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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
plovide 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 lIT Research
Institute (IITRI).

This report was prepared as part of AF Project 649E under Contract
F-19628-73-C-0031 by the staff of the lIT Research Institute at the Department of Defense
Electromagnetic 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,
Maryldnd 21402, Attention ACL.

Reviewed by:

DOUGLAS J. HUGHES -i.M. DETERDIN({
Project Engineer, IITRI Director of Contractor Operations

Approved by:

G(-'sTAV J. AKERLAND RICHARD H. DE WITT
Colonel, USAF Chief, Plans and Resource Mgt.
Director, DOD ECAC
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A BSTRACT-

Measurements were made of numerous interactions a't a typi-
-ca coiteinstallation; results were compared with predicin*

jnadc by the Cosite Analysis Model (COSAM) developed by thc DoD
'-1icectromagnetic Compatibility Analysis Center (ECAC). Tests in-

vovdsix FM voice communications transceivers optrating in th(-
0 23-76 M1Iz VHIF range. rwenty-five frequency assignments were tested,

wvith several desired signal levels. Types of interactions included
---adjacent signals, spurious responses, spurious emissions, receiver
.-Indtransmitter interinodulation (2 and.3..signal mixes; 2nd, 3rd,
5th and 7th orders). -

Resitlts show that model accuracy is adequate for predicting
-the operational performance ofcollocated V11F-FM tactical comiui I-_
cations equipment. Confidence levels are presented.
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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 phase of model development dealt pri-
marily with conventional UHlF-AM transmitter/receive: systems which
employ single channel vuicc modulation. Validation of this portion
of the model is documented in References 2 and 3.

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

Although the model components were based, primarily, on equip-
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. AR

Consequently, a measurement program involving VIIF equipments I
was conducted by the U.S. Army Electronic Proving Grounds (USAEPG), j
Fort Iluachuca, Arizona (Reference 4), Supplemental tests were con-
ducted at the Naval Electronic Systems 'rest 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 I
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 been determined. All tactical VHF equip-
ments fall into one of three or four basic designs. Equipments
of each design have been measured 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
obtaiiied rcprccnt a test of capability to estimate performance
with no measurements.

1-41
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Most available measured datai are, at best, small samples of
cquip.lent l)erforinance. In generial, spect ru,| signatures involve
limited ranges of frequency separation and input power levels
for adjacent signal, transmitter and receiver intermodulation,
and spurious response and splrious emission tests. They also
involve limited samples of equipments of the same nomenclature.
The data do not necessarily 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 equipmeit for which measured spectrum signa-
ture data was available.

APPROACH

The major findings of the measurement program were described
and compared with COSAM, predictions. Several measures were used
to indicate how well the analysis results compared with the measure-
meint:.

Measured coupling data were compared with results of the COSAM
coupling model. The average 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), where S refers to the desired sig-
nal power, I is the effective-sum of all interference and distor-
tion effects and N refers to noise.) The summation is made in
watts; the ratio is in dB.

It was determined that every interaction could be identified
as being due, primarily, to a specific mechanism, that is, adjacent
signal, noise effects, two- or three-signal intermodulation (2nd,
3rd, 5th and 7th orders), receiver spurious responses or transmitter
spurious emissions. Bias and associated standard deviation values

1-2
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were calculated for data groups corresponding to each mechanism.

Two measures were provided to compare predicted System Per-
formance Scores (SPS) with measured SINAI) values. The first,
using the "Bin imethod" alppl icable to oveŽral I results, provides
a confidence level, in terms of SPS. SPS, for this report, is
defined as zhe probability of exceeding a SINAI) of 10 dB. The
method involves placing predictcd SPS values in bins or group-
ings and determining the average SPS per bin. These averages
were then cumpared with the percentages obtained by dividing the
number of measured values exceeding 10 dB by the number of samples )S
per bin.

A somewhat coarser measure, using the "Interference Condition
method", was also used to compare the measured SINAD values with
predicted SPS values for all interactions and identifiable mech-
anisms noted above. The measure provides a confidence level in
terms of the magnitude of the error relative to a S-condition
scale based on operational degradation con',iderations.

The text summarizes major aspects of the study. Results are
summarized in Section 2 and are given in detail along with the
analysis methods in Section 3. APPENDIX I contains a detailed
description of the measurement procedure and a tabulation of the
measured data considered in the analysis. AP'PENDIX II contains
a detailed description of the analysis used in the comparison of
predicted and measured values. APPENI)IX III is a brief description
of COSAM. APPENDIX IV contains an analysis of the antenna AT-912/VRC
and the antenna coupler MX-2799 and their associated selectivity
characteristics.

1-3/1-4
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SIECTIION 2

R1iSULIS

1 - The VIF-FM COSAM system predicts operational degradation
accurately in spite of the large number and the magnitude of the
uncertainties involved, The major results, in terms of agreement
between measurements and predictions, were as follows:

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 9.1 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 each mechanism were less
than 2.4 dB and that standard deviation values were less than 6.3 dB.
The bias value magnitudes were less than 6.2 dB for 94% of the cases.

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

ciated predicted mean values (S ) of less thian 10 dB.
p

S. Results of the Bin Method, depicted in Figure 2-2,
indicated that, for example, a confidence level of 90% can be

assigned to a prediction of SPS ± 0.225. SPS is the average SPS
value for a specified bin and SPS 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.)

I
2- i
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SECTION 3

AINALYSI S

INTRODUCTION

This section contains an outline of the measurement program
and a description of the methods employed to design the experi-
ment. TVc various measures of comparison between measurements and
predictions are also described. Finally, major results of the -:

comparisons are provided. - .

MIEASURIMENT PROGRuM

Reference 4 contains measured bench test information, of the
type obtained in the spectrum signature program, for four equip-
ments, namely, the AN/PRC-25, the AN/PRC-77, the AN/VRC-49, (two
AN/VRC-12 transceivers) and the AN/GRC-163 (two AN/VRC-12 MUX
transceivers). All of these equipments are FM transceivers, using
the 30-76 M2lz portion of the VHF band. The first three 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.

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 exposed to simultaneous radiations from

five transmitters operating at various frequencies in the 30-76 Mttz
band.

A complete description of the field measurements is contained I
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 I
a voice message and the undesired transmitters were modulated with
a different voice message. A tape recording was then made. 33-1Ii
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The procedure was repeated for the other five receivers for
the first assignment and then re-run for the other 24 assignments. Then,
the total procedure was repeateLd for different desired signal levels.

In effect, a total of- 4IS receiver iioastirceeuts were called
for initially [6 receivers x 25 assignm.cnts x 3 desired signal levels
(-85, -95, -105 dBni)J. Because additional tests were specified af-
ter the measurement effort started, the total number of measurements
actually recorded was 561.

"TABLE II-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 SINADI
ratio. Other pertinent data, noting the power levels of the var-
ious transmitters and the identification of transmitters causing
significant interactions, are given in APPENDIX I.

PIRiI)ICTION PROGRAM

Most of the predictions were made, using COSAM, prior to ob-
taining the measured data. Thie arrangement of antennas was orig-
inally intended to resemble an Army or Marine Corps tactical com-
inwnd post, but practical considerations resulted in the configura-
tion described in Ai"PIINDIX 1.

Of more concern was the pattern of frequency assignments. It
was deomed desirable to subject each equipment to an equal number
of each 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 separation ranges were included for each interaction
type.

It would also have been desirable to secure output SINAD values,
ranging from zero to the maximum, in an approximately uniform man-
ner,for all nomenclatures. If all of these 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 sections will describe the spreads
involved, the number of each type of interaction, etc.

TABLE III-, in APPENDIX II, contains, for each interaction, the
predicted values of mean SINAI) output. and the System Performance
Score (SPS). These scores are used, as discussed below, to provide
a measure of confidence for the model.

3-2
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The interaction identifications provided in TABLE I1-1 refer I
only to the major inechanisms predictcd by COSAM. In many cases,
SI'S values are influenced by ,hore than one mechanism and more
than one transmitter. Consequently, even though, for example,
.an adjacent si gnal or a spurious response is identified, the
score may reflect the effects of other transmitters and other
mechanisms. -

MOlI)EL VALIIDATION

Evaluation of Coupling Predictions -

As noted in APPENDIX 1, 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. 1
Four tuned frequencies were used in conjunction with four tuning
positions of the couplers. The bias was approximately 1.4 dB; I
i.e., measured values, on the average, exceeded predicted values
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 effects of the couplers.
The coupler selectivity model was based on a single set of mea-
surements made at Fort Iluachuca several years ago (Reference 7). 4
The instruction manual for the coupler (Reference 12J indicates
that the device is matched to the antenna and the transceiver by
ensuring that an input VSWR of 3:1 is not exceeded. The matching
procedure involves adjustment of one or two capacitors in each of Ithe ten networks.

For a large majority of the coupling measurements, both coup- -

lers were in off-tune positions relative to the measurement fre- 4
quency. APPENDIX IV indicates that the matching procedure 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. Variations I
up to 12 dB are possible.

Evaluation of the coupling data suggests that prediction errors
can br 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 941 of the
sample involved errors less than 15 dB.

The predic.ed mecan valuer have not been tabulated with the mea-
sured values. If desired, one can perform this comparison, using
the data supplied in APPENDIX I, Equation 111-7 in APPENDIX Ill, andthe curves provided in APPENDIX IV, labelled USAEPG data. The mean
antenna gains used in the equation were -1.6 dB for the whip and
-6.9 dB for the LPA.

3-c 3 l
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Reference 6 indicates that a standard deviation (o) of 0
or 7 dB can be expected for the antenna-to-antenna coupling
model. The uncertainties involved in coupler tuning can be
expected to increase this value to at least 8.1 dB, which was the
computed standard deviation.

It is of interest that the path between aptennas #1 and #4
consistently indicated errors involving too little loss as com-

pared with predictions. The orientation of the antennas (including
the effects of antenna #3 on the jeep; see Figure I-1) evidently
resulted in increased gains over this path.

Conversely, combinations 1-2 and 3-4 (on the jeep) exhibited
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 IV-23),
but it appears that no generalized model for the configuration in
question could be devised wlich could reduce the overall a 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
aaequately. 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-

figurations (i.e., different orientations relative to a jeep or
some other obstacle) 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. I
Each measurement is said to be a sampIc of each distribution.

We wish to determine how well the distributions represent the
measured values. This is a rather unusual problem in statisticalI ~analysis, for which no standard procedure is known. Instead of .

having one distribution to evaluate, we have a family of distribu-
tions. The methods applied in the following subsections were de-
veloped in Reference 2.

3-4
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The model bias (B) is defined as followss:

1 NB F - Ai (3-1) :
i=l -

where: -
Ai the ith value of S minus the ith value of A

S- -- - Sp, indf dBf

Sini

S the measured output SINAD value, in dB
M

S = the predicted output SINAD mean value, in dB

N = the number of samples "

B, therefore, represents the mean deviation, or the average
difference between the measured values and the associated predicted4
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 second test performed was the computation of o(A), defined
as follows:

N
o(A) = [(B - Ai2/N]1/2 (3-2)

i=1

a(A) ;.s defined as the standard deviation of the SM -S 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.
Exoaination of the plot provides the percentage of the total which is 7

les. than any specified dB level.

The values of B and o(A), for all of the measurements and theI
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 empl,'yed to determine the characteristics of
O(S p), the stan6:jrd deviation of the predicted distribution rela-

tive to the absolute value of S - S" . A cumulative plot of the
P 1
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relationship is given in APPENDIX 11, Figure 11-2.

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 exceeding a
specific SINAD threshold value (10 dB, in this study), which is
-relatable to an Articulation Score (AS) or an Articulation Index
(Al) value. In other words, the predicted probability distribution
is mereiy a means to an end. If possible, one would prefer to have
-a straightforward mathematical measure of the quality of the SPS
scores, as compared to the measured SINAD values.

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 were placed in bins,
or groupings. Several bin sizes were examined. Twenty (20) bins
were adopted since this value 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, NT. Then,

we noted the quotient of NT/N, defined as SPS m

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, SPS -SPS represents another possible mea-m
sure. Over half of the differences are negative, indicating that
the model predicted too little interference. The average value of
the differences was approximately 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 SP- versus SPS . The diagonal line
m

describes the results an ideal model would provide if it were
given a large homogeneous population. That is, since the SPS
represents the probability of exceeding 10 dB, then by definition
SPS should equal NT/N.

3-6
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A measure of model error, in terms of SPS units, can be I
obtained by subtracting the values of SPS from the correspond- I
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 true.

Figure 2-2, a cumulative ilobability 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 estimate of model
error. As can be seen, for 90'Q of the cases, an error of less -I

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 5
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
a of 0.085.

Interference Condition Method. The Bin method provides an •
overall error measure. It wa3 also deemed desirable to provide
a more detailed measure which could be applied to each type of
interaction as well as to the overall population. The Bin methodcan be meaningfully applied only if a relatively large number of

samples is available.

The Interference Condition Method is based on the hypothesisthat 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 0 dB for the same SPS, one would say that this is a
poor prediction. This type of decision is not entirely subjective,

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
r an SPS greater than 0.8, for example, represents good performance.

Similarly, scores less 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
is a more tenuous decision.

3-9
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The measured SINAD values present a similar problem in
interl)retation. This subject was discussed extensively in Ref- I
erence 2. It was determined that SINAI) 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 I

to know, primarily, the likelihood of COSAM predictions resulting
in gross errors. (A gross error 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 used to relate SPS
and SINAI) to operational degradation.

TABLE 3-2

SPS/SINAD FIVE-CONDITION SCALE

Condition SPS Range SINAI) 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 < 0.5

Since our data includes Sol pairs of SPS/SINAD values, we
may simply note the percentage which have no errors, 1--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 1-condition error would, presumably, be acceptable. A 2-condi-
tion error might be undesirable but still acceptable. (This assump-
tiontis discussed 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. I1i, 1963) indicated that 6 dB was.
just acceptable for operator-to-operatnr, I. dR was marginal for
commercial use, and 33 dB was good for commercial use.

3-10
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Before proceeding to an anal ysis of 0he dota, 'we noto th e

relationships between possible condition errors and SINAI) d

diff-rences. That is, if there is an X dB difference between a

predicted and a measured SINAI) value, what is the impact in terms

of condition errors? 4

We assume a maximum SINAI) 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 dB is required to

cause a four-condition error. In the extreme, even a 26 dB dif- A

ference may result in only a three-condition error.

TABLE 3-3

SINAI) dB DIFFERENCE VS CONDITION ERROR RANGE (FIVE CONDITION S(ALE) I

dB3
diffen Condition Error RangeS~~Difference .

[IS - S ] Minimum Maximum_ _

>26 4 4
22-26 3 4
18-22 2 4
14-18 1 4
12-14 1 3 4
7-12 0 3

4-7 0 2
- 0-4 0 1' ii

For simplicity, we will define our interference condition con-

fidence levels, plc and p2c' as the probability of not experiencing

an error of more than 1 or 2 condil ions, respectively. APPENDIX II

Scontains detailed data, including probabilities of not experiencing

a condition error and experiencing one-, two-, three- and four-con- i
dition errors, as well as a discussion of the implications of dB

L differences. I

4
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A major requirement for a prediction model involving value O
judgments of performance is that the probahility of committing
a gross error, as defined above, should be small. If this capa-
bility exists, the analyst can he 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
the chance of poor performance occurring will be even smaller and,
hopefully, negligible. The converse will also hold true.

If, as has been observed, one were to merely predict that all
cases were marginal, there would he no errors greater than 2 con-
ditions in a S-condition scale, suggesting that the p2 measure

is not particularly mean'ngful. However, a value of p2c greater

than 0.9 is highly significant. If all cases were to be considered
marginal, one would have to treat all of them as potential problems.
Given a value of 12c greater than 0.9, one can be assured that the

chance of intolerable interference (i.e., SINAD < 4 dB) occurring
when the SPS is greater than 0.6 is. quite small, Consequently,
these higher SPS scores can be considered safe with only a small
probability of gross error.

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,
are noted. APPENDIX II provides an expanded discussion of the find-
ings, particularly intermodulation (IM) effects.

TABLE 3-4 provides the computed values of B, o(h) and p2c

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-
dict no interference for all of the interactions involved. Several
7th order IM cases werc included in the assignments but none proved
to be significant.

3-12
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Three t)ypes of spurious responses are significrýnt, namely:

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

There was only one case in the second category and none inA
the third. Effectively, this implies that the model predicted
only one response incorrectly. This response is discussed in
detail in APPENDIX 1.

Spurious emissions are al.so 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
agreement between measurements and predictions. Most VHF transmit-
ters of this type, for which measurements 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 Mlsz
to the operating frequency.

Although transmitter IN was predicted for all 2-signal IM cases,
the effects were consiterahly less than those of rcceiver IM for all
but five cases. Consequently, the transmitter IM model was not, in
effect, validated in it quantitative sense. It is clear, however,
that contributions from the interaction were generally negligible
compared to receiver IM effects, thus providing partial 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 (excluding transmitter IM,

the one 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 06% of the interactions resulted in
o(A) values of less than 6.3 dB. 3-signal IM values of a(A) were,
in general, somewhat larger than 2-signal IM values.

4. 2- and 3-signal RIM measures were B = 0.37, o(A) =

5.13, and p2c = 0,96, suggesting that agreement between measurements

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

5. The 1)2c values, representing the probability of pre-

dicting an SPS score incorrectly by two or fewer interference con-
ditions in a S-condition scale, were greater than or equal to 0.89

3-14
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for 94% of the cases. For all interactions P2c was 0.92, which

represents a coarse confidence level for the model. Incidentally,
p) 1 involving zero- or one-condition errors, for all interactions

was 0.76.
6. It is of interest to compare the confidence levels

obtained with the Bin and Interference Condition methods. The
90% confidence level of 0.225, obtained with the Bin method, in-
volves a condition error slightly larger than one, The 76% level
is approximately 0.18, a condition error slightly less than one.
This suggests that 1- and 2-condition error confidence levels are
supported by the bin approach.

DI SCUSS ION

APPENNDIX 11 provides a summary of additional data and asso-
Cilated evaluations. This section presents a few brief highlights
of the study.

If a dB measure of confidence iE '-' d, APPENDIX II indi-
cates that 90'0 of the cases resulted . ,rences between the
measurements and the predicted mean values ot less than 10 dB.

The user can be confident (using either the interference con-
dition or bin measure) that SI'S scores greater than 0.6 represent
acceptable or better performance. Scores less than 0.2 arc 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
value.

The user is warned that, occasionally, spurious responses
and emissions will not be properly evaluated by COSAM. Some could
be predicted 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 intermodulation, evaluation of the measured data
revealed no cases where IM was predicted but did not appear. A
significant number (20) of apparent 2-signal interactions occurred
which were not predicted. These represent cases which are not
present1y included in COSAM. but which are being added. Only nine 4cases (involving two specific interactions) were noted where 3 -signal

3-15 A
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(5th order) INI 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 either obviously acceptable or
obviously unacceptable. Considerable effort was required to gen-
erate assignments whose SINAI) outputs fell between S and 12 dB,
corresponding to SY'S values between 0.2 and 0.6. As indicated
in APPENDIX II, 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 general, the VIIF-FM COSAM system predicts operational de-
gradation accurately in spite of the large number and the magnitude
of the uncertainties involved.

CONCLUDING COMMENTS

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

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

This report and the earlier report (Reference 2), particularly
APPENDIX I of each, represent a test-bed for those who either have
or are developing a cosite analysis capability. The data can be
used 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.

3-16
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APPENDIX I

DtESCRIPTION 01 FIELD MEASUREMENTS

IA
INTRODUCTION

This appendix is a copy of much of the material provided in
Reference 4 (Volume 111). It 's provided for the following rea-
sons:

1. The referenced document may not be readily obtain-
valid n p

2. Its availability provides authentication of the 4
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.

DISCUSSION 0: CONTENTS

Figures I-1 and 1-2 represent the antenna and system config- I
uration used. The large vans shown in Figure I.-2 contained in-
strurmentation only. The height of a man carrying a back-pack
transceiver (e.g. AN/PRC-2S or 77) was simulated at both positions
1 and 2 by wooden structures, Equipment at positions S and 6 con-
sisted of an AN/GRC-163. This system contains two jeep-mounted
AN/VRC-12 (RT-524) transceivers to which frequency division multi-
plex (MUX) capabilities have been added. Positions 3 and 4 con- I
sisted of a second jeep (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-1S represent coupling data taken between
all antenna pairs at four tuned frequencies, involving 400 samples.
Measurements were actually taken over the entire band (30-76 MHz) -
by means of a sweeping technique but this information will not be
provided here.

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 photogr'aphs of the analyzer display.

As indicate"* in TABLES I-I to 1-15, only ., r out of the avail- 1

able ten positions of the MX-2799 coupler were considered during
the coupling test. The values noted in the fifth column (SpectrumI!

I-1 -&
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Anjlyzer, Pr ) were read from the spcctrum analyzer display, using

the appropriatL ,:alibration factor.

Ccupling loss (tile last column) is, simply P (the 3rd colunt,)
minus 1 tr ,

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

TABLES 1-17 and 1-18 indicate the (S+NJ/N and (S+T+N)/(I+N)
values for initial tests for desired signal levels of -105 dBm
and -95 dBm, respectively. The e.maining colurmns contain the
actual transmitter power levels used. After these initial tests
were run, the LCAC requested that these two cases be rerun and
that additional tests be performed. The reruns differed in that
interferers wece tuned off in a pattern which identified the major
interferers. These data are presented in TABLES 1-19 and 1-20.
Some differences in results noted between the two tests emphasize
equiprnent variabilities.

'IABIAI'S 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+I+N)/(I+N) value, respectively.

TEST DESCRIPTION

The frequency combinations* given in TABLE 1-16 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 dBim, 30 percent modu-
lated with the reference audio-freltency tone, was inserted. The
transmitter portion was not activated. The transmitters of the
remaining five transceivers 4ere 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 were monitored and recorded. The following three
measurements were taken:

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

* The Roman niumeral portion of each test number identifies the fre-

quency combination for that test group of six runs. "T1e Arabic nu-
moral portion of the test number identifies the antenna to which the
transceiver which is being used as the test link receiver (TLR) is
connected. 1-2
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2, The noisc input was then introduced to the inter-
ferers and measurements of (S+I+N)/(I+N) were made.

3. The audio-frequency tone was then removed from the
desired signal 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 messag,.
On some tests, a 30 second tape recording was taken and appro-

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

The test was repeated with the same frequency combination
-but with the transceiver conaccted to antenna 2 operated as the
desired receiver. One completed test involved measurements of 1
six receivers (combinations 1-1 through 1-6).

