective sum of all interference and distor-
Poors ctteors and 70 reters to noise.)  The summation is made in

ot , !
s determyeed that cvery interaction could be identificd
P e el teoa speci e mechanism, that 15, adjacent
et T three-apnal ointermodulation (2nd,
Sl e VO P LW IeSPoNsSes ol Transmitter

Sracoand o rated ctandard deviation valhes
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SECTION 2

RESULTS

The VHE-FM CNSAM system predicts operational degradation:
accurately in spite of the liarge number and the magnitude of the
uncertainties involved. The major results, in terms of agrcement

between measurements and predictions, werc as follows:

1. A comparison of 460 measured coupling values and
associated predicted mean values resuited in an average difference

-~ of 1.4 dB, with a standard deviation of 8.1 dB.

2. The system model pias for 561 SINAD dlstrlbutlon
predictions was -1.72 dB, implying a small tendency toward predic-
tion of too little interfercnce. The standard deviation was 5.6 dB.

3. An cvaluation of the intcractions identified as being
due to cach of the specified mcchanisms indicated that, for 86% of
the cascs, the bias value magnitudes for each mechanism were less
than 2.4 dB and that standard deviation valucs were less than 6.3 dB.
The bias valuc magnitudes were less than 6.2 dB for 94% of the cases.

4. As shown in Figure 2-1, 90% of all of the cuases re-
sulted in differcences between measured SINAD values (Sm) and asso-

ciated predicted mean values (gﬁ) of less than 10 dB.

5. Results of the bin method, depicted in Figure 2-2,
indicate that, if SPS is a predicted value, there is 90% confi-
dence that SPSm will lie within the interval SPS * 0.225, where

SPSm is the mcasured value of SPS.

G. Results of the Interference Condition method, using
a S-condition scale, indicated that COSAM results were within one
condition for 76% of the cases and within two conditions for 92%
of the cases.

7. Using the results of the coarser Interference Con-
Jditton method, the probability of a COSAM prediction resulting in
aopross error is less than 0.08. (A gross crror is defined as
situation where a prediction will indicate acceptable or better
pertormance when o measurement indicates intolerable degradation,
or the converse situation.)

2-} - REPRODUCED FROM
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The interaction identifications provided in TABLE 1I-1 refer
only te the major mechanisms predicted by COSAM.  Tn many cuscs,
SPS values are influenced by more than one mechanism and more
than one transmitter. Conscquently, cven though, for cxample,
an adjacent signal or a spurious response is identified, the
score may retlect the effects of other transmitters and other
mechanisms,

-

MODEL VALIDATION

Evaluation of Coupling Predictions

As noted i1n APPENDIX I, 460 coupling measurements werce made
among the 6 untcennas.  Four of the antennas were connected to
MX-2799 antenna couplers, which provide 10 tuning positions.

Four tuncd frequencies were used in conjunction with four tuning
positions of the couplers. The bias was approxXimately 1.4 dB;
t.e., measured values, on the average, excecded predicted vilucs
by this amount. The standard deviation was approximately 8.1 dB.*

Note that the coupling values for a large majority of the
measurements included the attenuating cffects of the couplers,
The coupler scelectivity model was based on 2 single set of mea-
sturements made at Fort Huachuca several yecars ago (Reference 7).
The anstruction manual for the coupler (Reference 12) indicates
that the device 1s matched to the antenna and the transceiver bv
cnsaringe that an input VSWR of 3:1 is not cxcceded. The mutchin;
procedure involves adjustment of one or two capacitors in cach of
the ten networks.,

ror a farge majority of the coupling measurements, both couji-
lers were in off-tune positions relative to the measurement fre-
quency.  APPENDIX IV indicates that the matching procedure can
result an circuits which eanvhave considerably different off-{re-
guency rejection characteristics from one coupler to another. Trans-
mission fine length can also have a significant effect. Variations
an to 12 dB are possible.

Fviduation of the coupling data suggests that prediction crrers
can be attributed to the combined effects of antenna-to-antenn: cou;-
Frog and ancenna coupler selectivity.,  Eighty percent of the total
casiple anvolved cerrore less than 10 dB; approximately 91% ¢f the
saanple amvolved errors less than 15 dB.

P predycted mean values lave not been tabulated with the me:d-
iov due, Prodesrred s one can pertorm this COmpATtiaen, asing
i e ePEND T Bquation 1Hi-7 00 APPEAD T PHD, and
e S o ARPEND RO I D Talie T ed USARPG data. The mean
et el s tne cdqiatior were oo AR for the whin oarnd
i L} LR r : '
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Reference 6 indicates that a standard deviation (o) of 6
or 7 dB can be cxpected for the antenna-to-antenna coupling
model. The uncertainties involved in coupler tuning can be
expected to increcase this value to at least ;8.1 dB, which was the
computed standard deviation, '

It is of interest that the path betwcen antennas #1 and #4
consistently indicated errors involving too little loss as com-
pared with predictions. The orientation of the antennas (including
the cffects of antenna #3 on the jeep; secc Figure I-1) evidently
resulted in increcased gains over this path.