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

TEST RESULTS I
Values of (S+N)/N, (S+14N)/(I+N), and interferer power levels

are given in the tables listed below. These tables cover the test 3
series of subset 2.9 in the following manner:

S Level Taped Record I
Table (dBm) Test Type (No. of Cases)

1-17 -105 All Interferers on None
1-18 -9S All Interfcrers on None
I-i9 -105 Interferer Isolation 6
1-20 -95 Interferer Isolation 6
1-21 -85 Interferer Isolation 9
1-22 > -85 (S+I+N)/(I+N) = 10 dB None

Aji apparent anomaly was noted in a few cases where interfer-
ence was less with all interferers on than with only one inter-
ferer on (the worst-case values are recorded in TABLE 11-1 and used
for this analysis). This phenomenon was confirmed by multiple checks,

1-3
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and thcreforc is believed to represent the true situation, al-
though the explanation is not known.

In srie cases, intennittent readings were obtained, thought
to be due to alternate capture and release of the receiver's auto-

: - matic frequency control. TI'is might have been caused by external
-interference, an intermodulation product, the closeness in fre- 4

quency of system 2 to system 1, or a similar phenomenon. These
cases are referred to in the tables as "Alternate capture and 2

release."

1-4
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.Position Equipment Antenna
S PRC-25 AT-9l12 40

2 PRC-77 AT-912

VRC-12 AT-912 30 (!)
4 VRC-I 2 AT-912 20Sy
5 VRC-12 MRUXý Log-dc (ft) 20 6* (3)
6 YRC-12 M4IXJ Poridi(4

(AS-2169/G) 10 *(2)

0: (6)
0 10 2o 30 40 50 o

S~X (ft)
ANTENNA COORDINATES (ft)t

POSITION X Y Z (apDrox)

1 45 30 1
2 35 10 1
3 10 20 3
4 5.5 20 3
5 0 0 36 -
6 50 0 36

NOTES: (a) Antennas for terminals 1, 2. 3o 4 are vertical whips.
abj Antennas for terminals 5 and 6 are horizontally

polarized log-periodic types. The orientation of these
antennas Is away from the rest of the deployment, as
follows;

5 6

APPROX IMATELY APPROX IMATE LY
600 600

(C) Antenna heights for whips (terminals 1, Z, 3. 4) refer
to heIght of base above ground. Heights for log-
periodic antennas (terminals 5, 6) refer to heights of
foed points. es

Figure 1-1. Antenna layout, subtest 2.9.3

'-5
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Figure 1-2. 4SX2 Test Site
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Figure 1-3. AN/GRC-163 (Rear), and AN/VRC-49 Coimmunications Systems

1-7
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TABLE I-I

COSITE COUPLING LOSS, ANTENNA POSITIONS 1 AND 2

Subteat 2.10.3

Traninitter Antenna AT-g12 Position 1

Rec.-tver Antenna AT-912 Position 2

Sweep Oscilletor RP-8601A S/N 912-00810

Spectrum Analyzer MP-8553B/8552A SIN 3339

Significant Control Positions

Transmitter Receiver Spectrum Coupling
Test Freq MX2799 Band Sweep Osc. Pt HX2799 Band Analyzer Pr Loss

(Mez) (MHz) (dl) t (MOz) (dl.)* (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 **,2.10-7 -

70.9 - 75.95 -39,2.10-8 49

32.0 30.0 - 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 **,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 **,2.10-14 -
56.3 - 59.7 **,2.10-15 -
70.9 - 75.95 **,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
56.3 - 59,7 **,2.10-19 -
70.9 - 75.95 -55,2.10-20 65

*Numbers following commas are figure numbers of corresponding
photos.

"**Below sensitivity.

1-8
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Ti\BLI: 1-1 (Conti nu'ed)

Subtest 2.10.3

Tran.:nttter Antenna AT-912 Position J
Receiver Antenna AT-912 Position 2

Sweep Oscillator HP-8601A S/N 912-00810

Spectrum Analyzer RP-8553B/8552A SIN 3339

Significant Control Positions ___

Transmitter Receiver Spectrum Coupling 1
Test Freq MX2799 Band Sweep Osc. Pt MX2799 Band Analyzer Pr Loss i

(MHz) (MIz) (dBm) (MHz) (dBm)* (diB) U

43.0 30.0 - 32.7 10 30.0 - 32.7 -k2.2,10-5 52
47.9 - 52.95 -44,2.10-6 54

56.3 - 59.7 -40,2.10-7 50

70.9 - 75.95 -58,2.10-8 68

43.0 30.0 - 32.7 10 47.9 - 52.95 -46,2.10-9 56 1
47.9 - 52.95 -40.2.10-10 50

56.3 - 59.7 -38.2.10-11 48 A

70.9 75.95 -62,2.10-12 72

43.0 30.0 - 32.7 10 56.3 - 59.7 -45,2.10-13 55

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 -

47.9 - 52.95 -49,2.10-18 59

56.3 - 59.7 -48,2.10-19 58

70.9 - 75.95 -56,2.10-20 66

*Numbers following commas are figure numbers of corresponding I
photos.

"**Below sensitivity.

1-9i
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IABId.'I I- 1 (LoutintlUCI)

5ubtest 2.10.3

Tr-v;,,itter Antenna AT-912 Position I __--

Receiver Antenna AT-912 Position 2

Sweep Oscillator ILP-8601A SIN 912-00U0 10

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

Significant Control Positions __ __

Transmitter Receiver Spectrum Coupling 1
Test Freq MX2799 Band Sweep Osc. P. MX2799 Band Analyzer Pr Loss

(MIz) (MHz) (dBm) (Miz) (dBm)* (dB'

54,0 30.0 - 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

54.0 30.0 - 32.7 10 01.9 - 52.95 -40,2.10-9 50
47.9 - 52.95 -16,2.10-10 26
56.3 - 59.7 -20,2.10-11 3C
70.9 - 75.95 -21,2.10-12 31

54.0 30.0 - 32.7 10 56.3 - 59.7 -42,2.10-13 52 1
47.9 - 52.95 -20,2.10-14 30
56.3 - 59.7 -22,2.10-15 32

70.9 - 75.95 -27,2.10-16 37

54,0 30.0 - 32.7 10 70.9 - 75.95 -46,2.10-17 J6

47.9 - 52.95 -22,2.10-18 32 I
56.3 - 59.7 -26,2.10-19 36
70.9 - 75.95 -27,2.10-20 37

*Numbers following commas are figure numbers of corresponding
photos,

"**Below sensitivity.
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TAP1LE i-1 (Coutinued)

Subtist 2.10.3

TraismiLter Antenna AT-912 Position 1 I

Receiver Antenna AT-912 Position 2

Sweep Oscillator RP-8601A S/N 912-00810

Spectrum Analyzcr HP-85539/8552A SIN 3339

Significant Control Positions _

Transmitter Receiver Spectrum Coupling
Test Freq MX2799 Band Sweep Osc. Pt! 2799 Band Analyzer Pr Loiss

Mr.) (MHz) (dBm) (M•z) (dB%)* (dB)

65.0 30.0 - 32.7 10 30.0 - 32.7 -52,2.10-5 62
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

65.0 30.0 - 32.7 10 '17.9 - 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-!2 42

65.0 30.0 - 32.7 .10 56.3- 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
70.9- 75 95 -26,2.10-16 36

65.0 30.0 - 32.7 10 70.9 - 75.95 -35,2.10-17 45
47.9 - 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

*Ntubers following commas are figure numbers of' corresporldillp

photos. 4
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TABLE 1-2

COSITE COUPLING ILOSS, ANTENNA POSITIONS 1 AND 3

Subtest 2,10.3

Tr .ttsmizter Antenna AT-912 Position I

Receiver Antenna AT-912 Position 3

Sweep Oscillator HP-8601A S/N 912-00810

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

Sig'nkficant Control ?ositions -_--

Tranamitter Receiver Spectrum Coupling
Test Freq SX2799 Band Sweep Osc. P tMX2799 Band Analyzer Pr Loss

(Mroz) (diln) (MEz) (dBm) (dB)

32.0 30.0- 32.7 10 30.0 - 32.7 -20 30
47.9- 52.95 -36 46
56.3 59.7 -65 75
70.9- 75,95 -42 52

32.0 30.0 - 32.7 10 47.9 - 52.95 -28 3b8
47.9 52.95 -43 53
56.3 59.7 5 4 -

70.9 75.95 -60 70

32.0 30.0 - 31.7 10 56.3- 59.7 -58 684,7.9 .- 52.95*-
56.3- 59.7
70.9- 75.95 -

32.0 30.0 - 32.7 10 70.9 - 75.95 -43 53
47.9 - 52.9j * -

56.3 59.7 A -
70.9 - 75.95 -66 76

.4

- j
*Below Scilsit.ivity.

A -12 ,
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TABLI 1-2 Continucd)t|
Subtest 2.10.3 1
Transmitter Antenna AT-912 Position 1

Receiver Antenna AT-912 Position 3

Sweep Oscillator HP-8601A S/N 912-00810.

Spectrum Analyzer RP-8553318552A S/N 3339

SSignificant Control Positions

Transmitter Receiver Spectrum Coupling
Test Freq MX2799 Band Sweep Osc. Pt MX2799 Band Analyzer Pr Loss

(Mz)) (HZ) (dBM) (MHz) (dWm) (dB)

43.0 30.0 - 32.7 10 30.0 - 32.7 -52 62
47.9 - 5?.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 I
56.3 - 59.7 -36 46

70.9- 75.95 -49 59

43.0 30.0- 32.7 10 56.3 - 59.7 -54 64
i47.9 - 52.95 -41 ýj

56.3 - 59.7 -40 50

70.9 - 75.95 -52 62

43.0 30.0 - 32.7 10 70.9 - 75.95 -62 /2
47.9 - 59.7 -49 59
56.3- 59.97 -48 "8

70.9- 75.95 -64 74

4

4

tA

1-13
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TABLE 1-2 (Continued)

Subt,.st 2.10.3

Tr..-Nmmitter Antenna AT-912 Position 1

Receiver Antenna AT-912 Position 3

Sweep Oscillator RP-8601A _ S/N 912-00810

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

Significant Control Positions

Transmitter Receiver Spectrum Coupling
Test Freq HX2799 Band Sweep Osc. Pt ?'CX2799 Band Analyzer Pr Loss

(MHz) (MHz) (dOm) (OHz) (dOB) (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 - 75.951 -60 70

54.0 30.0 - 32.7 10 47.9 - 52.95 -46 56
47.9 - 52.95 -24 34

56.3 - 59.7 -?7 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
56.3 - 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.

1-14
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* I\It 1-2-' (tt\ 1illut3)

Subtest 2.10.3

Traismitter Antenna AT-912 Position 1

Receiver Antenna AT-912 Position 3

Sweep Oscillator IRP-8601A SIN 912-00810

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

$ignificant Control Positions

Transmitter Receiver Spectrum Coup1Ing
Test Freq MX2799 Band Sweep Osc. P, 1VX2799 Band Analyzer Pr Los.s

(?,z) (M•z) (dM) (WN,) (diB) (d3)

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 54 4
65.0 30.0 - 32.7 10 47.9 - 52.95 -50 60

47.9 - 52.95 -46 t6
56.3- 59.7 -37 47
70.9 - 75.95 -34 44 •

65.0 30.0 - 32.7 10 56.3 5- 9.7 -45 55
47.9 - 52.95 -38 48
56.3 - 97-31 41
70.9 - 75.95 -28 384

65.0 30.0 - 32.7 10 70,9 -75.95 .-43 53
47.9 - 52.95 -36 46
56.3 - 59.7 -28 38 I
70.9 - 75.95 -24 34

1:
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TABLE 1-3

COSITE COUPLING LOSS, ANTENNA POSUlTONS I and 4
3

SubL .. t 2.10.3

Tr.,,,..mitLer Antenna AT-912 Position 1

Receiver Antenna AT-912 Position 4

Sween Oscillator HP-3601A S/N 912-00810

Spect rum Anolyzer HP-8553B/8552A S/N 3339

Significant Control Positions _

Transmitter Receiver Spectrumn Coupling
Test Freq MX2799 Band Sweep Osc. P. MX2799 Band Analyzer Pr Loss

(MHz) (M~iz) (dBO) (MIz) (dBa) (d B)

32.0 30.0 - 32.7 10 30.0- 32.7 -10 20

47.9 - 52.95 -30 40
56.3 - 59.7 -54 64
70.9 - 75.95 -60 70

32.0 30.0 - 32.7 10 47.9- 52.95 -25 35
47.9 - 52.95 -ji 47
56.3 - 59.7 * -

70.9 - 75.95 -56 66

32.0 30.0 - 32.7 10 56.3 - 59.7 -53 (13
47.9 - 52.95 * -

56.3 - 59.7 * -
70.9 - 75,95 * -

32.0 30.0 - 32.7 10 70.9 - 75,95 -31 41
47.9 - 52.95 -'46 56
56.3 - 59.7 -
70.9 - 75.95 -53 63

• Below sensitivity.

1-16
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TABLE 1-3 (Continued)

Subtest 2.10.3

Transmi tter Antenna AT-912 Position 1

Receiver Antenna AT-912 Posi-cion 4

Sueep Oscillator IIP-8601A S/N 912-00810

Spectrum Analyzer HP-8553B/8552A SIN 3339 _

Signifi•ant Control Positions I

Transmitter Receiver Spectrum Coupling
Test Freq MX2799 Band Sweep Osc. Pt X2799 Band Analyzer Pr Loss

(MHz) (MHz) (dBm) (MHz) (dBm) (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 55

43.0 30.0 - 32.7 10 47.9 - 52.95 -38 48 i
47.9 - 52.95 -25 35

56.3 - 59.7 -26 36

70.9 - 75.95 -40 50

43.0 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

43.0 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 64i 1

II I
I

1-17 1
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TAbE,- 1-3 (Continued)

Subtest 2.10,3

Trann.;itter Antenna AT-912 Position I

Receiver Antenna AT-912 Position 4

Sweep Oscillator HP-8601A S/N 912-00810

.Spectrum Analyzer HP-8553B/8552A SIN 3339

Significant Control Positions ,-_

Transmitter Receiver Spectrum Coupling
Test Freq MX2799 Band Sweep Osc, Pt 11X2799 Band Analyzer P

(MHOz (M~iz) o BmD (IWu) (~) -(

54.0 30.0 - 32.7 10 30.0 - :2.) *
47.9 - 52.95. -53 63
56.3 - 59.7 -54 64
70.9 - 75.95 -60 70

54,0 30.0 - 32.7 0 47.9- 52.95 -37 47
47.9 - 52.95 -1b 26
56.3 - 59.7 -19 29
70.9 - 75.95 -26 36

54.0 10.0 - 32.7 10 56.3 - 59.7 -40 50
47.9 - 52.95 -17 27

5.-597-20 30
7.9 - 75.95 -27 37

54.0 30.I *- 32.7 10 70,9.. '5.95 -43 53t,7,9 -, 52.95 -21 31

56.3 59.7 -.25 35
1.9- 75.95 -30 40

*Below scnsitivityv

I
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TABLE 1-3 (Continued)

Subte•s.t 2.10.3

Transmitter Antenna AT-912 Position 1

!.e~eekVIAnt M.nna AT-912 Position 4i

Sweep Ouci.lator HP-8601A SIN 912-00810 __ __

Spectrum Artalyrer RP--8553B/8ý52A SIN 3339

Significant Control Positions_

Transmitter Receiver Spectrum Cou;Uing
Test Freq MX2799 Band Sweep Osc. Pt MX2799 Bano Analyzer P. Loss

(?Giz) (Mitz) (dBm) (M~z) (dBm) (dg)1 '

65.0 30.0 - 32.7 10 30.0 - 32.7 -47 57 1
47.9 52.95 -42 52

56.3 - 59.7 -33 43
70.9 - 75.95 -30 40

65.0 30.0 - 32.7 10 47,9 - 52.95 -47 57
47.9 - 52.95 -41 51
56.3 - 59.7 -33 43 1

70.9 - 75.95 -29 39

65.0 30.0 - 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

65.0 30.0 -32.7 10 70.9- 75.95 -35 45
47.9 - 52.95 -28 3B
56.3 - 59.7 -21 31

70.9 - 7 .5 -17 27

4

1-19
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TABLE 1-4

COSITE COUPLING LOSS, ANTENNA POSITIONS 1 ANI) S

Subtest 2.10.3

Transmittsr Antenna AT-912 Position I

Receiver Antenna AS-2169/G Position 5

Sweep Oscillator HP-8601A SIN 912-00810

Spectrum Analyzer HP-8553BI8552A SIN 3339

Significant Control Positions

Tr nsmittter Receiver Spectrum Coupling
TotFreq x2799 Band Sweep Oec. Pt MX2799 Band Analyzer Pr Loss
(lHX) ! (M41z) (d•u) t (M•iz) (d~u) (0E)

32.0 30.0 - 32.7 10 N/A -32 42
47.9 - 52.95 -43 53
56.3 - 59.7 * -

70.9 - 75.95 -42 52

A- 43.0 30.0 - 32.7 10 N/A -54 64
47.9 - 52.95 -50 60
56.3 - 59.7 -44 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 51

65.0 30.0 - 32.7 10 N/A -53 63
47.9 - 52.95 -50 60
56.3 - 59.7 -39 49,

70.9 - 75.95 -36 46

*Below sensitivity.
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TABLE 1--5

COSITI COUPLING LOSS, ANTENNA POSITIONS I AND 6

Subre-t 2.10.3

STraiiintter Antenna AT-912 Position 1 _I

Receiver Antenna AS-2169/G Position 6

Sweep Oscillator HP-8601A SN 912-00810

Spectrum Analyzer k{P-8553B/8552A S/N 3339 1
Significant Control Positions _

Transmitter Receiver Spectrum Coupling
Test Freq MX2799 Band Sweep Osc. Pt HX2799 Band Analyzer Pr Los'

(Miz) (MHz) (dBm) (MHz) (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 6(
47.9 - 52.95 -35 45
56.3 - 59.7 -32 42
70.9 - 75.95 -37 47

54.0 30.0 - 32.7 10 N/A -57 r I-
47.9 - 52.95 --32 4?
56.3- 59.7 -35 15
70.9 - 75.95 -32 42

65.0 30.0 - 32.7 10 N/A -37 47
41.9 - 52.95 -37 41
56.3 - 59.7 -28 38
70.9 - 75.95 -28 38

12
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TABLE 1-6

COSITE COUPLING LOSS, ANTENNA POSITIONS 2 AND 3

Subtest 2.10.3

Transmitter Antenna AT-912 Position 2

Receiver Antenna AT-912 Position 3

Sweep Oscillator HP-8601A S/IN 912-00810

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

Significant Control Positionb

Transmitter Receiver Spectrum Coupling
Test Fret MX2799 Band Sweep Osc. P KXi2799 Band Analyzer Pr Loss

(Mlz) (MHz) (d~m) (MHz) (dBo) (dB)

32.0 30.0 - 32.7 10 30.0 - 32.7 -18 28
47.9 - 52.95 -43 53
56.3 - 59.7 -65 75
70.9 - 75.95 -36 46

32.0 30.0 - 32.7 10 47.9 - 52.95 -30 40
47.9 - 52.95 -60 70
56.3 - 59.7 * -

70.9 - 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 5l
47.9 - 52.95 -55 65
56.3 - 59.7 * -
70.9 - 75.95 -56 66

t *Below Sensitivity.

1-22
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IABLE 1-6 (Continued) I
Subtest 2.10.3

Tron.imitter Antenna AT-912 Position 2

Receiver Antenna AT-912 Position 3

Sweep Oscillator HP-860iA S/N 912-00810

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

Significant Control PosiLions _

Transmitter Receiver Spectrum Coupling I
Test Freq MX2799 Band Sweep 3sc. Pt MX2799 Band Analyzer Pr Loss.8tI(l'iz) (Ml~z) (dm Miz) (d~m) (B

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
70.9 - 75.95 -50 60

43.0 30.0 - 32.7 10 47.9 - 52.95 -39 49
47.9 - 52.95 -35 45
5f.3 - 59.7 -30 40
70.9 - 75.95 -47 57

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
70.9 - 75.95 -47 57

43.0 30.0 - 32.7 10 70.9 - 75.95 -52 62
47.9 - 52.95 -46 56
56.3 - 59.7 -45 55
70.9 - 75.95 -58 68

.1
A

711

I
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TABLE 1-6 (Continued)

Subtpst 2.10.3

Traii •itter Antenna AT-912 Position 2

Receiver Antenna AT-912 Position 3

Swevp Oscillator HP-8601A S/N 912-00810

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

Significant Control Positions

Transmitter Receiver Spectrum Coupling
Test Freq MX2799 Band Sweep Osc. P HX2799 Band Analyzer Pr Loss

(Mz) (MHz) (d3m) (MH.z) (dBm) (dB)

54.0 30.0 - 32.7 10 30.0 - 32.7 -67 7?
47.9 - 52.95 -45 55
56.3 - 59.7 -50 60
70.9 - 75.95 -55 65

54.0 30,0 - 32.7 10 47.9 - 52,95 -44 5"
0,9 - 52.95 -.7 27
56.3 59. -22 32
70.9 75.95 -23 33

54.0 30.0 32.? 10 56.3 - 59.7 -47 57
47.9 52.95 -18 28
56.3 59.7 -23 33
70.9- 75.95 -25 35

54.0 30.0 - 32.7 10 70.9 - 75.95 -55 65
47.9 - 52.95 -26 36
56.3 - 59.5 -30 40
70.9 - 75.95 -30 40

1-24
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TABIE 1-6 (Contiuecd) 2

Subtest 2.10.3

Transmitter Antenna AT-912 Position 2

Receiver Antenna AT-912 Position 3

Sweep Oscillator HP-8601A S/N 912-00810

Spectrum Analyzer 1ZP-6553B/8552A S/N 3339

Significant Control Positions _

rranbmitt-er "Receiver "Spectrum Coupling i

Test Freq MX2799 Band Sweep Osc. P. MX2799 Band Aalyzer Pr Loss
(Kiz) (MHz) (dBm) (Mz) (dBm) (dB)
65.0 •0.0 - 32.7 10 30.0 - 32.7 -33 ,3

47.9 - 52.95 -50 60
56.3 59.7 -45 5")
70.9 75.95 --41 S

65.0 30.0 - 32.7 10 47.9 - 52.95 -48 58
47.9 52.95 -42 52
56.3 59.7 -34 44
70.9- 75.95 .-31 41

65.0 30.0 32.7 10 56.3 - 59.7 -43 53
47.9 - 52.95 -35 45
56.3 - 59.7 -27 37
70.9 - 75.95 -24 34

65.0 30.0 - 32.7 10 70.9 75.1)5 -38 48
47.9 - 52.95 -32 42
56.3 - 59.7 -25 35
70.9 - 75.95 -22 32

1-25
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TABLI I -7

COSiTE COUPLING LOSS, ANTENNA POSITIONS 2 AND 4

Sul't'ist 2.10.3

Tra.ismtLter Antenna AT-912 Position 2

Receiver Anten:,a AT-912 Position 4

Sweep Oscillator HIP-8601A SIN 912-00810

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

Significant Control Positions _

Transmitter Peceiver Spectrum Coupling
Test Freq MY2799 Band Sweep Osc. Pt MX2799 Band Analyzer Pr Loss

(Kiz) (MOiz) (dBm) (MHz) (dBm) (dB)

32.0 30.0 - 32.7 10 30.0 - 2.7 -16 26
47.9 - 52.95 -40 50

56.3 - 59.7 -62 72
70.9 - 75.95 -37 47

32.0 30.0 - 32.7 10 47.9 - 52.95 -36 46
47.9 - 52.95 -56 66
56.3 - 59.7
70.9 - 75.95 -58 68

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 -35 45
47.9- 52.95 -56 66
56.3- 59.7 *
70.9 - 75.95 -52 62

I

*Be1ow sensitivity.
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TABLE I-7 (Continued)

Subrest 2.10.3

Traosmitter Antenna AT-912 Position 2

Receiver Antenna AT-912 Position 4

Sweep Oscillator iP-8601A S/N 912-00810 i

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

Significant Control Positions _

Transmitter Receiver Spectrum Coupling
Test Freq MX2799 Band Sweep Osc. Pt MX2799 Band Analyzer Pr Loss

(MlOz) (MHz) (dBM) (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 -36 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
70.9 - 75.95 -64 74

1-2
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TABLE 1-7 (Continued)

Subtte-t 2.10.3

Trru'smitter Antenna Al-912 Position 2

Receiver Antenna AT-912 Position 4

Sweep Oscillator HP-8601A S/N 912-00810

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

Significant Control Positions __

"transmitter Recetier Spectrum Coupling
Test Freq MX2799 Band Sweep Osc. Pt ?0X2799 Band Analyzer Pr Loss

(MHz) (Mlzl) (dBm) (MIz) (dBm) (dB)

54.0 30.0 - 32.7 10 30.0 - 32,7 -

47,9 - 52.95 -53 63
56.3 - 59.7 -57 67
70.9 - 75.95 -58 68

54.0 300 - 32.7 10 47.9 - 52.95 -52 62
47.9 - 52.95 -23 3j
56.3 - 59.7 -26 36
70,9 - 75.95 -28 38

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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TABLE I-7 (Continued)

Subtest 2.10.3

Transmitter Antenna AT-912 Position 2

Receiver Antenna AT-912 Position 4 A
Sweep Oscillator _ HP-8601A S/N 91 _00810 .

Spectrum Analyzer llP- 8553 A S/N 3339 1

Significant Control Positions _

Tran~r rter Receiver Sp-ctrum CouplInR
Test Frec KX2799 Band Sweep Osc. P MX2799 Band Analyzer Pr Loss 4

(MIiz) (MHz) (dBm) (MHz) (dBm) "IB)

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
70.9 - 75.95 -36 46

65.U 30.0 . 32.7 10 47,9 - 52,95 -50 60
47.9 - 52.95 -44 54
56.3- 59.7 -35 45
70.9- 75.95 -34 44

65.0 30.0- 32.7 10 56.3- 59.7 -48 58
47.9 - 52.95 -46 )6

56.3- 59.7 -27 3/

6 70.9- 75.95 -25 35

65.0 30.0 - 32.7 10 70.9 - 75.95 -39 49
47.9- 52,95 -33 43
56.3 - 59.7 -26 36
70.9 - 75.95 -22 32

41

f -
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"FABLE 1-8

COSITE COUPLING LOSS, ANTENNA POSITIONS 2 AND S

Subtest 2,10.3

Tranimitter Antenna AT-912 Position 2

Receiver Antenna AS-2169/C Position 5

Sweep Oscillator HP-8601A S/N 912-00810

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

Significant Control Positions _

Transmitter Receilver Spectrum Coupling
Test Freq MX2799 Band Sweep Osc. Pt MX2799 Band Analyzer Pr Loss--(MH_)O (M~z) OWJ (MHO) (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
70.9 - 75.95 -44 54

43.0 30.0 - 32.7 10 N/A -42 52
47.9 - 52.95 -36 46
56.3 - 59.7 -30 40
70,9 - 75.95 -45 55

54.0 30.0 - 37 7 10 N/A -54 64
47.9 - 52.95 -27 37
56.3 - 59.7 -34 44
70.9 - 75.95 -38 48

65,0 30.3 - 32.7 10 N/A -53 63
47.9 - 52.95 -40 50
56.3 - 59.7 -31 41
70.9 - 75.95 -31 41

I .- 3a
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TABLE 1-9

COSITE COUPLING LOSS, ANTENNA POSITIONS 2 AND 6I!
Subtest 2.10.3
Transnitter Antenna AT-912 Position 2

Receiver Antenna AS-2169/G Position 6 -

Sweep Oscillator IIP-8601A S/N 912-00810

Spectrum Analyzer HP-85531/8552A S/N 3339

Significant Control Positions

Transmitter Receiver Spectrum Coupling;
Test Freq KX2799 Band Sweep Osc. P MX2799 Band Analyzer Pr Loss

(M•z) (MI- z) (dBm) (__z) (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 - 75.95 -44 54

43.0 30.0 - 32.7 10 N/A -45 55
47.9 - 52.95 -50 61)
56.3 - 59.7 -45 55

70.9 - 75.95 -4 6 56

54.0 30.0 - 32.7 10 N/A *
47.9 - 52.95 -35 45
56.3 - 59.7 -3b 48

70.9 - 75.95 -39 ,49
65.0 30.0 - 32.7 10 N/A -60 70

47.9- 52.95 -48 58 3
56.3 - 59.7 -41 51
70.9-75,95 - 36 46 •

A
*Belo sensitivi

•*Below sensitivity.
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TABLE 1-10

COSITE ,OUPLING LOSS, ANTENNA POSITIONS 3 AND 4

Subtfst 2.10.3

Traismitter Antenna AT-912 Position 3

Receiver Antenna AT-912 Pcsition 4

Sweep Oscillator UP-8601A S/14 912-0410

Spectrum Analyzer HF-8553B/855 S/N 3339

Significant Control Positions

"Transmitter Receiver Spectrum Coupling
Test Freq MC(2799 Band Sweep Osc. Pt MX2799 Band Analyzer Pr Loss

(MIOz) (M14z) (dBm) (Mliz) (dBM) (dB)

32.0 30.0 - 32.7 10 30.0 - 32.7 -3 13
47.9 - 52.95 -38 48
56.3 - 59.7 -40 50
70.9 - 75.95 -22 32

32.0 30.0 32.7 10 47.9 - 52.95 -40 50
47.9 - 52.95 -32 42
56.3- 59.7 A -

70.9 - 75.95 -50 60

32.0 30.0 - 32.7 10 56.3 - 59.7 -52 62
47.9 - 52.95 -60 70
56.3 - 59.7 A -

70.9 - 75.95 A -

32.0 30.0 - 32.7 10 7h.9 - 75.95 -20 30
47.9 - 52.95 -46 56

56.3 - 59.7 A -
70.9 - 75.95 -36 46

1-32
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TABLIE 1-10 (Continued)

Subtest 2,10.3

Transmitter Antenna AT-912 Position 3 -

Receiver Antenna AT-912 Position 4

Sweep Oscillator HP-8601A S/N 912-00810

Spectrum Analyzer HP-8553fl8552A S/N 3339

Significant Control Positions

Transmitter Rceiver Spectrum Couplirg
Test Freq MX2799 Band Sweep Ost. P MX2799 Band Analyzer Pr Lossa(M~z) (MHz) (dBm) (MHO Wmd~) (aB)

43.0 30.0 - 32.7 10 30.0 - 32.7 -23 33
47.9 - 52.95 -20 30
56.3 - 59.7 -25 35
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

70.9 - 75.95 -35 45

43.0 30.0 - 32.7 10 56.3 - 59.7 -24 34
47.9 - 52.95 -22 32
56.3 - 59.7 -24 31.
70.9 - 75.95 -35 45

43.0 30.0 - 32.7 10 70.9 - 75.95 -40 50
47.9 - 52.95 -35 45
56.3 - 59.7 -37 47
70.9 - 75.95 -46 56

AA
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TABLE 1-10 (Continued)

Subtest 2.10.3

Trpnsmitter Antenna AT-912 Position 3

Receiver Antenna AT-912 Position 4

Sweep Oscillator HP-8601A S/N 912-00810 .

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

Significant Control Positions __

"Transmitter Receiver Spectrum CouplinR
Test Freq HX2799 Band Sweep Osc. P MX2799 Band Analyzer Pr Loss

(MHiz) (Mliz) 68.m) (MHzI) (dBa) (d5)

54.0 30.0 - 32.7 10 30.0 - 32.7 -62 72
47.9 - 52.95 -38 48
56.3 - 59.7 -42 52
70,9 - 75.95 -42 52

54.0 30.0 - 32.7 10 47.9 - 52.951 -42 52
47.9 - 52.95 -4 14
56.3 - 59.7 -6 16
70.9 - 75.95 -9 19

54.0 30.0 - 32.7 10 56.3 - 59.7 -48 58
47.9 - 52.95 -6 16
56.3 - 59.7 -7 17
70.9 - 75.95 -12 Z2

54.0 30.0 - 32.7 10 70.9 - 75.95 -43 53
47.9 - 52.95 -9 19
56.3 - 59.7 ..11 21
70.9 - 75.95 -14 24
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TABLE 1-10 (Continued)

Subrest 2.10,3

Traovmitter Antenna A Position 3

Receiver Antenna AT-912 Position 4

Sweep Oscillator HP-8601A S/N 912-00810

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

Significant Control Positions ___

Transmitter Receiver Spectrum Coupling
Test Freq MX2799 Band Sweep Osc. P1  (2799 Band Analyzer Pr Loss

(MH) (Kliz) (dBm) (MOz) (dim) (d0)

65.0 30.0 - 32.7 10 30.0 - 32.7 -43 53
47.9 - 52.95 -43 53
56.3 - 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
70.9 - 75.95 -6 16

T

A

I:
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".I jI ,•: I- I I

COSITI COUPIINC LOSS, i\NIi:NNA IO1SITIONS 3 AND

Sobtest 2.10.3

Transmitter Antenna AT-912 Position 3

Receiver Antenna AS-2169/G Position 5

Sweep Oscillator ILP-8601A S/N 912-00810

Spectrum Analyzer HP-8553B/8S52A S/N 3339 _ _J

Significant Control Positions

Transmitter Receiver Spectrum Coupling
Teat Freq MX2799 Band Sweep Osc. Pt HX2799 Band Analyzer Pr Loss

(MHz) (Mliz) (dBm) (MHz) (dBm) (dB)

32.0 30.0 - 32.7 10 N/'A -20 30
47.9 - 52.95 -34 44
56.3 - 59.7 -57 61
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 30.0 - 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 30=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
-

1-36I
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TABIE 1-12

COSITE COUPLING LOSS, ANTENNA POSITTONS 3 AND 6

Subtist 2.10.3

Tr-,,smitter Antenna AT-912 Position 3

Receiver Antenna AS-2169/G Position 6 A

Sweep Oscillator HP-8601A S/N 912-00810

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

Significant Control Positions

Transmitter Receiver Spectrum Coupling
Test Freq MX2799 Band Sweep Orc. P MX2799 Band Analyzer Pr Loss

(Mlz) (MHz) (dSm) (M1hz) (dBm) (dB)

32.0 30.0 - 32.7 10 N/A -43 53
47.9 - 52.95 -54 64
56.3 - 59.7 * -
70.9 - 75.95 -53 63

43.0 30.0 - 32.7 10 N/A -56 66
47.9 - 52.95 -48 'A
56.3 - 59.7 -55 65
70.9 - 75.95 -60 70

54.0 30.0 - 32.7 10 N/A * -
47.9 - 52.95 -36 46
56.3 - 59.7 -39 49
70.9 - 75.95 -45 55

65.0 30.0 - 32.7 10 N/A *
47.9 - 52.95 -51 (61
56.3 - 59.7 -44 54
70.9 - 75,95 -3e. -

7

i

*Below SCnSitivity.
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"TABLE I - 13

COSI"TE COUPLING LOSS, ANTENNA PIOS1IT'IONS 4 AND F

Subtest 2.10.3

Transmitter Antenna AT-912 Position 4

Receiver Antenna AS-2169/'; Position 5.

Sweep Oscillator HP-8601A 4IN 912-00810

Spectru'n Analyzer IIW-8553B/8552A S/N 3339 _

Significant Control Positions

Transmitter Receiver Spectrum Coup]ing
Test Freq MX2799 Band Sweep osc. P t|-(2799 !Sand Analyzer P. Loss

(Mz) (MHz) (dBm) (MEz) (dBm) (dB)

32.0 30.0 - 32,7 10 NIA -18 28
47.9 - 52.951 -42 52
56.3 - 59.7 -

70.9 - 75.95 -32 42

43.0 30.0 - 32.7 10 N/'A -35 4,
47.9 - 52.95 -39 49
56.3 - 59.7 -36 4
70.9 - 75.95 -47 57

54.e 30.0 - 32.7 10 N/A -50 (A)
7,9 52.95 -2, 39

56.3 - 5'9.7 -34 44
70.9 - 75.95 -30 4.)

65.0 30.0 - 32.7 10) N,/A -48 5'
47.9 - 52.95 -43 53
56.3 - 59.7 -33 43

70.9 - 75.95 -42 52

A

S

•*Below sensitivity.;"

.4
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TABLE 1-14

COSITIE COUPLING LOSS, ANTENNA POSITIONS 4 AND 6

Subte, t 2.10.3

Tra.rimitter Antenna AT-91.2 Position 4

Receiver Antenna AS-2169/G Position 6

Sweep Oscillator HP-8601A S/N 912-00810

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

Significant Control Positions

Transmitter Receiver Spectrum Coupling
Test Freq MX2799 Band Sweep Osc. Pt MX2799 Band Analyzer Pr Loss

(MHz) (KHz) (dBm) (MHz) (dBm) (dB)

32.0 30.0 - 32.7 10 N/A -32 42
47.9 52.95 -54, b4
56.3- 59.7 *
70.9 -. 75.95 -46 56

43.0 30.0 - 32.7 10 N/A -45 55
47.9- 52.95 -44 54

56.3 - 59.7 -48 58
70.9- 75.95 -64 )4

54.0 30.0 - 32.7 10 N/A *
47.9 - 52.95 -39 ý9

56.3 - 59.7 -45 55
70.9 - 75.95 -43 53

65.0 30.0 - 32.7 20 N/A -62 72
47.9 - 52.95 -58 68
56.3 - 59.7 -35 65
70.9 - 75.95 -45 55

--

• Beo,: _=esztivi~y. • .

I=I
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"l'AlBhI-L 5 1-.

COSI'I OIII, I L\• L)SS, AN'IITN.NA IP)SII'ON.S S ANID 0

Subtest 2.10.3

Transmitter Antenna AS-2169/G Position 5

Receiver Antenna AS-2169/G losition 6

Sweep Oscillator HP-8601A S/N 912-00810 -

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

SIgnificant Control Positions

Transmitter Receiver Spectrum Coupling
Test Freq KX27R9 Band Sweep Osc, Pt MX2799 Band Analyzer Pr Loss

00Wz (M~z) (dBM) (Mliz) (dBm) (dB)

32.11 N/A 10 N/A -26 36

43.0 -37 4/

540 -42 52

65.0 -5/4 64

I
I - I (t

I
-- ~1
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TAB1I,1 I

( OPLMVTIONA L SIIBTE1ST FRIEQiUENCY (:OMB I NAT'IONS

Subtest 2.9

Co'ab in. V .cenna No. Equipm nt, and Frequency Mhz)
Ition ""T 2 3 '* 5
,No. PRC2ý PRC-77 VRC-12 VRC-12 VRC-.12 MUX VRC-12 :.X

i 50.40 36.10 32.40* 71.70 41.40 53.90
It 51.90 69.80 32.40 73.50 36.10 71.40

III 32.40 46.90 36.10 68.50 41.40 59.40
IV 69.10 49.70 38.50* 59.10 32.40* 54.10

32.40* 46.90 38.50 74.90 56.80 53.90
VI 50.40 74.30 36.90 49.70 32.40* 41.50

Vii 50.10 73.10 34.10 75.50 43.40 68.20
VIII 71.60 41.20 30.40* 66.10 50.10 55.85

IX 34.60 69.20 32.40* 75.70 50.80 57.30
X 46.60 59.50 30.40* 75.70 34,30* 57.30

Xl 53.60 57.70 32.40 71.60 4i.40 69.20
XII 32.40 38.90 46.90 71.60 58.60 69.90

XIII 38.80 57.50 34.30 71.00 46.90 49.70
XIV 5ý.30 40.30 36.10 75.70 32.50 72.20
XV 53.70 53.10 30.40* 75.20 72.30 75.80
XV1 53.70 51.50 40.30 75.80 S7.50 41.80

XVII 34.90 75.,0 46.90 69.80 52.65 75.80
XVIII 75.80 57.1 B 57.90 36.20 68.60 72.40

XIX 32.90 34.10 40.20 73.70 54.10* 41.90
fXX 50.50* 32.50 36.90 72.10 66.35 69.00
XXI 32.40 46.90 35.40 68.70 57.25* 75.80

XXII 54.10 75.70 34.60 71.50 57,75 41.20
XXIII 34.30- 36.10 40.10 50.20 74.40 75.20

XXIV 49.70. 38.25 51.15 72.75 69.20 70.40
XXV 69.10- 57.55 30.40* 73.20 34.5', 72.30

144

*Frequency unusabtle bec:11, e o0" outside interference.
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"TA B 1,I I1- 1-7

OIRIT-IONAL SUIB'I'LS'', (S+I+N)/(1+N), -I0iS dBm ,
J

Subtest 2,9.3
Desired Signal Level -105 dBm

" Freq S+N j S+I+N Test Receiver Location and
Comb. N 14" Interferer Power Level (Watts)
No. (0) 08) 1 2 3 4 5 6

1-1 14 2 R 2.2 62 74 54 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
I-5(1) 7 5 1.9 2.4 62 70 IR 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 F

11-1 14 2 . 2.1 65 43 57 32
11-2 21 2 2,0 R 65 43 57 37
11-3 10 1 2.0 2.1 R 43 51 3ý
11-4 18 X2 2.0 2.1 65 R 57 3?
11-50() e 6 2.0 2.1 65 41 R 32
11-5(4) 8 7 2.0 2.1 65 11 RP 37
11-6(1) 14 1 2.0 2.1 65 43 51 R
11-6(M 13 1 2.0 2.1 65 to 3 51 R

111-1 16 2 K 2.2 65 55 6? 59

111-2 20 10 1.7 R~ 57 55 60 4b
111-3 16 2 1.7 2.2 R 55 60 48
111-4 16 2 1.7 2.2 57 R 60 48
X11-501) 13 6 1.6 2.3 62 57 R 5
111-5(4) 12 7 1.6 2.3 62 57 R. 52
111-6(1) 11 9 1.5 2.2 65 55 62 I
111-6(4) 12 10 1.5 2.2 65 55 62 K

IV-1 16 2 R 1.7 65 42 53 33
IV-o 22 2 1.5 R. 65 42 53 3.

*V--1 ,

IV-2 1S 6 1.5 1.7 65 R 53 33
*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 6 1.5 1.7 65 '42 53 0

V-1 RtL
V-2 19 7 1.6 P. 65 44 48 if)

*No test because of interference from o'itside source.

R - receiver connected to antenna indicated by column number.
Note: Numbers in parerthese!, are chianiel numbers.

} -12.
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TABLI- I-i7 (Continued)

SubLtet 2.9.3 Desired Signal Level - -105 dBm

Freq S+N S+I+N T"est Rece' L.ocation and
Comb. N "+N Interfere, ,,r Ltvl.(Watts)

No. (da) (dB) 1 2 4 5 6

V-3 15 2 1.6 2.3 ' 44 48 36
v-4 16 3 1.6 2.3 65 R 48 36
V-50l) 16 14 1.6 2.3 65 44 R 36

V-5(4) 17 15 1.6 2.3 65 44 R 36 I
V-6(1) 9 4 1.6 2.3 65 44 48 F
V-6(4) 10 6 1.6 2.3 65 44 48 R

VI-1 14 2 R 1.3 50 72 50 43
Vr-2 19 14 1.6 R 50 72 50 4,3
VI 3 16 5 1.6 1.3 R 72 50 43
VI-4 18 2 1.6 1.3 50 R 50 43

"*V-5(1) R
*VI-5(4)
VI-6(1) 8 1 1.6 i,3 50 72 50 R
VI-6(4) 8 2 1.6 1.3 50 72 50 R

VIl-I 7 2 R 1.4 60 32 58 27
VlI - 2 21 2 2.2 R 60 32 58 2 7
VIJ-3 19 0 1.7 1.7 R 4,7 64 34 1

VII-4 16 0 1.7 1.7 64 R 64 34
VII-5(1) 11 0 1.7 1.7 64 47 R 34
VII-5(4) 12 0 1.7 1.7 64 47 R 34
VII-6(1) 8 2 1.7 1.7 64 47 64 R
V1I-6(4) 10 2 1.7 1.7 64 47 64 R

*VIII-I 17 2 R 2.1 46 68 59 38
VIII-2 21 2 1.3 R 46 68 59 38

*VIII-3 R

VIXI-4 1.6 5 1.3 2.1 46 R 59 38
ViII-5(1) 11 10 1.2 2.2 52 9? F 34

11111-5(4) 11 10 1.2 2.2 52 92 R 34
VI1T-6(1) 18 9 1.3 2.1 46 68 59 R
11111-6(4) 19 12 1.3 2.1 46 b5 :)

IX-i 19 2 R 1.5 56 50 54 46
IX-2 20 2 1.5 R 56 50 54 46

*IX-3 R.
IX-4 16 1 1.5 1.5 56 F 54 46

X-5(1 ) 10 1 _ 1,4 1.4 57 53 R 47

*No test because of interference from outside source. 4
R - receiver connected to antenna indicated by columhl numbfher.
Note: Numbers in parentheses are channel numbers. !

j 1-43
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T,6BLE 1-17 (Continued)

Subtest 2.9.3 Desired Signal Lev I -105 d6m

Fceq 54N F+I+N Test Receiver Location anA
-.mb. N I+-- Interferer Power Level (Watts)
No. (dB) (dB) 1 2 3 4

IX-5(4) 9 1 1.4 1.4 57 53 1R 47
IX-6(1) 8 1 1.5 1.5 56 50 54 R
IX-6(4) 9 1 1.5 1.5 56 50 54 R

X-1 16 2 R 1.2 59 50 48 46
X-2 19 2 2.4 R 59 50 48 46

*X--3 R 4

X-4 17 2 2.4 1.2 59 Rf 48 46
*X-S(1)
*X-5(4) P
X-6(1) 10 1 2.4 1.2 59 50 48 K
X-6(4) 12 1 2.4 1.2 59 50 48 R

XI-I 13 2 R 2.0 57 64 60 48
XI-. 16 5 i.8 R 57 64 60 48
XI-3 18 6 1.8 2.0 R 64 601 48
XI-4 12 2 ' i 2.0 57 R 60 48
1(1-5(1) 12 e- 1.8 1.8 2.0 I57 ft 4t I A
XI-5(4) ll 9 1.8 2.0 57 64 R 48
XI-6(1) 17 5 1 8 2.0 57 64 60 R
XI-6(4.) 12 2 1.8 2.0 57 64 60 R

XII-1 18 7 fR 2.6 69 46 5p 30
XII-2 21 13 1.6 R 69 46 58 30
X/I-3 I1 0 1.6 2.6 R 46 58 30
XII-4 16 5 1.6 2.6 69 F. 58 30
XII-5(1) 7 2 1.6 2.6 69 46 R 30
XII-5(4) 10 7 1.6 2.6 69 46 R 30
XII-6(1) 12 1 1.5 2.8 75 66 61 R
XII-6(0. 13 1 1.5 2.8 75 66 61 k

XIII-I 18 5 j 2.1 bO 7o 54 38
MI(1-2 20 2 1.5 R 60 70 54 38

XIII-3 10 6 1.5 2.1 R 70 54 38
X111-4 17 7 1.5 2.1 60 R 54 38

XIII-5(l) 11 7 1.5 2.1 60 70 R 38
XIII-5(4) 10 8 1.5 2.1 60 70 R 38
X111-6(1) 8 4 1.5 2.1 58 71 58 R

S4lllI-6(4) 8 1 5_ 2.1 58 71 58 P.