Conversely, combinations 1-2 and 3-4 (on the jeep) cxhibited
more loss than was predicted.

However, the uncertaintics involved with coupler selectivity
suggest that there is no justification for modifying the coupling
model. A revised statistical coupler loss model which will pro-
vide slightly more accuracy, is presented (Figure TV-19 to 1V-23),
but it appears that no gencralizcd model for the configuration in
question could be devised which could reduce the overall o to a
value of less than 7 dB.

In general, the small bias valuc suggests that the models of
path loss Lud couplcs sclecti.ioy Gre pyedicting averuge values
adequately.  Some improvement in the coupler model (involving
transmission line length and average values of the tuning capaci-
tors) will be achieved by incorporating the revised statistical
model.  Construction of improved coupling models for specific con-
Vipratiops Jioe., different orienrations relative to a jeep or
some other obstacle) does not appear to be warranted.

Evaluation ot JdB Variations

As andicated, S61 STHAD output distributions were predicted
and comparced with the same ntober of measured SINAD output values.
Bacho measurecent 1o sard to be o sample of cach distribution.

We wish to determine how well the distributions represent the
measared values.  This i1s a rather unusual problem in statistical
analysis.  Instead of having one distribution to evaluate, we have
a family or distributions,  The methods appliced in the following

abeoectons were developed in Reference 2.

REPRODUCED FROM
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The model bias (BY i+ defined as follows:

| N
= - A (3-1)
B v 1 “
i=]
where:
Ai = the ith value ot 5, minus the ith value of
i
S . indb
P
'M = the measured output SINAD value, in dB
S = the predicted output SINAD mean value, in dB
|9
N = the number of samples

B, therefore, represents the mean deviation, or the average
ditference between the measurced values and the associated predicted
mean values, in dB. A positive value will indicate, on the average,
that the model is predicting too much interference. A value close
to cero would be desirable.

The second test pertformed wias the computation of o(4), defined
ac follows:
/2

-

-
1
afay - I:: (B - &7 /N (3-2)

M

;00 as defined as the standard deviation of tho S, - ?) distri-
* !

bation and provides a measure of the sprend of the deviations from

the mean. A plot of the ¢aumulative distribution is given in Figure 2-1.

bxamination ot the plot provides the percentage of the total which is

less than any specitied dB level.

e vilues of B oandd (A, for all of the measurements and the
carsous oanteraction catepories, provide partial validation measures.
i vense, they represent the confidence one can place in the mod-
ot abrioty o ro opredict omedn values.

A thred test was cwploved to determine the characteristics of

S the tanstard-deviation of the predicted distribution rela-
toothe aboolure vibue ot 5 Q). A cumulative plot of the
i ;
J-6
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relationship is given in APPENDIX 1T, Figure IT-2.

Evaluation of System Performance Scores (SPS) .

COSAM's primary output is a numerical“estimate of operutional
performance. That is, the SPS is the probability of excceding a
specific SINAD threshold value (10 dB, in this study), which is
relatable to an Articulation Scorc (AS) or an Articulation Index
(A1) valuc. In other words, the predicted probability distribution
is merely a means to an cnd. If possible, one would prefer to have
a straightforward mathcematical measure of the quality of the SPS
scores, as compared to the measured SINAD values.

As indicated, two approaches to this problem werc adopted,
namely, the Bin Method and the Interference Condition Method,

The Bin Mothod. Abl of the SPS values were placed in bins,
or groupings. Several bin sizes were cxamined.,  Twenty (20) bins
were adopted since this value provides an approximately cqual num-
ber of scores in cach bin, except for the first and last bins. A
larger number of cqual bin sizes provided essentially ‘jdentical
results,  TABLE 3-1 indicates the number of cases in each bin, N,
and average SPS value associated with cach bin, SPS, together with

the percentage of total cases per bin.

Also provided is the number of cases for cach bin for which
the measured SINAD values exceced the threshold of 10 dB, NT' Then,

we noted the quotient of N /N, defined uas SPSm.

The thirst and last bain are consitderably larger than the others.
This was because a large number of predictions were either zero or
Foo, accounting for approximately 30% of the total.

The Tast column, SPSm - SPS represents another possible mea-

cure. Over halt ot the Jdifferences arce negative, indicating that
the model predicted too little interference.  The average valuce of
the <t terences was approximately 0.1 suggesting that, on the aver-
ave, predooted SPS vatues will be too high by this amount.

Pooure b0 o o plet of sbsoversas SPS . The diagonal line
' . n )
fecrrhe o the resadb et an pdead node]l would provide i it were
bobaree homcyeneonas popanlation,  That is, since the SPS
the srobab i ot eoceeding 10 dB, then by definition
i ot
T AR R E A
‘ f
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A measurc of model error, jn terms of SPS units, can be
obtained by subtracting the values of SPSm from the correspond-,

ing values of SPS on the idealized curve. At the lower values
of SPS, there was a tendency to predict too much interference,
while at the mid and higher range values, the converse was truc.

Figure 2-2, a cumulative probability distribution of errors
(20 values), as defined, is constructed of data from the previous
figure and TABLE 3-1. The ordinate probability values rcfer to
the percentage of total cases (561) for which a specified error
was notced.  The smoothed curve provides an estimate of model
error. As can bhe scen, for 90% of the cascs, an error of less
than 0.225 SPS units was noted. In practical terms, this indicates
that the uscer can be confident that a prediction of SPS will be
accurate within 20,225 SPS units (for cxample 0.5 * 0.225) with

- 90% confidence. [f other confidence levels are required, they may

be taken from Figure 2-2.

The smoothed curve in Figure 2-2 is the cumulative distribu-
tion function of a truncated normal distribution with a mean of
0.116 and a o of 0.085.

Interference Condition Method. The Bin method provides an
overall error measure. It was also deemed desirable to provide
a more detailed measure which could be applied to cach type of 7
interaction as well as to the overall population. The Bin method
can be meaningfully applicd only if a relatively large number of
samnples is available. ’

The Interference Condition Method is based on the hypothesis
that & comparison ot cach measured value with each associated pre-
dicted SPS value is valid if viewed in operational terms. For
example, 1f the SPS is 0.9 and the measurced SINAD is 20 dB3, one
would note that this is a good prediction.  Similarly, i{ the
SINAD were 0 dB for the same SPS, one would say that this is a
poor prediction. This type of decision is not entirely subjective,
altthough some judgment is involved in specifying limits between
cood and poor predictions.  However, past cxperience in rating in- :
tgrfvrcnvv conditions provides =ome precedent for employing this type
O measure of prediction aecuracy,

e capde terme a0t shoutd b apparent to the COSAM user that
oo reater than 0o for exanple, represents pood pertormance.
should represent antelerably poor

i e whade the range between 004 and 006 represents margi -

e e e ther 005 i id be vonsadered poor or marginal

¥

SR B AU o Peess than G,

Yt b P o,
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Section O

The measurcd. SINAD values present a similar problem in

interpretation,

crence Q.

This subject was discussed extensively in Ref-
It was determined that SINAD output values greater

than 15 arce good and valyes less than 4 are poor with a range of

4-15 being marginal.

Other choices are possible.*

Labeling ranges of SPS and SINAD in such a manner will permit

one to comparc COSAM SPS outputs with measured values.

We wish

to know, primarily, the likclihood of COSAM predictions resulting

ClN Pross Crrors.

(A gross crror is defined as a prediction of

good performance when a measurement indicates intolerable degra-
“dation, or the converse situation.) ‘

The S-condition scale of TABLE 3-2 will be uscd to relate SPS
and SINAD to operational degradation, '

TABLE 3-2

SPS/SINAD FIVE-CONDITION SCALE

Condition

I

——

SPS Range
0.81-1,00
0.01-0.80
0.41-0.60
0.21-0.10
0.00-0.20

SINAD Range (dB) AS Runge
L
> 18 > 0.85
>~ 12; < 1R 0.75-0.85
> 75 <12 0.65-0.75
> 4 < 7 0.5-0.65
L < 0.5

Since our data includes 501 pairs of SPS/SINAD values, we
mav simply note the percentage which have no errors, l-condition
crrors, 2-condition errors, 3-condition errors, and the maximum

crror of

1 conditions.

Fhe SH-condition scale is quite suitable for this exercise

Sinee 0t owi ]

aoeonnt

A lvondition error would, presumably, be ncceptable.
tion error might be undesirable but still acceptable.

tiron - discu
YR noor and g

tetyne 32 and

ie tat

sl

J-condition

L

Lo TR (Vaol.
operator-to-operator,

in more detaill below.)

crrors d4s gross

TED, 190645

for minor score or mcasurement differences.

A 2-condi-
(This assunp:-

A 3-condition error would
l-condition error would be clearly unacceptable. We

Crrors.

i 3% B wae vood for commercial nse.

Se 10

indicated that o JdB was
1o dB was marpinal tor
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