*No test because of interference from outside source.

F - receiver coninecttd to antenna indicated by culunm nujiler.

Note: Numbecrs in parentfhses are'i chanriel numberv,.

' I 1-4.1
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TI
"TABLII 1-17 (Conti nued)

StuittUt 2.9. 3 Desired Signal Level -105 dBm

tro', S÷N T.1-tN Test Rereiver Location and
,mL. N J+N Interferer Po er Level (Warts)

No. (dB) (dB) 2 3 4 5
-2

Viv-, 2 R 2.0 62 51 47 42
XIV-2 22 1b 4.3 R 62 51 47 42
XlV.-3 12 2 4.3 2.0 R 51 47 42 -A

XIV-4 16 4 4.3 2.0 62 R 47 42
XIV-S5(1) 4 1 3.8 2.0 62 50 R 46
XIV-5(4) 5 - 3.8 2.0 62 50 R 46
XIV-6(1) 34 7 3.8 2.0 62 50 48 R
XIV-6(4) 13 6 3.8 2.0 62 50 48 P

I
/.V-I 16 2 9 1.1 47 46 50 36
XV--2 22 2 1.F R 47 46 50 36

*XV- 3 I hI

XV-4 16 2 1.8 1.1 47 R 50 36
XV 5(1) 13 10 1.8 1.ý 52 46 R 36
Xn 5(4) 14 10 1.8 i.j 52 46 4 36

XV-6(4) 8 1 1.8 1.1 I52 46 46 R

XVI-) 11 2 p 2 2 64 52 47 21

XVI-2 19 2 1.6 P 64 52 47 21
XVI-3 17 1 1.6 '.2 o' 52 47 21
XVI-4 15 10 1.6 1.2 64 x 47 2i
XVI-5(1) 10 6 1.6 2.2 A6 / 2 5' 21
XVI-5(4) 10 6 1.6 2.2 6/' 52 R 21 I
XVI-6(1) 8 1 1.7 2.2 7, 52 50 R1

XVI-6(4) 8 1 1.7 2.2 73 52 50 5<

XVii-i 18 2 p 2.1 69 89 43 30
XVII-2 20 2 1.4 P 69 89 43 30XVI 1-3 ; 8 1 1. Ž 9. 8 89 43 1 30

XVI - 4 17 2 1.4 2.1 69 R 43 30
XVII-5(1) 9 7 1.4 2.1 69 89 R 30

XVII-5(4) 9 7 1,4 2.1 69 89 R 30
XVII-6(1) 12 5 1.'/. 2.1 69 89 43 P
XVII-6(4) 12 10 1,4 2.1 69 89 43 R5

xv1I1-1 16 1 1t 2.5 48 38 V', 40

XVIII-2 19 2 1,8 R 48 38 60 40

*No test hccausc of i|terfercncce froo , OW, do soure(,
R - recciver connecte:d to ua• tcnnlu i;lpn ,tod by c011, i 11rJI,,,-. 0

Note: Nwiibcrs ill wi FLnth,:MC' drc chianrit ni';jbcr. -

1-45
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TABLE 1-17 (Continued)

Subtest 2.9.3 Desire4 Signal Level - -105 dbm

Freq S+N S+I+N Test Receiver Location and
*'uub. N I+N Interferer Power Level..Watts)

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

XVIII-3 16 2 1.8 2.5 R 38 60 40
XVIII-4 15 2 1.8 2.5 48 R 60 40
XVIII-5(1) 11 1 1.8 2.5 48 38 R 40
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 Ft
XVIII-6(4) 10 1 1.8 2.5 48 38 60 R

xIX-i 15 1 R 3.5 70 43 54 13
XIX-2 19 2 1.7 R 70 43 54 13
XIX-3 17 2 1.7 3.5 R 43 54 13
XIX-4 16 12 1.7 3.5 70 R 54 13

*XIX-5(1) R
*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 R 52 s7 (i 46
XX-3 17 6 1.7 2.0 R 57 60 46
XX-4 18 1 1.7 2.0 52 R 60 46
XX-5(1) 11 6 1.7 2.0 52 57 R 46
XX-5(4) 10 7 1.7 2.0 52 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 57 60 R

XKI-I 17 1 R 2.2 59 58 42 25
XXI-2 18 2 1.7 R 59 58 42 25
XXI-3 16 1 1.7 2.2 R 58 42 25
XXI-4 19 3 1.7 2.2 59 R 42 25

*XXI-5(1) R
*XXI-5(4) R
XXI-6(1) 9 9 1,7 ?.2 SO 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
XXII-2 21 12 2.0 R 54 65 51 27
XXII-3 17 11 2.0 1.2 R 65 51 27
XXII-4 18 12 2.0 1.2 54 K 51 27

X~I-1I I 1 _2.0 1.2 56 65 R _ 7

*No test because of interference from outside source.
R - receiver connected to antenna indicated by column number.
Note: Numbers in parenthescs are channel numbers.
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TAB3LE 1- 17 (Cont i•ucLd)

Subtest 2.9.3 Desired Signal Level - -105 dBm

SFt'eq S+N S+1+N I Test Receever Location and

Comb. N I+N Interferer Power Level (Watts)
No. (d0) (d0) 1 2 3 4 5 6

XX9I-5(4) 10 1 2.0 1.2 54 65 R 27
XXII-6(4) 9 6 2.0 1.2 54 65 51 R
XXII-6(4) 10 6 2.0 1.2 54 65 51 R

XXIII-1 19 . R 2.3 67 87 40 32
XXIII-2 20 2 1.7 R 67 87 40 32 1
XXIII-3 10 1 1.7 2.3 R 87 40 32
XXIII-4 19 5 1.7 2.3 67 R 40 32

SXXIII-5(1) 11 1 1.7 2.3 67 87 R 32
SXXII-5(4) 11 1 1.7 2.3 67 87 R 32
SxxII-6(i) 10 1 1.7 2.3 67 87 40 R
•-XXIII-6 (4) 11 1 1.7 2.3 67 87 40 R

"XXIV-1 15 2 R 3.2 51 43 38 17 ,
XXIV-2 21 0 1.1 R 51 43 38 17
XXIV-3 16 1 1.1 3.2 PR 43 38 17
XXIV-4 18 1 1.1 3.2 51 R 38 17
XXIV-5(1) 15 1 1.1 3.2 51 43 R 17
XXIV-5(4) 16 1 1.1 3.2 51 43 R 17
XXIV-6(1) 10 1 1.1 3.2 51 43 38 R
XXIV-6(4) 10 1 1.1 3.2 51 43 38 R

XXV-1 16 1 R 2.1 46 44 54 38

XXV-2 21 0 2.3 R 46 44 54 38S*XXV-3 R

XXV-4 18 0 2.3 2.1 46 R 54 38
XXV-5(1) 10 1 2.3 2.1 46 44 R 38
XXV-5(4) 10 1 2.3 2.1 46 44 R 38

XXV-6(1) 9 1 2.3 2.1 46 44 54 R
XXV-6(4) 10 1 2.3 2.1 46 44 54 R

/Ai "

I *No test because of interference froni ottr. 'de source.
R - receive, coifluCn-ed to aintenn.. indi ';t o::d by :olunir, 1nutljlcr.
Note: Numbers in parentheb es are channel numbers.

i 1-47
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TABLE 1-18

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

Subtest 2.9.3 Desired Signal Level = -95 dism

F-eq S+N S4I+N Test Receiver Location and
C>omb. N I+N Interferer Power Level (Wa~tN)

"". (dB) (dB) 1 2 3 4 5 '

1-1 20 2 R 2.2 62 74 64 32
1-2 20 2 1.7 R 62 74 64 32

*1-3R
1-4 19 2 1.7 2.2 62 R 64 32
1-5(0) 21 18 1.9 2.4 62 70 k 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 H
1-6(4) 21 21 2.0 2.3 64 68 62 R

11-1 18 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) 2U 16 2.0 2.1 65 43 R 322
11-5(4) 19 16 2.0 2.1 65 43 R 32
11-6(l) 21 1 2.0 2.1 65 43 51 R
11-6(4) 22 2 2.0 2.1 65 43 51 R

111-I 19 2 R 2.2 65 55 62 59 I
111-2 21 21 1.7 R 57 55 60 48

111-3 19 2 1.7 2.2 R 55 60 48
111-4 20 2 1.7 2.2 57 R 60 48
111-5(l) 23 15 1.6 2.3 62 57 R H 2
111-5(4) 22 17 1.6 2.3 62 57 R 52
111-6(1) 21 20 1.5 2.2 65 55 62 R
111-.6(4) 21 20 1.5 2.2 65 55 62 R

21 2 R 1.7 65 42 53 3 3
IV-2 23 2 1.5 R 65 42 53 31*IV-3 R

1V-4 21 13 1.5 1.7 65 R 53 '1*IV~5(l)
*IV-5(4) R s

IV-6(1) 21 16 1.5 1.7 65 42 53 F
IV-6(4) 20 17 1.5 1.7 65 42 53 R

*V-I R
V-2 21 17 1.6 R 65 44 48 36

*No test because of interference from outside source.
R - receiver conhecteý to antenna indicated by column numhur.
Note: Numbers in parentheses are channel numbers.
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TABLE 1-18 (Continued)

5jbEsL 2,9.3 Desired Signal Level. -95 dBm

,eq S+N S+I+N Test Receiver Location and i
1 -,nb N I+Nt Interferer Power Level (Waits)
NJ. (B) (dB) 1 2 3' 5

V-3 20 13 1.6 2.3 R 44 48 36
V-4 19 16 1.6 2.3 65 R 48 36
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) 20 16 1.6 2.3 65 44 48 R
V/-6(4) 20 j13 1.6 2.3 65 44 48 R

VI-1 22 2 R 1.3 50 72 50 43

VI-2 23 22 1.6 R 50 72 50 43
Vl-3 21 10 1.6 1.3 R 72 50 43
V1-4 18 3 1.6 1.3 50 R• 50 43

*VI-5(l) R
*VI-5(4) IF

VI-6(l) 21 4 1.6 1.3 50 72 50 R
VI-6(4) 20 4 1.6 1,3 50 72 50 R k

I5
V II-I 20 2 R 1.4 60 32 58 7
V11-2 23 2 2.2 R 60 1 32 58 27
'111-3 22 0 1.7 1.7 R 47 6,4 3?4
VI'-4 20 0 1.7 1.7 64 Fi 64 34 1
V'I-5() 22 0 1.7 1.7 64 47 R 34
VI'-5(4) 22 0 1.7 1.7 64 47 H 34
VII-6(l) 20 2 1.7 1.7 64 47 64 k

V11-6(4) 20 2 1.7 1.7 64 47 64 R

LII-I 21 2 R 2.1 46 68 59 38

'/111-2 22 2 1.3 R 46 68 59 38 1
*VIII-3 R

VIII-4 20 15 1.3 2.1 46 R 59 38
VIIl-5(l) 22 21 1.2 2.2 52 92 R 34
VIII -5(4) 20 19 1.2 2.2 52 92 R 34
VtII-6(1) 22 18 1.3 2.1 46 68 59 R
VIll-6(4) 22 18 1.3 2.1 46 68 59 R

IX-1 22 2 R 1.5 56 50 54 46
LX-2 22 2 1.5 R 56 50 54 46

*IX-3 R I

*No test because of interference from outsiide source. -

R - receiver connected to antenna inrdicated by columan 1iuj'ier,
Note: Numbers in parentheses arc channel numbrjur..

Iii
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TABILI I-IS (Continued)

Subt.st 2.9.3 Desti.d Signal Level i--95 dlmi

.req S+N S*I+N Test Receiver Location and

;omb. N I+N Inrertrerr Power Level (W,-t.)
N. (dB) (d3i) 1 2 3 4 5

IX-4 20 1 1.5 1.5 56 R 54 46
iX-5(1) 23 1 1.4 1.4 57 53 -, 47
IX-5(4) 20 1 1.4 1.4 57 53 k 47
IX-6(1) 19 3. 1.5 1.5 56 50 54 R

X- 21 2 R 1.2 59 50 48 46

x-2 22 2 2.4 R 59 50 43 46
*X-3 R

X-4 19 2 2.4 1.2 59 R 4. 46
*x.-5 (1) ,1
*x-5(4)
X-6(1) 21 1 2.4 1.2 59 50 48
X-6(4) 20 1 2.4 1.2 59 50 43 K

X1-1 21 2 R 2.0 57 64 6( P'.
X1-2 21 6 1.8 R 57 64 6' 4h
XI-3 21 12 1.8 2,0 R 60 4;)
X)-4 L7 2 1.8 2.0 51 R 60 4•-i
XI-5(0) 22 18 1.8 2.0 57 64 R 48
XI-5(4) 21 20 1.8 2.0 57 64 K 46;
XI-6(1) 21 11 3.8 2.0 57 64 60 R
X1-6(4) 19 10 1.8 2.0 57 64 60 K

X1L-1 21 7 R. 2.6 69 46 58 30
XI1-2 23 19 1.6 R 69 46 58 30
XII-3 19 0 1.6 2.6 R 46 58 30
X11-4 20 10 1,6 2.6 69 R 58 30
X11-5(1) 24 16 1.6 2.6 69 46 P 30
XII-5(4) 22 18 1.6 2.6 69 46 . 30
XII-6(1) 22 1 1.5 2.8 75 66 61 R
X11-6(4) 20 1 J 1.5 2.8 75 66 61 P

XI1-1 21 17 R 2.1 60 70 54. 38
XIII-2 23 7 1.5 R 60 70 54 38
XI11-3 20 8 1.5 2,1 R 70 54 38
X11I-4 19 15 [I1. 5  

2.1 60 R
1

54- 38

*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 1-IS (COntilfued)

Subta Lst 2,9.3 Desired Signa| LUve, . -9', dwir

[ -req S+N S+I+N Test Recet.ver l.-otatlon and
(umb. N, I+N _ Interfeter Puwvr L,,veL. Wat ts)

N a . ( d x) ( d B ) 1 -3 - 4 5 6 -

X t1-5(1) 22 16 1.5 2.1 60 70 R 38
XI[I-5(4) 21 17 1.5 2.1 60 70 "R 38
XJ11-6(1) 21 18 1.5 2.1 58 71 58 R

X111-6(4) 1) 12 1.5 2.1 58 7] 58 K

XIV-1 20 2 R 2.0 62 51 47 42
XIV-2 22 21 4.3 R 62 51 47 42
xI-3 20 2 4.3 2.0 R 51 47 42

X[V-4 18 7 4.3 2.0 62 P. 47 42
XIV-5(1) 19 13 3.8 2.0 62 50 R 46
X[V-5(4) 16 13 3.8 2.0 62 50 o '" 46
XIV-6(l) 22 20 3.8 2.0 62 50 48 11,

XV-2 21 2 R 1 .8 47 46 501 3f
XV-2 22 2 1.8 R 47 46 50 ,
*XV-3 R.
xV-4 17 2 1.8 1.1 47 R 501 3f
XV-5(1) 23 21 1.8 1.1 52 46 RP.
XV-5(4) 20 19 1.8 1.1 52 46 it 3
xv-6(i) 21 1 1.8 1.1 52 46 46 R

XV-b(4) 19 1 1.8 1.1 52 46 46 k

XVI-1 19 2 R P 2.2 64 52 47 21

XVI-2 21 9 1.6 R 64 52 47 21
XVI-3 21 1 1.6 2.2 R 52 47 21
XVI-4 17 1.6 1.6 2.2 64 R 47 I 21
XVI-5(l) 20) 18 1.6 2.2 64 52 R 21

XVI-5(4) 20 17 1.6 2.2 64 52 K I 21
XVI-6(1) 20 1 1.7 2.2 73 52 50 R

XVI-6(4) 19 2 1.7 2.2 73 52 5o R

XVII-I 20 4 R 2.1 . 69 89 1 43 30
XVII-2 21 2 1.4 R 69 89 43 30
XVII-3 21 6 1.4 2.1 R 89 43 30
XVLi-i 18 2 1.4 2.1 69 R I 43 0
XVII-5(1) 19 17 1.4 2,1 69 89 R 30

• test because of interference from oltside source.

R - receiver connected to antenna indi cated by c(0],iini ,umhlfrb ,
Note: Numbers in parentheses arc channcl numbers.

.1
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TAMYI 0-8(k,n1thikled) .-

Subtvo.t 2.9.3 Desired Signal Level '-95 diBm

F' Qq S+N S4.I+N Test Receiver Locatiton and
":-nb. N 1N n Interferer Power Level Wats)

(do) (dB) 112 516. - -- i --- -r- V. -T-

xvii.5 (4) 17 1i 3.4 2.1 69 k9 R 30
XVI-6(1) 23 22 1.4 2.1 69 89 43 i I

'XVlI-6(4) 22 19 1.4 2.1 69 89 43 R

XVUIt-I 21 1 K 2.5 48 38 60 40
XVIII-2 20 2 1.8 K 48 38 60 40
XVIII-3 21 2 1.8 2.5 R 38 60 40
XVI1I-4 20 11 1.8 2.5 48 RI. 60 40
xVVrIl-5(l) 21 8 1., 2.5 48 38 V 40
XVIEI-5(4) 22 9 1.8 4.5 46 3S d 40
XVIII-)(1) 21 1 1.8 2.5 48 38 60 R
XVIII-6(4) 20 1 1.8 2.5 4P 38 60 K

Xlx-I 2Q 2 2 3.5 70 43 54 13
XIX-2 19 2 1.7 K 7C 43 54 J3

XTX-3 2' 1 1.7 3.5 R 43 54 13
18X--4 I1 17 1.7 3.5 70 R 541 13 4

*XIX-5(i) 1R
*XIX-5(4) .
XIX-6(1) 19 1 1.7 3.5 70 43 54 R
XIX-6 (4) 1.8 1 1. 7 3.5 70 43 51 R

U-2 20 19 1.7 R 52 57 60 45
XX-3 22 10 1.7 2.0 R 57 60 46

XX-4 20 3 1.7 2,0 52 R 60 46
XX-5(1) 22 15 /1. 2.0 57 R 46XX-5(4) 20 16 1..7 2.0 57 R 4,5

jKX-6 (1) 211 15 1.7 2.0 52 5, 6jr0 R

XX-6 (4) 20 16 1.7 2.0 52 57 60 R

XXI.1 19 8 R 2.2 J7 1 ;W If0
XXI-2 21 5 1.7 R 55 5 60 46
XXI-3 22 1 1.7 2.2 R 46
XXI-4 20 4 1.7 2.2 5946

*XXl-5(1) .R'

*XXI-5(4)R

*No test because of interferenco from outside sourc'.
R - receiver connected to antenna indicated by column number.
Note: Numbers in i•arentheses are channel numbers,

i-52
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TABLE I - 1 8 (Cont inucd)

Subhe't 2.9.1 Desired )ignal Ievel] -95 dim

,req S-4- 4N Tesit Receiver Loecatlon all,,

)tb, L' I Interferer lPwer _Lve (0a, t
No. (dH) (Cr) 1 2 3 A 5 I-

KXI-1S(1) 20 20 1.7 2.2 59 58 160 11

XXI-6(4) 2C 20 1.7 2.2 59 58 60 R.

XXII-I 19 18 H 1.2 54 65 51 2i
XY1I-2 2Z _ 9 2,0 R 54 65 5i 27 I
HX31.-3 22 16 2.0 1.2 R 65 51 27
XX19-4 1 7 2.0 1.2 54 R 5 1 2/

XXnI-5() 19 .1 2.0 1.2 54 65 27

X)X 11-5(4) 2( 1 2.0 1.2 54 65 h 27

XXW!-6() :0 18 2.0 1.2 54 (j 51 8 3

XX11-6(4) 19 8 2,0 1.2 54 6 51I

XXII-..1 21 1 x 2.3 67 8V 40 32
XXII-2 21 3 1.7 R 62 87 40 32
XKII-3 21 2 1.7 2.3 k 87 4 -32
.0111-4 23 18 1.7 2.3 67 ; 40 321

XXI11-5(i) 20 I1 1.7 2.3 67 87 R 32
)X II- 5(4) 21 1 1,7 2.3 67 87 p 2

XXILI6(1) 20 3 17 23 67 40
XXITI-6(4) 20 3 1.7 2.3 67 87 40 R

XXIV-1 20 2 k 3.2 51 43 38 17
X-XIV-2 22 0 1.1 F 51 43 38 17
XXJV-3 20 4 1.1 3,2 R 43 38 1.7
XX IV-4 20 1 1.] 3.2 51 p 38 17
XXIV-5(i) 21 9 1.1 3.2 51 43 R 1/
XXIV-5 (4) 21 9 1.1 3.2 51 43 R 11
,XiV-6() 20 1 1.1 3.2 51 4 3 38 H

XXIV-6(4) 19 1 1.1 3.2 51 43 38 R

XXV-1 21 1 R 2.1 46 44 54 3h
XXV-2 21 0 2.3 R 46 44 54 38*M V -; ] R, I

II-([ 21 - 0 2.3 2.1 46 R 5 3I
rxV-5(1)Io) 18 8 2.3. 2.1 46 44 H 1381

18-,(4 i .0 2.3 2 .1 46 441 R 1381
X.XV-6(1) 20 1 2.3 2.1 46 44 54
X.0-6 (4)I 10 j 1 2.3 J2. 1 46 fu 44 1i

*No test becau'e of interference from outside sorcu.

R - receive2r cornniecLted to anterna indj iaTed by Co 11111 iIlillwbIr,

Note: Numbers in parentheses ;,re channel1 number:;.

S~1-53
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T'ABU:F 1-19

Orb-RATIONALI SULT.ST, INTVAI ERIIR ISOLATION, -IO5 dBm

SOLteto 2. 93 . Desired Signal Level - -105 dhm

;req S+N S+1+11 Teat Rteceiver, Location and
Coub. N I-+ It.-.rferer Power Level .Watts)*

4o. (da) (dB) 4 J5 6-2

V.-2 22 3 1.? R 66 44 50 32

3 66 44

V-3 14 7 1., 2.) ( 41, 50 32
t 44 50 1

V-4 15 3 1.7 2.0 66 R 50 32

66
4 5, 50 32

VI-i 11 1 R 1.2 114 82 4ý 72

2 R 44 48 22

VJ-3 17 1- 1 .6 1.2 R 82 48 22

VI-4 15 1 1.2 44 p 48 22
2 16

VI-6(1) 13 2 1.6 1.2 44, 82 48 8

7 1.6

5 82 V

348 P,
2 1.6 1.2

VI-6(4) 10 3 1.6 1.2 44 82 48 14

1.2 82 48 K

Vii-1 1 2 r 1.6 62 48 63 36
P2 R 1.6

VII-2 22 0 1.4 K t2 48 (3 36
0 1.4 11
2 R 62 48 36

2 4Z 63 36

VII-3 16 3 1.4 6 4• 63 36

2 4 4, 63

VII-" 14 0 1.4 1.4 56 R 63 3f,
o 56 1, 63

""l-,10) to 0 1.4 1.4 56 48 K 16

2 56' ".s
- 1 1.4 I.4 A , R 16

3 '

VLI1-*(1 0 3 1.4 1.4 56

*lJlan• SlICU5 jindi 2ate ty'6isnitters ofI.

F.. - YT-ceivers vllmeCtcd to altu l ii IiLitc¢td hy coJuI,'1 1it'I,.)el.

Na.te NuiIubelx", in pal'relithliess a,-c chriml v jmber,

I - !,4
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"IAIL 1-11) (Continutwd)

Suhttst 2.9.1 Desired Sigual Level -1O5 drn

I S-.:~ 4-14S6r Re(.,iver Locaction at;,!I
-hwI . N 1+N Tnterferer Power Levl (Watt,-')*

No. (d (dB) 1 2 3 .4

V!I-6(4) 1 1, 1.4 1.1. 56 48 63 R

~I122 1.4 2' 46 63

vII1-1 16 2 R 1.2 2(. 95 j6. 272 x, 95
2 1 .12 26b

I-2 22 0 ,6 R 26 95 64

VIii-4 15 3 2.1 1.2 , 6., 1 2
4 2.6 1.2 2'j K
3 1 2 ;1 6 R 64
4 1 .2 2?' R
4 2.,6 1.2 R. 6'. 27
4 24 1v 6. :p

ViIl-6(4) 8 I 8 2.6 1 .2, .V

IX-1 18 2 R 1 50 5 3 /1 22
2 R So{

IX-2 2 o 1S R SO 5's 3,. 2)

1X-4 3 1.5 1 4 5u F 34 22
2 1.4 F 31, 22

RJ p / 22 4
IX-5(.) 9 u I 5 1 4 50 53 p 22

.4 153 21 w
5f' 4: 51 H. 22

OX-'(4) 9 0 1.5 1 4 Sv 5 22

0, R~.I S 22

0 1 .4 '
S501

""H;14 Sa(U {I,,J i t.! t ,It'"y,' o1T. I
R - Tic( 1 vu Lomit t ticd t.) ;,n tcrlmia indii ,atcd by c ,lu I lr imiil)¢p,mh

fir)tc: Nutjhors in pari-tthec: u, ar. cl-rim.I rInu ful)0's1.

-J

I. - !,
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T'ABIL 1-19 (CmntinucdJ

SuhtbLut 2.q,3 Dealir4 Signal i~vel - -105 dBm

Freq S÷N [.-I+N lent keceiver Location anliA
Comb. N I÷N Interferer Power Levtl (Wa tEs*
No. 08B) (dB) 1 2 3 J4 5 6

X-1 18 2 1.2 30 54 34 22
2 R 1.2 30 54

X-2 20 2 1.8 R 30 54 34 22
2 1.8 R 30 54

X-4 15 2 I. 1.2 30 R 34 22
2 1.8 1.2 20 R

X-6(l) 18 0 i, 1.2 30 '' 34 R
0 34 R

X-6(4) 14 0 1.8 1.2 30 54 34 R
1 34 R

XI-1 12 2 R 1.8 65, 64 38 20
5 R 1.8
2 R 1.8 71,
2 R 65 614 38

XI-2 14 14 1 .3 R 65 64 38 26
XI--3 17 3 1.6 1.8 R 64. 38 26

4 1.8 R 64 26 I
4 1.6 R b1 4 8 26

Xl-4 17 i 6f 1.8 65 R 38 26
I 1.8 6 26

ft 38 26
1 1.6 65 p 38
2 1.6 65 R 2t

:XX-6ti) 14 1 1.6 1.8 65 64 38 R•

3 3 1.8 R
3 3 64 R

Xl-64) 13 2 1.6 1.8 65 64 38 R
3 1.8 R
4 64

Y11-3 1 0 1,7 2.b R 62 58 30

0 30
4 F V )

2 1.7 2.6 F I 8 33 so

X11-5(1) • i 3 1.7 2.6 64 62 a 30

1.2 ftj 62 ft 30

' I) 11 ri l.;Jccs i te tr;j:•1;ia 1cr ,ii,
T (- Lt Cei,' rs ' t U'J tj W,1 ;Jr.r':h jrj I jl:'j I,' ,J'J ' I) W hl,,

0AI I 4(4j 43

:++,r• • 4A. Wh-~'Lr E M, p.tj, ' f! ;'.. q.•'l.d h I .M ]A~4U I#lt .,' "; .
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TABLE 1-19 (CoAt i ued)

Subtest 2.9.3 Desired SIpnI Lexel = -105 dBM

Freq S+N i+ -+N Test Receiver Location and

Comb. N I+N Interferer Power Lev 1 (Watts)*
No. (dB) (dB) 1 2 3 " 5 6

X11-5(4) 11 3 1.7 2.6 64 62 R 30
4 62 R 30
3 2.6 64 62 R

XII-6(1) 13 1 1.7 2.6 64 62 58 R
1_64 R

162 R
X11-6(4) 12 1 1.7 2.6 645 62 58 R

264 R
1 ~62

XITI-4 16 13 Rt 2.0 56 66 56 20
6 R 56

XI.11-2 21 9 1.6 R 56 66 56 20
10 R 56 66 56 20

XltI. 4 13 11 1.6 2.0 56 R 56 20

2 R 1.9 64 57 51 38
2 F 1.9

_'XA - 3 1 8 I /.3 1.9 R 57 51 381 , .9 R 57

2 1.9 R 57 38
S1 57 53 38

XV- 6 7 4.3 ¾ 64 R 53 38
1Xi-.1 13 1 4.3 1.9 64 57 53 H

X~i6() 164 ft
XIV-6(4) 21 I 1 4.3 1.9 64 57 53 H

i 64 Rf

xv-l 12 R 1.1 50 46 50 22
J. R 46 1. 22

XV-2 23 50 46 50 22
r '1 2.3 K 4

XV-4 16 1 2.3 1. 50 r 50 22
IR 22

1XV-6C) 12 1 2.3 111 50 46 50 R
46 k

i......i. 1 __ ... . ......L1.4 4

Sarik s;.'2ccs i nd icC; t t ra nmi tttcr,; of I.T
"..,t~ant evu.l of (x.xtv-na] interf'crenc,.

recei ver-s corlncctL'd 10( anteliwg i adi ~i ted iby col umi nlumbi..• ~~Not_ : Numbers inl p)ar'n2hls.}le~2 arIc cjiajl(-] numllbers.

1-57
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TABLE T-19 (Continued)

Subteet 2.9.3 Desired Signal Level - 105 dBm

Freq S+N Test Receiver Location and
Comb. N I+N , .Intar~feret Power LeveI (watts)*

No. (d0) (dB) 1 2 3 5 6

XV-6(4) 11 1 2.3 1.1 so 46 50 R
1 46 R A
1 1.1 50 a

XC41-2 21 2 2.4 R 68 54 46 16
2 2.4 k 68 54 16

XVT.-3 10 7 2.4 2.2 R 54 46 36
2 R 16

X€I-6(l) 10 1 2.4 2.2 68 54 46 R
I 68 R

XVI-6(4) 11 2 2.4 2.2 68 54 46 R
2 68 R

XVII-I 19 1 R 1.5 70 92 46 26
2 R 70 92 j26

XVII-2 22 2 1.5 R 70 92 46 26
2 2 R 26
I 1 R 70 9rý 4

XX-2 17 5 1.6 P. R 0 5, 60 44
5 R 48 I

)X- 10 7 1.6 2.8 R 57 60 44
XX-4 38 1 1.6 2.8 48 R 60 44

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
1 57 60

XXI-1 19 2.0 60 59 44 25
2 R 60

*Blank spaces indicatc transmitters oft.
R - receivers coonected to antenna indicated by column number.

Note: Numbers in parentheses are chani~nc nwj}nhri.

1-5. i
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'!'ABI. 1-20 A
OPERATIONAL SUBTEST, INT1RVERER ISOLATION, -95 dBm

Subtrest 2.9.3 Desired Signal Level - -95 dUm

Freq S+N S+I+N Test Receiver Location and
Comb. N I+N Interferer Power Level (Wattx.)* I

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

VI-1 17 2 R 1.2 44 6,' 48 22
2 R 8z •

1 R 44 48

VI-3 20 17 1.6 1.2 p 82 48 22
VI-4 18 1 1.6 1.2 44 P 48 27 4

, 1.6
VI-.6 (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 82 48 HJI
4 44 F
5 1.6 1.2 82 48 P

VlI- J. 2? 2 H 1.6 62 46 63 36
VII-1 23 0 1.4 62 48 63 362 R 1.6
V11-2 123 0 1.4 R 62 48 63 36

0 1.4 R
2 R 62 48 63 36

VII-3 20 1 1.4 1.6 R 48 63 36
1 R 48 63

VII-4 19 0 1.4 1.4 56 R 63 36
1 56 R 63

VII-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
o 56 4R

VII-6(1) 22 3 1.4 1.4 56 48 63 R
2 56 R

VII-6(4) 22 2 1.4 1.4 56 48 63 k
"2 56 U

VIII-1 21 2 R 1.2 26 95 64 27

•'2 R 1.2 26

'V111-2 23 0 2.6 R 26 95 64 23
0 2.6 R 26

IX-1 21 11 R 1.4 50 53 34 22

*Blank spaces indicate transmitters off.

Note: Numbers in parentheses are channel numbers.

g 1-59
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ESD-TR- 73-(010 Appendix 1

TABLE 1-20 (Continued)

Subtest 2.9.3 De•ired Signal Level - -95 dbiw

Freq S+N S+1+N Test Receiver Location and
Comb. N I--N Interferer Power Level (Watýfi)*
No. (dB) (dS) 1 2 3 1 4 5 6

IX-2 22 0 1.5 R 50 53 34 22
0 1.5 P_

IX-4 18 3 1.5 1.4 50 R 34 22
2 1.4 R 34 22
3 50 R 34 22

Ix-5(1) 18 0 1.5 1.4 50 53 R 22
o 1.4 53 f 22
0 50 53 R 22

IX-5(4) 15 0 1.5 1.4 50 53 22
0 1.4 53 R 22
0 50 53 22 22

IX-6(1) 20 2 1.5 1.4 50 53 34 Rf
2 1.4 53 34 ft
2 50 53 34 Rt

1X-6(4) 16 0 1.5 1.4 50 53 34 R
0 1.4 53 34 ft
0 50 53 34 R

X-1 21 2 R 1.2 30 54 34 22
2 R 1.2

x-2 22 2 1.8 R 30 54 34 22
2 1.S R 30 54

X-4 17 2 1,8 1.2 30 R 34 22
2 1.8 1.2 30 R

X-6(l) 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 R

IT-I 19 2 R 1.8 65 64 38 26
2 R 1.8 26

XX-2 22 22 1.6 K 65 64 38 26
XI-4 19 1 1.6 1.8 65 R ý8 26

2 1.8 R 26
1 1.6 65 R 38

XII-3 19 0 1.7 2.6 R 62 58 30
__ - 0 - 30

*Blank snaces indicate transmitters off.

R - receivers connected to antenna indicated by column numbcr,
Note: Numbers in parenthesis are channel numbers,

1-00
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ESD-TR-73-016 Appendix I I
TABLE 1-20 (Continued)

Subtest 2.9.3 Desired Signal Level - -95 dBm A

Freq S+N S+I+N Test Receiver Location and
Comb. N I+N Interferer Power Lvev (Watts)* *

No. (dB) (dB) 1 2 3 4 5 6I tI
XII-6(1) 22 1 1.7 2.6 64 I 62 58 R

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

XI1-2 22 21 1.6 R 56 66 56 20
XIt-3 20 18 1.6 2.0 R 66 56 20
XIII-6(l) 20 20 1.6 2.0 56 66 56 H 4
XII1-6(4) 17 17 1.6 2.0 56 66 56 R

XIV-1 21 4 R 1.9 64 57 53 38 I
4 R 1.9 64 53

XIV-3 14 1 4.3 1.9 R 57 53 38
"1 4.3 1.5 R 53
3 4.3 R 57 53 32
1 1.9 R 57 53 32

XIV-4 19 17 4.3 1.9 64 R 53 32

XV-I 20 1 R 1.1 50 46 50 22 1
2 R 1.1
3 R 46 50 22

XV-2 24 2 2-1 R 50 46 50 22
1 2.3 R

XV-4 20 1 2.3 1.1 50 R 50 22
2 R 22

XV-6(1) 22 1 2.3 1.1 50 46 541 R
1 ' 46 R I
3 1.1 50 R

XVI-6(i) 21 2 2.4 2.2 68 54 46 U j
4 68H

XVI-6(4) 19 3 2.6 2.2 68 54 46 R
3 68 R

KVII-I 21 10 R 1.2 66 B 45 21
___ 5 66 1 88 45 21

*Blank spaces indicate transmitters off.
R - receivers -onnected to antenna indicated by column number.
Note: Numbers in parentheses are channel numbers.

t 6
SI1-61
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ESD-TR-73-016 Appendix I

TABLE 1-20 (Continued)

Subteat 2.9.3 Deeir•,d Signal Level - -95 dBmw,

Freq S+N S+I+N Test Receivur l.ocation and
Comb, H I+N Interferer Power Level (Watts)* -

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

XVII-2 23 2 1.5 R 70 92 46 26
2 R 92 26
2 F 70 92 46
2 • 70 46 26

XVII-3 20 15 1.5 1.5 R 92 46 26
XVII-4 20 0 1,5 1.5 20 R 4f 26

0 1.5 R

NVIII-6(1) 19 2 1.7 2.7 40 52 60 R
2 52 R

XVIII-6(4) 21 4 1.7 2.7 40 52 R.0
4 52 R

XIX-2 23 16 1.6 R 61 44 46 16
7 1,6 1R 61 44 46

XLX-3 19 1 1.6 3.4 R 4. 46 16
2 3.4 R 44 46 16

XIX-6(1) 19 2 1.6 3.4 01 44 46 R
3 61

XIX-6(4) 19 3 1.6 3.4 61 44 .6 F
3 R

XXII-4 18 15 2.1 1.2 50 R 49 23
XXII-5(1) 18 1 2.1 1.2 50 65 . 23

1 2.1
X3II-5(4) 17 1 2.1 1,2 50 65 R 23

1 2.1

XXIII-1 19 0 R 2.4 64 77 46 36
0 R 64 46

XXIII-.2 20 5 1.8 R 64 77 46 36
3 1.8 R

XXIII-5(1) 21 z 118 2.4 64 77 36
I 36
1 1.8 64 R

*Blank spaces indicate transmitters off.

R - receivers connected to antenna indicated by colIum number.

Note: Numbers in parentheses are channel numbers.

t I



IEStI-TR-73-016 Appendix I

TABLE 1-20 (Continued)

Subtest 2-9.3 Desired Signal Level = -95 dbm j
Freq SON S+I+N Test Receiver Location and I
Comb. N- I+N lnterferer Power Level Watts)*

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

XXIV-3 21 3 1.3 3.1 R 50 44 35 j
2 1.3 R

XXIV-4 20 1 1.3 3.ý 60 R 44 35
I R 44 35

XXIV-5(l) 23 8 1,3 2,1 60 50 R 35
12 F 35

XXIV-5(4) 21 6 1.3 2.1 60 50 R 35 J
9 F 35

XXIV-6(1) 20 2 1.3 2.1 60 50 44 R
2 44 R

XXIV-6(4) 20 4 1.3 2.1 60 50 44 K
3 44 R

A

'I

.II

*Blank spaces indicate transmitters off. I
R - receivers connected to antenna indicated by column number.
Note: Numbers in parentheses are channel numbers.

1-03 j
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TABLE 1-21

OPERATIONAL SUBTS'STS, INI'RRILRIR ISOLATION, -85 di~m

Subtest 2.9.3 Desired Signal Level ' -85 dnm-

Freq S+N S+1$N Test Receive'r 1,ocaion and
Comb. N I+N Interferer Power Level (Watts) "
No. (dlý) (dB) 1 2 -

1-'] 23 1 R 2.3 52 66 61 23
1 R 52 61 2
4 R 2.3 52 66 23

1-2 23 17 1.8 R 5z 66 61 2
1--3 20 1 1.8 2.3 R 66 61 23

S3 1.8 R 61

1-4 20 20 1.8 2.3 52 R 61 23
1-5(0) 28 28 1.8 2.3 52 66 R
1-5(4) 27 27 1.8 2.3 52 66 R 23
1-6(1) 26 26 1.3 2.3 52 66 61 IR

1,,. I-6(4) 24 24 1.8 2.3 52 66 61 R

2 R 1.9 48 42 '51 3_/
248 42"
2 R 1.9 42 37 A

11-2 23 4.0 R 48 42 51 37
S48 42

S2 4.0 R 42 37

U1-3 20 16 4.0 1.9 R 42 51 37
11-4 19 15 4.0 19 48 K 51 37
11-5(1) 27 20 4.0 1.9 48. 42 H 37
11-5(4) 27 21 4.1 48 42 R 37
I-i(.) 26 6 4.1 9 48 42 5' Y6 4. .94

T.-6 (4) 24 10 40 J 9 40 2 51 P
10 4 .0 119 .4

111-1 21 2 R 2,1 56 52 60 38
112 11 56 112

111-2 24 24 1.8 ,R 56 2 60 38
Ll1-3 Outside utrerfer one nci
M'_-4 21 6 1.8 2.1 56 1R• 60 38 -

6 1. b 56 1"
Yfl--5(4) 26 2 1.8 2.1 56 2 R 1
111--5(4) 26 24 1.0 2.1 56 52 R 384

2S 3 5 2.24 54j 54 59 R
Iu 1-6(4) 24 24 .5 2.2 54 52 59 R]

3, iark :;pace• indicate, trzmfsi,-.itters o~ff. N•

R - receivers connected to antenna i Qlicated by corwa-m number.

Notz- Numbers in parentheses are channel number!.

I -64
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ESD-TR-73-01b Appendix I

TABILE 1-21 (Continued)

• atbt 219 3., . Dl.•tred Signal Levol 85 -

Freq S +N I+N Test Rec-eivwr Location and
Comb. N I+--N Interferer Power Level (Waits.

No. (dM) (dM) 1 2 46

IV-1 21 2 R 2.0 56 4 4 3 28
2 R 44 28
4 R 2.0 56 44.

IV-2 24 21 1,9 R 56 44 43 28
IV-3 22 21 1.9 2.0 R 44 43 28
IV-4 22 22 1.9 2.0 56 R 43 28
IV-5(I) 29 24 1.9 2.0 56 44 R 28
IV-5(4) 26 24 1.9 2.0 56 44 R 28
IV-6(1) 26 26 1.9 2.0 56 44 43 Rt
IV-6(4) 25 23 1.9 2.0 56 49 43 R

V-i 21 16 R 2.0 57 43 56 38
V-2 23 18 1.7 R 57 43 56 38
V-.3 Outside inrerference
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-60l) 25 25 1.7 2.0 57 43 -6 R
V-6(4) 24 24 1.7 2.0 57 43 56 R I

VI-I 21 0 I( 1.0 45 67 52 23
0 R 67

VI-2 23 22 1.8 R 45 67 52 23
VI-3 20 17 1.8 1.0 R 67 52 23
V1-4 20 11 1.8 1.0 45 R 52 23
VI-5(1) 25 19 1.8 1.0 45 67 R 23
VI-5(4) 27 21 1.8 1.0 45 67 R 23
VI-6(1) 26 20 1.8 1.0 45 67 52 1
VI-6(4) 23 19 1.8 1.0 45 67 52 :

1111-I 22 7 R 1.5 56 48 60 37
**4 R 1.3 56.. [7 l lR 115 56 4 /8

V1 I-.2 23 0 i 56 48 60 7
0 1.3 1 R .

VIi-.3 O jtde jlterferjnce

VJY.1-4 20 1 1.3 1. R6 F 60 37
56 i 60

*Blank spaces indicate transmitters off. .4

"**Note anomalous effect on number 4 transmitter (see text).

R - receivers connected to antenna indicated by, column number.
Note: Numbers in parentheses are channel numbers,,

i
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T'AI•LE 1-21 (Cont inued) -

Subtest 2.9.3 Desir.d Signal Leý,e' -0 dAm

Frcq S+N j S+I÷N Test Feceivcr LJ::,cion and
Comb. N 14-N Inte.rferer Powe, Lvev IWa ts _

110. WEl) (dB) 1 2 3 4 5 16

V11-5(1) 24 1 1.3 1.5 60 49 R 3b
1 60 49 R

VII-5(4) 25 1 1.3 1.5 60 49 R 36
"60 49 R

VII-6(1) 21 1 1.3 1.5 60 49 64 R
1 60 49 04 R

VII-6(4) 20 1 1.3 1.5 60 49 64 R
1 60 49 64 R

VIII-1 22 2 R 1.4 43 87 65 36
2 R 87
2 R 1,4 43

VIII-2 23 1 2.0 k 43 87 65 36
1 2.0 k 43

VIII-3 Ou side interferer-ce
VIII-4 21 20 2.0 i 1.4 43 R 65 36
Viii-5(1i, 24 24 2,11 87 4 36 K 16
V1I1-5(4) 25 25 2.0 1.4 43 8! 36

i 1i-6(I) 23 23 2.0 1.4 43 87 65
VLii-6(4) 22 22 2.0 1.4 43 87 65

IX-1 22 10 R 1.3 50 50 51 38
IX-2 0 1.4 R 50 50 51 38

0 1.4 R

IX-1 Outside i~terferrnce
IX-4 30 1. 1.3 r o R 51 38

2 1.3 R 51 38

IX-S(1) 25 1 1.3 1.6 56 54 R 42
4 1 54, R 42
3 56 154 R 42
1 i .6 S) 5, R 42

I-X-5(4) 26 1 1.3 1.6 56o 51 R 42

7 1.6 54 R 42256 54 R 42

1 1.6 56 54 R 42
IX-6(i) 24 1 1.3 1,6 56 54 51 H1 1.6 54 51 9•

I 56 54 51 H

_j

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

Note: Numbers in parentheses are channel numbers.

1-0(
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ESD-TR-73-016 Appendix I

TABLE 1-21 ,Continued)

Subtest 2.9.3 Desired Signal Level - -85 dBni

Freq S+N S++N Test Receiver Location and
Comb. N I+ Interferer Power Level (Wtts)*
No. (dRi) (dB) 1 4 1 4 5 6

IX-6(4) 23 1 1.3 1.6 56 54 51 R
1 1.6 54 51 R
1 56 54 51 R

X-1 20 2 R 1.2 47 54 45 42

2 R 1.2 47 54

X-2 23 2 2.2 R 47 54 45 42
2 2.2 R 47 54

X-3 Outside interference
X-4 21 10 2.2 1.2 47 R 45 42

i1 2.2 1.2 47 R
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 R

2 45 R
--- 6(4) 23 3 2.2 1.2 42 54 45 P

3 45 R

XU-1 23 2 R 1.8 49 65 56 48
2 R 1.8 48

xi-2 25 24 2.2 R 49 65 56 48
X1-3 Outside interference
XI-4 21 13 2.2 1.8 49 r 56 48
XI-5(0) 28 26 2.2 1.8 49 65 R 48
XI-5(4) 27 25 2.2 1.8 49 65 R 48
Xi-6(1) 25 21 2.2 1.8 49 65 56 k
XI-6(4) 24 20 2.2 .A 149 65 56 R

XIl-1 23 23 R 2.5 67 65 47 31
X11-2 23 1.6 R 67 65 47 31

XII-3 1 1.6 2.5 R 65 47 31
3 R 31
1 F 65 31

XII-4 20 16 1.6 2.5 67 F 47 31 I
XII-5(1) 27 25 1.6 2.5 67 65 R 31
XII-5(4) 27 24 1.6 2.5 67 65 R 31X1I.-6(1) 25 2 1 2.5 67 65 47 R

67

*Blank spaces indicate transmitters off,

R - receivers connected to antenna indicated by columnt nun:bcr.
Note: Numbers in parentheses are channel numbers.

1 -07 Al JI,
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ESD-TR-73-016 Appcndix I

I'AIi 1-21 ((:o01t i ued)

Subtset 2.9.3 Desired Signal Level -85 d~m

Freq :+N S+I+N Test Receiver Location and
Comb. N I+N Interferer Power Level (Watts) *

•o. (dB) (dB) 1 2 3 4 5 6

X1I-6(4) 24 2 1. £ 2.5 67 65 j47 F
2 J67 R

XIII-1 22 21 R 2.1 54 70 51 23

XIII-2 23 22 1.5 R 54 70 51 23
X111-3 Outside interference
XIII.-4 20 20 1.5 1 2.1 54 R 51 23

XIII-5(1) 26 24 1.5 2.1 54 70 R 23
XI1t-5(4) 26 23 1.5 2.1 54 70 R 23

X111-6(l) 24 24 1.5 2.1 54 70 S1 R

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

XLV-1 22 12 R 1.8 56 51 46 43
XIV-2 20 15 4.0 RI 56 51 46 43

XIV-3 Outside interference
XIV-4 21 21 4.0 1. 1 1 56 R 46 43
XIV-5(1) Outside interference
XIV-5(4) Outside interference
XIV-6(1) 25 15 4.0 1A 56 51 46 R

xIv-6(4) 24 14 j j. . 56 51 46 K

XV-1 Not obtained**
XV-2 24 2 2.0 R 55 46 45 36

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 24 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
XV-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 I

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.

1-68
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TABLE 1-21 (Continued)

Subtest 2.9.3 Desired Sign;.l Level - -85 dB.,

Freq S4N 5+I+N Test Receiver Location and

"Comb. N 1+N Interferer Power Level (Wattv)*
fNo. (d0) (dB) 1 2 3 4 5 6

XVI-2 23 18 1.9 R 60 53 45 21
XVI-3 22 20 1.9 2.2 R 53 45 21

XVI-4 20 20 1.9 2.2 60 R 45 21

XVI-SM 29 26 2.0 2.1 65 55 R 20
XVI-5(4) 27 25 2.0 2.1 65 55 R 20
XVI-6(1) 25 17 2.0 2.1 65 55 38 R
XVI-6(4) 23 17 2.0 2,1 6- 55 38 R

XVII-1 22 17 R 1.0 61 88 37 36
XVII-2 23 2 1.4 R 61 88 37 36

6 R 88 36
2 R 61 37 36

XVII-3 22 18 1.4 1.0 R 88 37 36
XVII-4 20 0 1.4 1.0 61 R 37 36

0 1.4 R
XVII-5(1) 25 25 1.4 1.0 61 88 R 36
XVII-5(4) 26 23 1.4 1.0 bi 88 R 36

XVII1-6(6) 24 24 1.4 1.0 61 88 37 R
XVII-6(4) 24 24 1.4 1.0 61 88 37 R

XVIII-I 21 0 R 2.6 45 36 Si 46

0 R 2.6 57
r 2 R 57 46

1 R 2.6 45 46

XVlII-2 23 10 1.7 R 45 36 57 46
11 R 45

XVIII-3 21 0 1.7 2.6 R 36 57 46
0 2.6 R 57

XVIII-4 21 20 1.7 2.6 45 R 57 46

XVIII-5(1) 30 22 1.7 2.6 45 36 R 46
XVIII-5(4) 28 23 1,7 2.6 45 36 R 46

XVIII-6(l) 25 2 1.7 2.6 45 36 57 6R
2 36 R

XVIIt-6(4) 24 2 1.7 2.6 45 36 57 R

2 36 Rt

XIX-1 22 2 R 3.3 55 44 66 17
2 R 3.3 55 44

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

Note: Numbers in parentheses are channel numbers.

1-69
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TABLII 1-21 (Continued)

Lubtest 2.9. 3  Desired Signal Level -85 dBm
Freq S4N S+I+N Test Receiver Location and
Comb. N I+N Interferer Power Level (Watts) *

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

XIX-2 I 23 2 1.4 fR 55 44 66 17
See text. 2 1.4 R 55 44

XIX-3 23 18 1.4 '1.3 R 44 66 17
XIX-4 20 19 1.4 3.3 55 R 66 17
XIX-5(1) 26 20 1.5 3.2 58 44 R 17
XIX-5(4) 26 20 1.5 3.2 58 44 R 17
XIX-6(1) 24 18 1.5 3.2 58 44 63 H
XIX-6(4) 22 16 1.5 3.2 58 44 63 H

xX-l 20 20 K 2.7 48 57 57 44
XX-2 22 21 1.9 Rt 4& 57 57 4/.
XX-3 Outside interference
XX-4 20 14 1.9 2.7 48 R 57 44
XX-5(1) 30 28 1.9 2.7 48 ,7 K 44 ,
XX-5(4) 28 26 1.9 2,7 48 57 IR 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 R1

XXI-I 22 16 R 2.3 62 58 49 32
XXI-2 23 16 1.5 R 62 58 49 32
XXI-3 23 2 1.5 2.3 R 58 49 32

** 2 2.3 R 58 49
XXI-4 22 18 1.5 2.3 62 R 49 32
XX1-5(1) 28 24 1.5 2.3 62 58 R 32
XXI-5(4) 27 23 1.5 2.3 62 58 R 32
XXI-6(1) 26 26 1.5 2.3 62 58 49 R

XXI-6(4) 25 25 1.5 2.3 62 58 49 R

XX11-1 21 20 R 1.0 57 66 53 31
XXII-2 21 21 2.0 R 57 66 53 31
XX3I-3 23 18 2.0 1.0 R 66 53 31
XXI. -4 20 2L 2,0 1.0 57 R 53 31
XXII-5(1) 27 24 2.0 1.0 57 66 R 31
XXII-5(4) 27 24 2.0 1.0 57 66 R 31
-XIi-6(I) 25 15 2.0 1.0 57 66 53 R

XXI1-6(4) 24 16 2.0 ?1.0 57 66 53 R

XXII.I- 20 0 R 2.2 69 72 38 32
0 R 69 38

*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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"TABLE 1-21 (Conti nued)

SubtesL 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)

4o. (dB) (dg) 14 5 6

X.XIII-2 20 12 1,5 R 69 72 38 -32

XXIII-3 Outside Interference "

X.XIII-4 19 16 1.5 2.2 69 R 38 32

XXIII-5(1) 29 1 1.5 2.2 69 72 R 32

2 1.5 69 R

XXIII-5(4) 29 1 1.5 2 69 172 R 32
2 1.5 69 R

KXIII-6(l) 25 19 1.5 2.2 69 72 38 R

XXIII-6(4) 25 19 1.5 2.2 69 72 38 F

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 K

XXIV-3 23 19 1.5 3.3 R 48 48 30

XXIV-4 21 1 1.5 3.3 56 R 48 30

I R 48 30

X.XIV-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 49 48 x

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 44 44 56

XXV-2 24 0 2.0 R 44 44 56 43

0 2.0 R
OXXV-3 20 1 2.0 1.7 R 44 56 43

2 R 44 56

X.XV-4 20 6 2.0 1.7 44 R 56 43

9 44 F 43

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

T,(V-5(4) 27 23 2,0 1.7 44 A 4 R 43

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

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

11 I 44

*Blank spaces indicate transmitters off.

R - receivers connected to antenna indicated by colunm number.

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

OIPIiRAE'IONAL SUBtI'IiST, CONSTANT (S+ I +N) /(1 +N

Subtest 2.9.3

1req SI-N S+N+N Test Recuiver Lcwiation and
Comb. S N 1-I-- Interferer Power . (..fL ts)
No. (dB•) (dB•) B) £ 2 3 4 5 6

__ _ _ _ _ _ - ..-... I .... - , - I I
1-1 -74 23 10 R 2.3 52 66 61 23
1-3 -74 22 10 1.6 2.3 R 66 61 23

11-1 -80 21 10 R 1.9 48 42 51 37
11-2 -64 23 10 4.0 R 48 42 51 37
11-6(1) -83 27 10 4.0 1.9 1 48 42 51 R
111-I -34 Insufficient power to obtain 10 dB (S+I+N)/(I+N).

111-4 -79 21 10 1.8 2.1 56 R 60 38
IV-l -58 21 10 R 2.0 56 44 43 28
VI-1 -50 21 10 R 1.0 45 67 52 23

VII-1 -84 22 10 R 1.5 56 48 60 3?
-82 22 10 R 1.5 56 **

VII-5(1) -47 25 10 1.3 1.5 60 49 H 36
VII-3(4) -47 25 10 1.3 1.5 60 49 R 36
VII-6(1) -74 272 10 1.3 1.5 60 49 64 R
VII-6(4) -72 22 10 1.3 1.5 60 49 64 P I
111-I -47 22 . 10 R 1.4 43 87 65 36
11II-2 -82 23 10 2.0 R I43 I87 65 I 6i

IX-2 -41 23 10 1.4 R 50 50 51 38
IX-4 -68 20 10 1.4 1.3 So R 51 38
IX-5(1) -71 26 10 1.3 1.6 56 5/, R 42

IX-5(4) -73 27 10 1.3 1.6 56 54 K 42

IX-6(1) -68 24 10 1.4 1.3 50 50 51 F
IX-6(4) -7C 25 10 1.4 1.3 50 50 51 P

X-1 -74 22 10 R 1.2 47 54 45 42
X-2 -77 23 10 2.2 i 47 54 45 42
X-6(1) -79 23 10 2.2 1.2 47 54 45 K
X-6(4) -80 23 10 2.2 1.2 47 54 45 R

XI-1 -63 23 10 R 1.8 49 65 56 48
XII-3 -77 21 10 1.6 z.5 R 65 A7 31
XII-611) -74 26 10 1.6 2.j 67 65 47 R
XlI-6(4) -75 25 10 1.6 2.5 67 65 47 R
XV-2 -72 24 10 2.0 R 55 46 45 36
XV-4 -81 22 10 2.0 1.3 55 R 45 36
XV-6(1) -83 25 10 2.] 1.0 48 45 49 H

* -0 25 10 2.1 1.0 45 R
XV-6(4) -84 24 10 2.1 1.0 48 45 49 k

* -81 26 10 2.1 1.0 45 R4

XVI-1 -62 22 10 R 2.2 60 53 45 21

*See text for discussion.
"**Alternate capture and release. See text.

R - receivers connected to antenna indicated by column number.

Note: Numbers in parentheses are channel jiuiabhrs,
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"rABILIF 1-21 (Continued) I

Suibteet 2.9.3 I

Freq S+N S+I+N Test Receiver Location and
Lomb. S N I+N Interferer Po•;cr _.evel (wa.tts)

No. (dkbn) (dB) (dB) 1 2 3 4 -- 6

S -74 24 10 1.4 R j61 88 37 36
XVII-4 -41 20 10 1.41 1.0 61 1' 3 36i
VIll-i insufficient power to obtain 10 dB (S+I+N)/(I+N).

1VI-3 -62 21 10 1.7 2.6 x 36 57 46
SV1II-6(1) -80 26 10 1.7 2.6 45 36 57 R I

vII1-6(4) -79 25 10 1.7 2.6 45 36 57 R
XIX-1 -82 22 10 R 3.3 55 4/ý 66 17
XIX-2 -78 24 10 1.4 R 55 44 66 17 .
xiCX-3 -81 23 10 1.5 2.3 R 58 49 32

XIII-1 -72 20 10 R 2.2 69 72 38 32
X111-5(I) -77 30 10 1.5 2.2 69 72 32 F I
XIII-5(4) -78 30 10 1.5 2.2 69 72 32 R
XXIV-2 -78 24 0. 1 1.5 R 56 48 48 30
XXIV-4 -50 22 10 1.5 3.3 56 K 48 30 '

X:XV-1 -64 22 10 R 1.7 44 44 56 43
XXV -2 -65 25 10 2.0 R 44 44 56 143
XXV-3 -51 23 10 2.0 1.7 F 44 56 43 I

"XXV-4 -83 20 10 2.0 1.7 44 R 56 43

R - receivers connected to antenna indicated by column number.

Note: Numbers in parentheses are channel numbers.

17 i
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APPENDIX II

QUANTITATIVE COMPARISON OF PREDICTE) 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
reader.
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MEASIURED AND PRElDICTiII) DATA

TABLE 11-I is a summary of the data obtained by field mea-
surements, as extracted from tables supplied in APPENDIX I and
associated predictcd information. In the Measured Value columns,
1P1) is the input desired signal in dam; (S+N)/N and SINAD are the
receiver output ratios, in dB, measured without and with simultan-
eous emissions from five transmitters, respectively. (See TABLES
I-17 through 1-22 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 (NFI- (not found): refers to a predicted spurious
response which was not noted as being a major
interact ion

SE: spurious emission

RIM: receiver intermodulation (3 rnfers to 3rd order,
etc.)

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

RIM APP,
IM AP: (apparent): indicates an apparent intermodula-

tion not predicted by COSAM

NOISE: indicates no significant interference from any
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, SPS 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 (Sp) of the predicted
distribution in dB. .

SIAI~h reitdvlesclIs-2 Si h rditdSse
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General Comments

TABLE 11-2 sunmarizs the computed i veragc valucs (11) and
standard deviations [,Y(A)l of thc quaantity S - S , where Sm p) rn

is the measured SINAI) output and S is the predicted SINAD mean
P

value. The condition errors indicate the number (and percent) of
the cases which resulted in zero conditions error, one-condition
error, etc., as defined in TABLE 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,
on the average, COSAM predicted the output mean SINAI) values to
be greater than the associated measured values, representing less
interference by this amount. Considering the fact that all mea-
sured values were reported to the nearest dB, the likelihood of
some measurement error, the fact that the average (rather than
the precise) value of transmitter power was used, and the other
numerous uncertainties involved, it is concluded that -1.72 dB is
a negligibly small bias. This value compares favorably with the
1.SS dB mean deviation resulting from U1IF validation (see TABLE
11-3).

The second measure, o(A), indicates the spread of the devia-

tions between the measured values and the predicted means.

Figure TI-1, is a cumulative plot of the distribution. The
value of a(A), for all interactions, is 5.6 dB, representing 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
the U1IF validation reported in Heference 2 and also shown in Fig-
tire 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 1-condition error,
whereas 92% of the cases resulted in no more than a 2-condition
error. These results are identical to those in the UlHF validation.

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-
jut discuepaicies dulc to ad.jacnt signal, no.i...., spurious emissions,

11-8
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spurious responses, and intermodulation interactions are discussed
below.

The measures of condition error provide somewhat cruder,
though meaningful, results than those provided by the B and o(A)
values. As seen in TABLE 11-2, there were 32 cases involving
3-condition errors and 13 cases iihvolving 4-condition errors (a
total of 8% of what may be termed gross errors). These and other
apparently large discrepancies are discussed in a following section.

lVALU.IA'TION OF O(Sp)

Figure 11-2 represents a measure of the relationships between
Sm, Sp, and o(S ) (the standard deviation of the predicted SINAD

p p
output distribution around Sp). The probability value for 1 o was

about 0.54 which is somewhat less than what would be achieved by
a normal distribution. The values for 2a, Sa, etc., are also
slightly less than what would be exhibited by a normal distrihu-
tion.

The individual interactions wcfc ncot analyzed in detai I, but
it appears that, in 10 to 15% of the cases, the a (Sp) values are

p
relatively small compared to the associated values of IS - S 1.m p

One possible explanation for the occurrence of small a (Sp)

values is worth noting. COSAM initially predicts output values of
[S/(I+N)] with an associated a. 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 a of the [S/(I+N)]° distribution is

large, the a of the SINAI) 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 agree-
ments between predictions and measurements.

DISCUSSION OF INDIVIDUAL INTI-RACTIONS

This section discusses the results obtained by comparing the
measured and predicted data compiled for each type of interaction.

11-12
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Adjacent Signal

As noted in TABLE 11-2, and TABLE 3-4, the values of B, o(A),
PIC ,and P2c for adjacent signal interactions were -1.67, 5.04,

0.78 and 0.94, respectively. The values of B and a(L) for 225
cases, suggest that the adjacent signal model is comptting a mean
value which is quite close to the measured values, with a small I
optimistic bias. The a(A) value suggests that approximately 90%

of the mean predictions are within ±6.5 dB of the measured values.

The p2c value indicates that relatively few gross errors can be

anticipated in this category, which involves the combined effects I
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 effects of transmitter noise
appears to be desirable.

Noise

This interaction refers to those cases where no apparent in- -
terference, due to a specific transmitter, was present. The values
of B, o(A), plc and P2c were: -2.77, 4.66, 0.80 and 0.92, respec-

tively, for 75 cases. Many of these interactions predicted by
COSAM as being due to noise were either not identified by the mea-

surement agency as being due to a specific transmitter or were
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,

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

Spurious Emissions

As noted in TABLE 11-2 and TABLE 3-4, the values of B, o(A),

PIC' and P2c for spurious emission interactions 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

11-14
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cases represented the same emission (interaction number 22-5) mea-
Sui'td at Pd = -95 dlim for both the normal and interferer isola-

tion data sets. This emission, from the AN/PRC-25 transmitter at
position one, is the fifth harmonic of the 1l.55 MIz oscillator I
frequency (S x 11.55) = 57.75 Ntiz). The AN/PRC-2S was tuned close
to this frequency (S4.10 Riz), resulting in a spurious emission
level which was less than the average amount assumed by COSAM.
This resulted in less interference being predicted than was actu-
ally measured.

The other large error 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 I
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- 4
fore, no change in the model iF warranted.

Spurious Responses j
"TABLES 11-2 and 3-4 list the values of B, o(A), plc and2c

for spurious response interactions as -0.93, 6.77, 0.72, and 0.90,
respectively, for 61 samples. These values show an improvement
over the corresponding results found at UIIF [(B, o(A), p1c, and

P2c 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-2S TLR, Pd=- 85 dBm) i
where a spurious response was predicted but not measured in the
field may be of interest. The predicted response was identified as
a p = S, q = 6 (+) mix, as defined by the following equation:

F PFlo ± Fif (1-1)
sr q

where:

F sr Frequency of the spurious response, in Milzsr

F 1 = Local oscillator frequency, in M2lz

17
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Fif = Intermediate frequency, in ?4tz

= 11.S M[z for this case

p, q = Harmonic identifying integers

This particular spurious response was measured at only one
of the three tuned frequencies 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 TI,R AN/PRC-25 units (Reference 4) revealed no
5, 6 (+) responses found. Therefore, this response will be re-
moved from the COSAM equipment file.

Intermodulation

Review of Data. Intermodulation effects represent a ra-
ther complex problem of interpretation, since a number of inde-
pendent paraaieters are involved. TAABLE 11-4 is an expansion of
the data presented in TABLE 11-2. One would have preferred to
have a larger sample size for certain interactiot, 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 adequate.

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 sigtiificant.

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- A
tion products centered at receiver intermediate frequencies, assign-
ment number 18 was deliberately designed to include such a product.
Specifically, terminal numbers 2 and 5 had frequencies assigned
which differed by 11.5 Miz, 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 1-21 CA

11-16
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TAIB,I II-4

I NTEIRMOIlJI,/ I ON VAL I DIAT ION MEASURES

No. of Total %
0(A) P2c Cases Cases

ALlI IM -1.42 6.30 .89 156 27.8

RIM -1,27 0.32 .89 151 26.9

2-Signal RIM 1.11 3.47 .98 62 11.1

2nd Order 0.89 3.68 .98 49 8.7

3rd Order 2.20 1.93 1.00 4 0.7

5th Order 1.85 2.46 1.00 9 1.6

3-Sigrnal RIM -0.39 6.06 .92 60 10.7

3rd Order -0.21 6.79 .90 50 8.9 j
Sth Order -1.29 2.88 1.00 10 1.8

2-Signal RIM -9.11 6.65 .65 20 3+6
(Apparent)

3-Signal RIM -6.12 4.20 .67 9 1.6
(Apparent)

TIM -6.05 2.93 .80 5 0.9

11-17
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indicates that the intermodulatioa product was present at TLR
numbers 1 and 3. A spurious response was dominant at TLR number
0 and the IM was nnt noted. The IM was probably present at TI.R
number 4 but was not noted in interferer isolation subtests
(TABLES 1-19, 1-20, and 1-21). A noise interaction wav predicted
but the low measured (S+I+N)/(I+N) values suggest the presence
of some other interaction, probably the IM.

The COSAO receiver intermodulation interaction model (Equa-
tion 111-17) will be expanded to include products of the form:

F = m nl1 (11-2)

where:

= first intermediate frequency of the subject
receiver, Mllz

SFb interfering frequencies, Mtz
a' I)

m, n = integers

m + n order of the intermodulation product

Additional studies 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. It gives reasonable
accuracy (±6 dB) for the test cases of assignment 18 in this study.

P. m(P a 8 a + n(Pb b - -IF Kn (11-3)

where:

P. = power, in dBm, of the intermodulation product
im produced in the receiver

m, n = integers (Same as Equation I1-2)

Pc a ph= power level, in dBm, of undesired signals

ea' •b = off-frequency rejection in dB, a function of
the undesired frequencies (F, Fb). receiver

tuned frequency (FR), and circuitry between

the antenna input and RF amplifier.
Si !!1-!8
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6IF off-frequency rejection in dB, a function of
tile intermediate frequency (F' ), tuned fre-

quency (Fi) , and circuitry between the RF

amplifier and first mixer.

K' =receiver RF amplifier conversion loss (same as
m, n Equation 111-17)

Test link receiver 25-3 experienced an intermodulation inter-
fcronce of a type not normally predicted by COSAMq. Its tuned fre-
quency, 30.4 Mt1z, was one channel removed from the fourth order
product generated from transmitters S and 4 at 34.55 Nltz and 73.2
Niz, respectively (3 x 34.55 - 73.2 = 30.45 NMlz). Even ordered in-
termodulation products higher than the second are not predicted
because they are rarely measured in a spectrum signature. A pre-
diction could have been made using Equation 111-17 had fourth
order parameter values for these equipments been known. Some
study is underway to derive the theoretical relationships between
the different ordered nonlinear parameters. It is not necessary
to modify the model to include these even ordered IN interaction:
until such time as the studies are completed and the resulting
methods are validated.

The nine cases of apparent three signal receiver intermodula-
tion resulted from only two TLR's, number 14-1 measured for five
desired signal level combinations and number 19-1 measured for
four combinations. Both were fifth order. The TLR 14-1 product
was of the form: I

F =3F -F -F
1 2 3 5

52.3 = 3 x 40.3 - 36.1 - 32.5 NDIz (11-4) I
This differs from those 3-signal RIM interactions piesently cal-

culated by COSAM, and restricted to:

S1 F i2 Fi3 (11-5)

wihere:

F receiver tuned frequency, MIzIz

F F i2' F i3 = frequencies of the taroe interferers, Ktlz

1 '1
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n integer; 1, 2, or 3 where IM order 2n + 1

The fifth order product at Tl, 19-1 also differed from
Ljquthtion 11-5. It took the form:

F = 2(1:4 - 1.;3) - F2

32.9 2(73.7 - 40.2) - 34.1 (11-6)

Al l nine cf the resulting casCs wo1ld have been predicted with an
accuracy of i6 db had tney been calculated. Therefore, the COSAM
3-signal RIM model will be expanded to include possible IM pro-
ducts in addition to tiuse defined iin Equation Il-5.

Transmittor Intennodula Lion. Five cases where transmitter
intericoduilation (TIM) was predicted ta be dorrinart over RIM re-
sulted in values of 3, c(A), p1  and P2c of -6.05, 2.93, 0.60, and

0.80 respectively. None of the cases resuited in a large dis-
crepancy. The B and o(6) values suggest a consistent underestir.,a-
tion of TIM interference levels. Unfortunately, the small sample
size for TIM does not support a recommendation for mode) chaage.
It is somewhat surprising that the resultin, B magnitude value is
high because the COSAM TIM model fits the measured data better than
any of the other individual interaction models. Uncertainties in
the coupling predictions (o for coupling was d.1 dB) are believed
to be the cause of these errors.

EVALUATION OF lARGE DISCREPANCIES -

TABLE I1-c 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
had differences less than 11 dB. Nine of these cases resulted in
only a 2-condition error.

The positive values of d1l and condition error differences
indicate that the measured SINAI) ratio was greater than the meai:-
prediction, resulting in a pessimistic bias. Negative vaiues express
the converse situation.

TABLE II-b summarizes the results noting the various inter-
actions and whether they indicated too much interference (+) or
too little interference (-).

I I --20
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T'BLlI II-5

EVALUATION 01: IARGI 1)ISCRIEPANCIES IS - S 1 10 dBj
11. p -

, ,: i .13tl,,3 3,: *'1 4.* ( I i V 'I,'l 3ll. ',.r I I ll•_

2 -2--53•', 3 'x'j-3,d -17.8 -4 j-
,2 -2 -9 J.;g 3 rs ,Is -11.9 -

2-4 -8a 3 Sig 3rd 13.9 3 I
-1) 3 Sig- 3rd 12.0 2

-% 2 q q 1SIM-APi' -15.3 -4

I-' - W, 2 :' rj P IM-AN1' -Ic.0 -4

-85 'I(I-Nl* 15.7 3

5."2 -I'll 2 S'y 3IM-APP -15.6 -4
-1- A3 1 -10.7 -3

AS-3 -, 2 10.8 3
4u- -1 f)" AS2 151.5 3

S -10 -1.0 -3

-i, - .P -15.9 -3
--8' 2 fr 1 'rwd -14.0 -3
-- , 3 3Iq - rd -19.3 -4

]-9 i-lg- 9 rl -10.3 -2
1(l-. -9, . - d -12.4 -3
13-,' -9, 14' '1 ' l -12.5 -3

13-,4 -'• A5-1 . -2g
1,-I I-I, s' ""•.2.8 2

12-1~10 -3 .. 2..,,-

32'.-III A'.S'. -4

14-1 -t. I :-'q '15M-API 3 - 0. -2
S 14-1 -''. 4 br,,j II -All' 3 -10.7 -3

)4-S - S', 31| 13.0 3
14,-1 -•Rý . '1 ( I, -A ' -3"•.O -3

14-1 -62 2. 2 14 KIM-AP -11 .3 -2

16-5 -95 AK -10.0 -222

1--f, -ri 334 11.6 3

17-1 -95 AS 1 -10.0 -3
AN-1 -34, 2 Sn, PI.-APP 3 -21.7 -4

lh-3 -81 2 Siy RIM-APIP 3 -11.6 -2
18-4 -105 NOI45Ei/HIM-APP 3 -13.0 -4

11-f, -8, Sf -20.2 -4
I8-C -95 51 -10,1 -2
19-. -85 3 Siq RIM-AI,P 3 -12.q -3

19-2 -8% A.' -13.5 -3
19-d -78 AS -11.5 -2
19-1 -95 A' -35.4 -2

19-3 -95 A5 -1.5 -3
1I - A!; 12.0 3

2" - 2 -9" NO I St. 1 -16., -3
21-- -105 NOIE 1 -1 5.4 - j

I 2- ' ,1c, 1 ;F. --15.4

2 '-I -9", SI. . -1 .6 -4

2.,- 1-, -4

25-.3 -6; 2 S; -l4.3 -4
#", 1-, .I -3 1,2 -22

-, I sIrj PIM-AI " -1 . -4 "d

2 -9'., -A

t ll-21
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TABILE 1I-S (Continued)

NOTE S:

1. Insufficient transmitter noise levels, due to multiple
transmitter emissions, predicted.

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

3. IDist:ussion and recommcndation in RIM individual inter-
action subsection.

4. Discussion in spurious emission individual interaction
subsection.

5. MEASUREID SINAD for P1) -95 dBm greater than corresond-
in,. SINAI] for PD -85 dBr, .

114
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TABLE 11-6

SUMMARY OF LARGE DISCREPANCIES (> 10 dB)

Interaction Total (+) Total (-) Interactions

Spurious Responses 4 4 -8
SR Predicted/Noted 3 4 7 I
SR N F 0 1

Spurious Emissions 0 4 4

IM (Total) 2 19 21
2-Signal, 2nd Order 0 1 1
3-Signal, 3rd Order 2 6 8
2-Signal, App 0 9 9
3-Signal, App 0 3 3

Adjacent Signal 4 14 18

Noise ( 5 5

10 46 56

I
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Most of these large error cases were due to the coupling pro-
diction model. As stated earlier, the coupling model bias was 1.4
dB with the rather large standard deviation of 8.1 dB. Such large A
uncertainties in coupling prediction will undoubtedly result in
some cases with large errors. Ilowevcr, there were only 109 such
cases in spite of the large coupling uncertainties.

Note on Population Composition

The significance of any statistical analysis is necessarily
dependent on the sample size and the nature of thte sample. Ideally,
the selected sample will be representative of the real world with
the result that conclusions drawn from the analysis will be appli-
cable to the real world.

TABLE 11-7 reflects the distribution of measured SINAD values
and predicted SPS values. The distributions are not uniform and
are, in fact, denser at the extremes than at the center. As can be
seen, only 23%• of the SINAD cases lie between S and 12 dO.

TABLE 11-7

POPULATION D)ISTRIBUTION

Measured SINAD Values Predicted SPS Values
Condition No. SINAI) (dB) No. % SPS No. "

A > 18 70 12 .81-1.00 147 26

R B 12; < 18 67 12 .61-.80 48 9

C > 7; < 12 87 16 .41-.60 52 9

D > 4; ' 7 42 7 .21-.40 49 9

4 __4 _ 295 53 .00-.20 265 47

Considerable effort was devoted to generation of freqvdncy
assignments that woulJ result in a uniform distribution o2 output
SINAI) values and would, in addition, provide approximately equal
numbers of all of the types of interactions noted in TABLE 11-2.

In operational situations, existing cosite assignments will
probably provide SINAI) ratios greater than 12-15 dB for a larb

11-24i ' " I- 2.
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percentage of possible interactions. For those cases where in- .
terference is expected (usually avoided by not activating cer- -
tain transmitters simultaihcou,.ly) mnst SINAI) ratios will prob-
ably be below 4 dB. Similarly, most real-life assignments will
not contain as many effects due to spurious responses and emis- j
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- I-
aration. The Navy selects UIF frequencies from lists which are -
free of two-signal 3rd, Sth and 7th order mixes.

In other words, typical situations represent reasonably
clca'-cut cases of degradation and/o;' no degradation. The chance
of a marginal situation is rather remote.

Consequently, the distributions indicated in TABLE 11-7 are
probably more homogeneous in the middle range than would be I
expected in actual operating conditions. This feature was de- A
sirable to test the model over all possible ranges.

If, however, a more realistic population range had been I
employed, there would probably have been even more "bunching" "
at the extremes. And, since fewer spurious responses and emis-
sions and intermodulation cases (the most difficult to predict)
would be present, the number of gross errors (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 11-2. j

However, whether P2c is precisely 0.92 or 0.95 or greater is

not of particular concern. In general, it has been shown that
the chance of committing a gross error is small. In oporational
situations, the likelihood of such an error is believed to be
even smaller.

COMMENTS ON MEASUJRED DATA ADEQUACY

The preceding analysis presupposes that all of the measured
data were correct and accurate to within ±1 dR or better. Apparent
prediction errors 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 numerous items that could either be explained
by measurement inaccuracies or large variations in performance of
specific equipments. The second hypothesis is assumed to be the
probable eXl, Lion.
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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
SINAI) difference' of 2 dB or less would be expected for a re-
peatable test. TABLE I1-8 lists the distribution of measured
SINAD value differences for all these repeated cases. The per-

__centage that were repeatable, based on the 2 dB or less criterion,
is 80.9%. 8.2", of the cases experienced differences of 7 dB or - -

greater, revealing the variability inherent in equipments such as
these.

In genral, COSAM component models are based on laboratory
type measurements. The variations among equipments suggest that
a minimum error of at least 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
ambient noise levels.

Several other cases could he cited involving possible mea- j
surement 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 error 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.

If all of the anomalous situations referred to above had been
eliminated from the validation analysis, COSAM predictions would
have been even closer to measured values.

It is concluded that some measurement errors may have occurred
and that, at best, the measured equipment performance was inconsis-
tent during the test (see TEST RESULTS, APPENDIX I). These factors
affected the results of the validation analysis to some extent but,
in another sense, also indicated the range of uncertainty the ana-
lyst may expect in evaluating the performance of specific nomencla-
tures, Large variations can evidently be anticipated, requiring a
sLatistical description of.the input parameters as well as a sta-
tistical description of output performance.

INTER11RETATION OF PREDICTED) SVS VALUES
The preceding material provider, the major results of the anal-

ysis. Many more detailed evaluations could have been made and, the *

measured data (and the analyses) will be re-evaluated in other con-
texts.

11-2o
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TABLEI I-8

DISTRIBUTION OF REPEATED MEASUREMENTS

-SINADA-SINAD If dR No. %

0 38 34.S

1 38 34.5

2 13 11.8

3 5 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

SINADA is value measured during tests with all
interferers on. (TABLES 1-17 and 1-19)

SINADI is corresponding value measured during
interferer isolation tests. (TABLES 1-19
and 1-20)

11-27
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The final ,-ulbject to be considered is the practical problem
facing the COSAM user. When he secures an SI'S value, how much
conlfidence can tic plrace in it? And what action is indicatcd?

In coarse term-s, it is believed that the analysis has shown
that if the SPS value is greater than 0.6, the analyst can be
reasonably certain (with confidence level greater than 0.92) that
-intolerable intcrference (i.e., a SINAI) value less than 4 dB) will
not occul-. Similarly, if the SPS is less than 0.2, he can be rea-
sonably certain that good or acceptable performance (i.e., SINAI)

-,values greater than 15 or 12, respectively) will not occur.

If the scores lie between 0.2 and 0.6, lie should indicate "
that marginal performance is likely. The term "marginal" means
that although there is a possibility of either adequate or intoler-
able performance, the situation is not a desirable one and should
be improved, if possible.

If at all possible, "fixes" of one k'nd or another should be
suggested which will bring the scores above 0.9. Then, despite
uncertainties, one will be reasonably certain that, at worst, an
output SINAI) of at least 10 dB will be achieved.

11-28
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APPENDIX III

THE COSITE ANALYSIS MODEL (COSAM)

INTRODUCTION

COSAM is 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/(I+N)},•, CONCEPT j
The parameter [/(I +N)J 'Ino is calculated by the COSAM program for each receiver

specified in the analysis. This parameter is defined as the effective input on.frequency signal
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:

1. Adjacent Signal.

2. Receiver Intermodulation. I
3. Transmitter Intermodulation.
4. Receiver Spurious Response.
5. Transmitter Spurious Emission.

Three variables are involved. S is the desired signal power (Pd); N is the ambient
noise power level (Pn); and I is the sum of effective input on-frequency interference power•

levels (2; Pin, ). Pin is the effective input on-frequency interference power level due to a

single interaction. The summation involves a conversion from dBm to watts; when the
addition is made, the result is reconverted to dBm. We have:

[S/(I4N)].o 10 log (P +d I P,)+ (Ill-i)

When Pd, Pn, and P,.o are expressed in watts the ratio is in dB,

Ill-i
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In Co S11- it1tuition . !!Lkt'u. tus of rit-eriering signols "ilI not b)e equl tu the desire.

signal (reiceive'r) Irequency However, equations are supplied for each of the five interactions

which convert input values of Pd (at fo) and P, (at f,) to P,,,. permitting conversion to

15/(1 N)l11 ., I This can then be easily converted to [S+I+N),.{l*N)I, commonly called
SINAD, for the model output.

DEGRADATION CONSIDERATIONS

Operational deqpradction is a somewhat loosely defined term which implies relating

such parameters as receiver output S/(I-N) or (St l+N)/(I+N) ratios to measu,'s that will be

iwaminqful to ust-rs, w,'"iijiic'is, and analysts. One of the most commonly used measure& is

the ,i ticulatin sc:ow which is the percentage of a standard word list that can be recognized
,iS f tunction of ou tptit (S/N) ratio.

Ihe COSAM model computes the statistical distribution of the desired signal, the

no.se, and each P .... Since the anticipated output SINAD is therefore also statistical, an I
articulation score measure is used to select a SiNAD threshold. The COSAM model then
computes 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 commonly used.

COSAM provides three numerical scores, discussed in more detail below. See

Figures IIl-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 (SPS1 is the piobability of adequate for good) performance in the prowence 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 performance. For example, if the SPS were 0.4, one would predict poor

performance, However, if the UPS we,'e also 0.4, RPS 1.0, and it can be seen that the

inadequate desired signal would be the major problem.

111-2
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0 T IAAI
Figure 111[1. Representative Distribution ofý i+ for a Given Receiver (Upper Perform-

ance Score Calculation) N 10

IO t a -- nd ev threshold value s of signal plus noiseeto nolse, end signal1 plu s

iflierforefle plus riols-to interference plus noise ratios, respactiveIV.

2. The $Corel, frorn 0t 101 are the cross-hatched arees divided bV the 1tota *f... for Cech curve.

3. To account for variable dynamic ranges, thle maelmnurn values of s ihý oreI4
N~ 0

specified by the user. Calculated values above the muicimurn appear at the masgimrnu.

Figure 111-2. Representative Distribtution of ( llN for a Given Receiver (system
l4+N

Performance Score Calculation)

111-3
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DEGRADATION COMPUTATIONS

Receiver detector transfer function equations are used to convert input [S/(l+N)j

ratios to output iS/(IiN)] ratios. The following relationships have been tentatively

established (the heading for each case lists the desired signal first and the undesired signal A

second):

S n

AM -AM - ' ". . "" "" . .•i•

S10 Log W (111-3)

, + 1,° ,, +N ! :

FM%4FM

( ~ )~l~+5

FM NOISE

iI+N l+,N

SSB SSB AND SSB -NOISE

S -

I i _ ,(111.4)

I +Nj 0

'+ Inc

CALCULATION OF MEAN POWER LEVELS

As mentioned above, equatinns are used to convert ofi.tune interfering powers to

on-tune mean Pin, values for the five types of interference interactions considered. In order
to use these equations (presented below) the power present at a victim receiver due to each

111-4
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,,mterferiny transmitter must he calculated. COSAM calculate coupling loss by one of wo
'.ethodý dependinq upoii the CO-SITE installation. If a ground or ship installation is being A
a nalyzed one method is used. 1i, on the other hand, the installation is an aircraft, a second
'method mu.jt be used so V at coupling around the aircraft fuselage may be considered.
Coupling loss, as defined below, includes the gains of the antennasasvweO a! the space Io"s
between antennas.

Ship and Larnd Coupling Loss

The stabitical expression toi ship and land coupling loss as used by COSAM is: i
C(1,2) -G(1)-G(2)-37-60 sin Q + 20 ( +siri2 0) log c (df) (lll-7a) -If

+14 P (0---sin 0))2 f Ž 30 Mi Hz
where: - G (1) G (2) 5 1 20 louq, (I + ,0226 df) lll-7b)

414 P (I -si )• f, -'30 VH Hz

C( 1,2) Mean coupling loss between antennas 1 and 2,
(dW). This is th. value which, when subtracted A

from the interfering transmitter power. (dBm),
gives the received interfering power (dBm).

G(1).G(2) Gains in dB of antennas 1 and 2, respectively

d the distance between antennas, in feet

I : the frequency of the transmitted signal, in MHz
I

U = the vertical angle between antenna positions, in
degrew (See Figure 111-3)

P polarization factor (1 for cross polarization, 0 otherwise) .
Each antenna location is identified by its X, Y, Z cooordinates (in feet). An example

is given in Figure 111-3,illustrating the computation of 0:

a
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Figure 111-3. Antenna Coord-nate System for Shipboard and Land Configurations

-arc sin(llB
d

2- +( 2  Y (Z2 ZI )2

If 0 0, Eciuation(III-7) reduces the free specs equation minus 7 dB. The statistical
distribution of (111-7) is assumed to be normal a~nd a value of, standa~rd deviation is supplied.

Aircraft Coupling L~oss

The expression for coupling 1(j55 ut anl aircrad assumies that antennas are on; or abov'e

a perfecTly conducting cylindrically or conically shaped airframe. The geometry of the

-airframe is depicted in Figure 111-4. Some of the features are:

1, Raised antennas on stabilizer only
2. Cylindrically' shaped body
3. Conically shaped taii section

The expression for mean coupling loss is:

C( 12) .~-GI 1)-G,2)-37.9 4 20 Log, (di) 4 CF l(9

111-6
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O=IWI

Figure I 11-5. Illustration of Cylindrical TermS

ANTE NNAS

Figure 111-6. Geometric Mean Cylinder

Ill-B
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where:
I4

GO1),-G(2) Antenna gains (dB)

d = shortest distance in feet along the surface of the
cylinder between the antennas (Figure 111-5)

(Z57.3 2

Sf = frequency in MHz

a radius of the cylindrical airframe'in feet. If !he

airframe is conical, a = -F - a 2,, the geometric
mean radius. (See Figure 111-6)

CF curvature factor which is a function of the variable y

7,64 x 10- (¢J'0

0 the angle in degrees separating two planes that contain

the longitudinal axis and the transmitting and receiving i
antennas, respectively

4

Z the distance in feet separating the projections of the i

transmitting and receiving antennas on the longitudinal ¶
axis

X = wavelength in feet of the transmitted frequency

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.

111-9 4



ESD-TR-73-016 Appendix III

The statistical distiibutiur, for (111-9)is also assunmied t• bhe normal and a standard
deviation value is supplied.

Antenna Couplers

The off-frequency rejection loss 03i C)] due to antenna couplers is assumed to be that
ef N cascaded single-pole Butterworth 0andpass filters and is given as follows:

C) ION L') )1-1))1

where:

N The number of tuned stages

0 The quality factor or ratio of reactance to A
resistance of the circuit

f,- Tuned frequency of the circuit (MHz)

tf Operating frequency minus f, (Miz)

Power Loss Computation

To compute the mean received power at the input to the receiver (R,,) due to a single
interfering transmitter (iT ) the following is used:

P, = P, (T,)- (C,) C(1,2) - P(C:)(11-1

where:

P. mean transmitter power output, in dBm

P, mean received power, in dBm -,.

111-10
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The variance (o2 ) of the P, distribution is:

0 (P,) u (P) + oa C(1,2)] (111-12)

Losses of all sig;nificant paths are checked. For example, if TI, T3 and R2 form a I
third order IM triplet (discussed below), such that:

2f, -f. = 1j

we say that a transmitter IM (TIM) product as well as a receiver IM (RIM) product will be
formed- Further, T, is the "victim" transmitter in the TIM triplet and T3 is the interfering
transmitter.

Io compute the mean TIM power at R2 we must first compute the power at T, due I
to T3 , using Equation (111-11). Briefly, a new product is said to be generated by T3 ati

-frequency fz. Equation (111-11) is then used again; however, this time Af will be f2 - f and
f. f,- (C ) will be assigned a nominai value of 1 dB to account for coupler insertion loss.

Computation of mean RIM power levels at f1 and f2 will involve consideration of the

paths from each transmitter to the receiver. j
II T, has a spurious emission, Equation(Ill-11) is employed in the same manner as in

the case of a TIM product. Adjacent signal and spurious response computations also employ
Equation(Ill-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:

Pir,0 = P1- +(1 - M) (Pd - R-5) (lt1-13)

where:

input undesired power, in dBm

Il-I
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ji.-. efteclive off frequency rejection (due to Afl, in dB

_P= ':input desired power, in d8m

M a value of the slope APP/Apd,

<• 1.0, P, > P•

R, = receiver sensitivity, in dBm:

Pit = a specified interfering power break point

Values for 13,, M, and R, are obtained from equipment spectrum signature measured
data.

Spurious Responses

The expression for spurious response calculations is:

P(n1 2 - q) R8,q(P1 -3,,) (111-14)

where:

P.,,, = tho effective on-tune interference power, dBm

F, = input undesired power, dBm j
R, = receiver sensitivity, dBm

13., effective spurious response rejection, dB

= a positive integer which represents the harmonic
of the spurious frequency if

111-12
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Note that if qc 1, P,,,, is simply P, - p,. However, if (I 2, an increase of 1OdB in

P, will result in an increase of 20 dB in P,.. Limited measured data supports this

hypothesis for the p 2, q = 2 response. Digital equations are used in COSAM to determine

the various receiver IF and local oscillator (LO) frequencies as a function of tuned
frequency. The spurious response frequency is then calculated as a function of the IF and

LO frequencies. .

Spurious Emissions

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

P = P, .--J, d -(C,) -C", - 1 (111"15)

where:

T the effective on-tune interference power, dBm

P, transmitter power, dBm

f,. effective spurious emission rejection, dB

P3(Cd1  oft-frequency rejection due to the transmitter

coupler, dB

SCtr coupling loss between transmitter and receiver due
to antenna gains and path loss, in dB

The value of 1 dB represents the insertion loss of the receiver coupler.

Transmitte Intmmodulation

SThe transmitter intermodulation power is given by the equation;

P = mP.m +n(Pi Km 0,)w (111-16)

!IIII 3MNO
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where:

PI, power level in dBm of the IM product at the
transmitter at frequency f,

.P, output power ievel in dBm of the victim transmitter
signal at i, 72

P, received powfer level in dBm of the interfering
transmitter signal at f4

off frequency rejection in dB, a function of
frequency difference between fv and f,
and the victim transmitter output selectivity

K, transmitter conversion loss term for the m+n
order case

off-frequency rejection iri dB, a function of

the difference between f, and f, where
f, - f I, and f, is the tuned
frequency of a victim receiver

m, n = integers

f 1, - mf• - nf1

Value-s for K, , K3, 2 and K4 , : have been computed from spectrum signatures,

Reciver Intermodulation

The receiver intermodulation power is:

P m (P, - P, ) + n(P - )-K,,. (11117)

where:

P power, in dBm, of the intermodulation product
produced in the receiver

111-14
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rn, n integers (same as Equation 111-16)

SP, power level, in dBm , of undesired signals J

,•t ir off-frequency rejection in dB, a function of the
difference between undesired frequencies and :
receiver tuned frequency (f,), where

fr •" fi1r.

mf, - nf1 ! ----- :

Kn,, n = receiver RF amplifier or first mixer conversion loss

Values of I K 2,1 K2 . 3, K , and K4, 3 for the first mixer, and K', 1,' 2, K' 3 , 2

and K' 4 :* for the RF amplifier, have been computed from spectrum signature data.

STATISTICAL METHODS

Application of Monte Carlo Techniques

Each of the five interactions results in intermediate predicted distributions of P,,, P,
and Pn 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-point, one constant (M < 1 or K' , ,, respectively) is used; if it does not, another
"ConstAnt (M -1 or K respectively) is used.

It is anticipated that the P. distributions will frequently include values above and

below the break-point(s). Crnsequently, a Monte Carlo procedure is used to select a single Pi
value from the computed distribution by employing a random number generator and,

depending on the value, the appropriate equation is selected. The process is then repeated
many times to compute Pin. and [S/(I+N)]Ir,00 . -

In brief, one receiver is selected; an interaction table is examined to determine which
transmitters are potentially significant. Then, for each interaction, the appropriate P1, Pd
and other parameter distributions are selected and a single value chosen from each by means
of a random number generator.

111-15
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A single vahle of P,,,, is computed from these values, the next interaction is
considered, using the same points, as apolicable, and so on. This process is termed a "run".
Then, for the same receiver, approximately 1,000 runs are performed, eventually resulting in
a predicted [(S+I+N)/(I+N)), output distribution. Each receiver is considered in the same
manner.

Computation of [S/(I+N)11 o

Each run (of the many runs per receiver) contains a list of computed Pin values.
TABLE I 1-1 illustrates some typical results.

TABLE Il1-1

TYPICAL P,,, OUTPUT VALUES

RECEIVRF4 NO. I

I rarl. No. T yp* Run No 1 Run No.? - Run No. 1000
,no

No 2 AD.! SIG. -120 -125 -123 -12'
No. 3 ADJ. SIG, -- 1C'CO -104 -102 -103
N .. 4 ADJ. S IG. 85 -90 -8? - 69
No. 6 SPUR. Rr SP. -- 130 -124 -1126 -127
Nu. 4, !.PUR. EMISS. ,- 125 -130 -129 -128
N(v, 1 3 rd. ORDER - 1t0 -112 -114 -112

No. B TIM

No, 7 3 rd. ORDER -100 -93 -98 - 96
NO. it RIM

EPino

d -. 74 -- 78 -76 -75 (P11d)

Pn -- 108 -- 112 -110 -110 (P n)I

Each column in TABLE Il1-1 contains a list of P,,, values for each run. The last
column contains the mean value of Pino due to each interaction. The program considers
each run separately and computes the sum of Pin. Also included are values of Pd and Pn.

111-16
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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/(l+N)]1 r,,, is then computed using
Equation (l-)

OUTPUT

A distribution of IS/(l+Nfl,, values is determined using the appropriate transfer
function (Equations 111-2 through 111-6). This distribution is then transformed to a SINAI)
disttibution as follows:

SINAD = [(S+l+N)/(l+N)1 0, dB =10 logo0 (I + 100.1 IS/(i+N)I 0 ] dB
001-18)

Af ter the computation of each receiver's degradation scores (Figures Ill -i1 and 111-2), a
print is given summarizing the results of the interference analysis. The average P,,, value~s

for each interference situation are given along with the three degradation scores. A plot olthe SINAD distribution is also printed,

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

36
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APPENDIX IV

ANTFIiNNA AT-91 2/VRC ANALYSIS

BACKGROUNI

This appendix contains a description of antenna AT-912/VRC,
along with an analysis of its off-frequency operating character-
istiz.s. Antennas of this nomenclature were used in conjunction
with the equipment at positions 1 through 4 during operational -4.
field subtests. The various measures of comparison between mea-
surements and predictions of antenna characteristics are also
described. Finally, a suimary of major results of the antenna
analysis is provided.

AT-912/VRC DESCRIPTION

Antenna AT-912/VRC (References 8 1 9) is a ten foot, center-
fed vehicular whip designed to operate as part of a VHIF (30-76 Witz))
communications set. The external appearance of the center-fed whip
differs little from the common base fed whip. Referring to the
simplified schomatic diagrami of Figure IV-1, its principal features bM
can be sununarized as follows:

1. The impedance matching problem is solved by divid-
ing the frequency range into the ten fairly narrow bands shown in
TABLE IV-1, by providing a separate fixed-tuned network for each
of the bands at the base of the antenna, and by switching to the
proper matching network by means of an automatic remote control
activated by the frequcncy select control of the radio set.

TABLE TV-]

AT-912/VrC FREQUENCY BANDS

Band Frequency Band Frequency
No, Range (MHz) No. Range (Niz)

1 30 to 33 6 53 to 56
2 33 to 37 7 56 to 60
3 37 to 42 8 60 to 65 !
4 42 to 47.5 9 6S to 70.5
5 47.5 to 53 10 70.5 to 76

I
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Thus, the feed cable from the antenna to the radio
set can be of arbitrary length. No manual tuning is involved other
than depot (Sill ('CclIon) maintenance level adjustment of the match-
ing networks to ach ieve a standing wave ratio (SWR) smnaller than
3:1 over the ent ire range.

2. The vertical antenna is fed near its center through
a coaxial cable (RG-63 B/l1, 125 ohms characteristic impedance) and
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 secondary, 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 selects the proper reactance value for each band. This
permits controlling the current distribution along the lower 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 current 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
important, the decoupling actually achieved between antenna and
vehicle body is sufficient to make differences in impedance due
to vehicle type, mounting location and ground conditions 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, tele-
scoping sections, or lumped 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 housing has threaded
inserts to permit mounting on a variety of vehi.cle t,-pes. A han-
die provides ease of maintenance and also provides physical pro- 3
tection for the two sealed connectors mounted near it. The de-
tailed MX-2799/VRC schematic diagram of Figure IV-3 shows that
each of the 10 mat,hing networks has either one or two variable
(piston trimmer) capacitors for tuning. Approximate component
values are given for the remaining capacitors and inductors. Fifth
echelon nmaintenance instructions (Reference 12) call for adjust-
ment of the variable capacitors of each network to obtain a SWR (SO
ohm system) of 3:1 or less within the applicable frequency sub-band
in TABLE IV-1.

1V-2
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COUP LEFR SE LUCT IVI 'I MODEL1,

As noted in Section 3, the coupler so'lcctivi ty mrotdC us ed w;as
based on ai ningle set of- field measurements (Reference 7). Theý
confi gkrat ion consisted of two AT-912/VRC antennas separ.-tnd by
approximlately five feet. Coyii'ined matching unit, anterina, and~
path losses were Measured versu-s frequency with both co-mounted
antennas tuned to band.). The tests were repeated for the other
nine bands.

The coupler selectivity prediction model was dcrived by sub-
tract ing path Ioss from the measured loss valuie and then asrumi iqi.
that half the result ing V.1u11, was due, tv cachi coupler. The coupler?
selectivity models for the tcn frequcency hands, are plotted as aI
solid line (label led IJSAIPG, Data) in Figures 1)1-4 through UV-13.
These selectivity models were used for the COSAM precdictions do--
scribed in APP'',LNDIX 11.

SFETICTI VITY MODEL VALI DATION 1

AVCOData -!:A

In-bano~ anIrtennra impedance data for tcach of the ten frequency
bands are presented in Refeience 9 and reproduced here as Figure
7V-14. The data rcfeience point is shown as A-A in Figure IV-l.I.
Impedance data at this point Includes the effect 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 111-14. Exceptions are bands 5, 6, and 7, and bands
8 to 9, which are continuous.

It was pos3sible to arrive at a MX-2799/VRC coupler selectivity
model by combining the measured anitenna impedance data with the
matching unit circuit diagrams of Figure !V-3. The out-of-band
antenna. impedances for each band position were assumed to be aprrox-
imately equal to th'n in-band impedances measured for each of the
remaining nine pcositions. Thei error resulting from this assump-
tion was small comipa-ied with the other uncertainties involved.

Matchiing uni~t variable capacitor value! (.JFD Model VC32GW,
0. 8 - I;1) pF) were selectcd analytically Such that the 3:1 in-
b)and SWR requirement,-- were met (where possible). Bands 1, 3, 4,I
7, 8 and 9 each containc-d one or more in-bl)ard frequencies for
which the SWR could not be reduced to below 3:1. Capacitor values
for these bands were selected for mininium SWR. The analytic method

utijizQd Litt iUluctiuzii. k"!iICU-* A;-~~i Y I'rOgram (rC.A!', Dc'f.rence 10)

I V- 3
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ICAP was then used to derive the coupler rejection curves labelled
"MAt- ECAP'' in Figures IV-,4 through IV- 1 3.

Band 6 was chosen to study the selectivity model's sensitivity
to changes in tuning capacitor settings. The ECAP analytic method
was used to determine capacitor C613 and C614 values which would
satisfy the 3:1 SWR critorion. Wide variation in the resulting
couliter rcjection 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 equally sensitive to tuning
capacitor settings. This tends to explain differences in off-

tined cuuiplj I ngl measured in Reference S and the large (8.1 JB)
coupling model standard dcviation.

TIRACII

Sclectivity data were measured between the input and reference
point "A-A" for each of the ten bands of a MX-2799/VRC antenna match-
ing "mit loaneId to UCAC by USMC for this purpose. Matching unit in-
put and output impedances (SO ohm load) and antenna impedances were
also treasured. These data -,.ere processod by, the Transmitter/ke-
ceiver, Antenna, Coupler Evaluation (TRACE) analytic model to arrive
at a sv-cuzid, independent set of selectivity curves for validation
purposes. TRA(CE is a computer program which can, among other func-
tions, arrive at a statistical selectivity function for an antenna/
coupler/transmission line system given 30 ohm insertion loss data
and impedance data measured at selected points throughout the sys-
tem (Reference 11). The statistics account for variations in the I
selectivity function due to varying transmission line lengths and
tuning element values. The resultant mean selectivity values are
plotted "Figures 1V-4 through IV-13 and labelled "TRACE".

SIIATIRUM S IGNATURE

Far-field power density measured data were included in the
AN/VRC-12 spectrum signature for six of the ten ATC--912/VRC bands.
Data was recorded in 10 NMlz frequency increments in order to get
the coupler rejection to be expected out-of-band. Two samples
were tested. The results are plotted in Figures IV-4, 6, 8, 9, 11
and 13 and labelled "SPECT. SIC.''.

RLSULTING REJECTION MODEl,

Coupler iciection variabilities shown in ilgures IV-4 through
IV-13 and Figure IV.-F- suggest the need for a statistical AT-912/
MX-2799 rejection model. The individual band mean value model.;,

i V-i
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which will be incorporated into COSAM, are plotted in Figures IV-16
through IV-20. rhey 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 'I
out-of-band.

CONCLUDING COMMENTS

Several replacement antennas for the AT-912/VRC have been I
deveL'ted and deployed recently. They may be used interchangeably.
One '-ich antenna has the nomenclature AS-1729/VRC. It has a match-
ing u.,it which was redesigned from the MX-2799 so that the num-
ber of components could be reduced, thus improving reliability. J
T'his is mentioned here because the newer designs do ncý have the
out-of-band selectivity incorporated in the AT-912 design. There-
fore, it is sometimes advantageous to use the older model (AT-912)
from an FMC standpoint. EMC analysts should be made aware of this
fact.

I

I
II
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SECTION 1

I NT'ROD)UCT I ON

BAC KGROUND

Reference I describes a cosite :aninavsis model (COSAM) de-

signed to statistically evaluate interactions between commun~ica-

tions equipment. The first phase of model development dealt pri-
marily with conventional UtlF-AM transmitter/receiver systems which
employ single channel voice modulation. Validation of this portion
of the model is documented ir. References 2 and 3.

The second development phase dealt with single channel and
muitiple.ed [N tr'nsmitter/receiver systems at VHF. Transmitter
and recciver equipment model were derived from spectrumn igna-
ture mc:i:;ured dat.-. A coupling model -,., deQ'.-loeTd from meýasured
VIII. coupling da tl ({Re fie rent (6).

Althotgh the model components were based, primarily, oil equip-
ment and coup 1tig meastired data, a full icale validation program,
conducted in several phases was desirable to determine how well
the overall COSAM system could predict cosite situations.

Consequelitly, a measurement progravi involving VIh: equipments
was conducted by the II.S. Army Electronic Provingn Grounds (tJSAEPG),
Fort Iluzchuca, Arizona (Rcf, :rence 4). Supplemental tests were con-
ducted at the Naval Electroni c Systems 'lest and Evaluation Facility
(Reference 5). "iTis report compares the measurements obtained dui ing
bhi-, program tith predictions made tising COS.\M.

The original intent of the eff,,rt was to validate the COSANI
~ro..ram for s i mu!ated operat iona i Cont igurat i on of equ i pments for

,-bhich no specctrum signature data were available. If this were pos -
sible, the desi red independence of model development from meas,,.red
e•u i piert data could have been determined. Mll t:ictical Vill' cqoip-
liIe:lts fall i:!lo one t" f three or four hasic designs. Equipments

"'I" tlk 1P.1c ]e ea sured n the spectrum -;gnatue progi-um.
A•,t i .ipt t, obt;-in equiipzints of different !c;.gn. suich ts coii'm lr-

m I • 19 0!),. )ili. UIF-!:M c_ uipirncits, for this valii d. on proram
1:10- not successful. Consequently, the effort was necessarily

t ,'d to va! i dait on tf the predictior) program relative to eqiu~p-

. ¶,h the sa;e noienc1aturcs as those for which ineasured dat i,
-, ,.pc t rum s•i Iatkirc type, were prey :u sly available. Three-

S.: t,. do alt i or I mea:sured (data were nr t availabble from th,
VT: -IkL'!,!. IVC)e t [ r7J';aIII. [i r) i: ,tl , fo " f- t h i type of Lflteract ,.ll.

.1 r jII .'u :j t L; I ,". 1, ? )'il 1, I itV to cst I;l. c p.'Y-

1 1.
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Mo-t ava ilahble measured data are, at best, SMal 1 s amiples o
equ ipmenit performance. In genera I, spectrum signatures involvO :y
l imited ranges, of frequency separation and input power levels
for adjacent sign~al, transmitter and receiver inter-modulation,
anid spurious responise and !spurious cmissior. tests. They also
involve limited samples of equipments of the same nomenclature.
The data do not nocessar-ily represent the behavior of all the
receivers and transmitters at all frequencies in the tuning
range.

OI~JEC'ri vi

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 necessa'rily limited to
a cons iderat ion Of equipment for which measurod spectrum signa-
ture data was available.

APPROMACH

T1 1e major finrd ings of the measurement program were descrihied
and -omrpaored with COSAM predictions. Several measures were USed
to nd icate how well the arialysis results compiared with the wie~as~rrc-
mrcf)I

Pieai:;ri r coupl ing dato were compared with results Of' tile COSANM
couipling, model. TheL average difference between the measured and
predicted meanr values was noted; the standard dc'~iation of the,
di tterciiteý. was calculated.

The overall 11Model 1)ia , arnd thle associated standard deviati on
ver ( ailso pi--v i ded . Model bi as is defined as the average value

Othe di fterenccs he,-twcil the measured STNAI) output value.:- and
t n* i;ocate prdicedmcan values. (The term SINAD represent.

~ 2 plu- uterleerv~-J~lus-niseto itreec-ls
r ~ , n'(:, I +N)/ (1 +N') where S refers to the desired sip-

H ~ .'n I ~ the~ I i ~e stu o' aI interference and dus tor-
'. !etr o rio1 se. )The :;ummation i s, mad e in

K Vir lh~aton coulId b)e (I e ntfi Id
I c. I:caI T il. .It i IC r

rd d vI: tIoI [c-,
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SECTION 2

RESULTS

Trhe ViI:-iFM COSAM system predicts operational degradation "
accurately in spite of the large number and the magnitude of the
uncertainties involved. The major results, in terms of agreement
between measurements and predictions, were as follows:

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 8.1 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. Art 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 each mechanism were less
than 2.4 dB and that standard deviation values were less than 6.3 dB.
The bias value magnitudes were less than 6.2 dB for 94% of the cases.

4. As shown in Figure 2-1, 90% of all of the cases re-
suilted in differences between measured SINAI) values (S) and asso-

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

S. 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

SPS is the measured value of SPS.m

6. Results of the Interference Condition method, using
a .1-condition scale, indicated that COSAM results were within one
kondition for 76%, of the cases and within two• conditions for 92-0
Of the Cases.

7. Using the results of the coarser Interference Con-
,lit ion method, the probability of a COSAM prediction resulting in

't ,ro,;s error ik less than 0.08. (A gross error is defined as ii
"VI;s, ,iotn whcere i, prediction will indicate acceptable or better
:,t'rf~,,~anc when a measurement indicates intolerable degradat jon,
ti the converse situation.)

- IREPRODUCED FROMBEST AVAILABLE COPY
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The interact ion identi I icat ions provided in T'ABLE 11-1 refer
only te the inajor mnechanisms predicted by COSAM. Tni many cases,
SI'S values are influenced by) more than one mechanism and more o
than one transmitter. Consequently, cw~n though, for example,
an adjacent s ignail or a spurious response is ident ified, thle
score may reflect thle effects of other transmitters and other
mechan i sins.

NU)I'VA XALIDATION

Eva luat ion of' Coupling P red ic-t ; ois

AsnoedinAPLN)I I 4flcopling measurements were mtade
amiong the 0 aintennas. Four of thle antennas were connected to
MX-2799 antennia couplers, which provide 10 tuning positions.
Four- tunied frequencies were used in conjunction with four tuining4
pos it ions (if the couplers. The hi as was appro)ýimate ly 1 .4 dRP;

C., .measu~red valuies, on tile average, exceeded predicted valucs
by t hi ,; imount. The standard deviation was, approximate!)' 8 .1 dB.*

Notc that thu: coulp!ing' vaIlueS for a large majority of the
nieasuremnent s inclu tded the aittenuat ing effects of the cou~plers.
iTIW co0I;) IVr seL'ectivity model was based on a single set of mej-

imade at F~ort Iluachucai several years ago (Reference 7).
l h, :n stru t ioyi mann il for thle couplecr (Reference 1 2) indi c ates
th-i 'he dev ice is, matched to thc antenna and the transceiver b)y
en aýl r Inri tha,1t ;II i Toput VSWR oIF 3: 1 i s not exceeded . The mnatchli
proct-dilre i 'oIvediustineit of one or two capacitors In citech
the ten netwozrh5.

jor a large- majority of' the coupling measurements, both cou

Icr, were In off- tuneI posit.`onsm relat ive to the measurement fre-
qticncV . AP!'LNPI1X IV indicates that the matching procedure can
relti It n ci rcut,; which can 'have cons iderabl1y di fferent off- lre-

qonv rejWct ion characteri stics from one coupler to aniother. Trans-
II ,s ou r i ne I ent~th Cain aliso have a sig~ni ficant effect . Var iat ions

',I! to I 2 d li a1L re pS"ibie.

xi I nat'tionl Of' the coup!IilJ t 11t nSihta sgtCStS that pr-ed ict ion errcr,;
ho.,e itt rilmt-Id to the comb ned effects of' alitennai-to-antenln.! coun;-

IM;i I k.n11t I cun cpIr 1; elet ivit v. 1:i tbtv percent of' the total
e ;V I ~d rri' Iest hart 10 cL[3; approxi matelyI 9.1* (,. the

Lia II :.I vcd L' rum- vess t han 1S dB.

K rd tvi n .~ v I i L v~a tbeenl abt Iahl t d w i I h thbe Inca -

Ie. " I ,l I IcCn t'(tnrrIn t h)i Cli( pr W111A I.I 0 , II;s T1u'

PPIi PI-.. i~l i) I

.. ~' tiI .. r -I n( I h for T, hc ilh 11 a a'.
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Reference 6 indicates that a standard deviation (a) of 6
or 7 dB can he expected for the.,antenna-to-antenna coupling
model. The uncertainties involved in coupler tuning can be

eXpected to increase this value to at least ,8.l dB, which was the
computed standard deviation.

It is of interest that the path between antennas 91 and #4
consibtcntly indicated errors involving too little loss as com-
pared with predictions. The orientation of the antennas (including
the effects of antenna #3 on the jeep; see Figure I-1) evidently
reuilted in increased gains over this path.

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

However, the uncertainties involved with coupler selectivity
suggest that There is no just i fication for modifying the coupling
model. A revised statistical coupler loss model which will pro-
vide slightly more accuracy, is presented (Figure IV-19 to TV-23),
but it appears that no generalized model for the configuration in
question could he devised which could reduce the overall a to a
value of less than 7 dB.

In general, the small bias value suggests that the models of
path l,-s a.,d coupX.. s.Icc'.. ',c i;rdi~tir~g avcuge ;alues
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
flKMle I Con St ruCt ion of imp)ro0ved coUpIli Pg models for specific con-
,,,nr.,t ',,'K i. ,Iif fer-n t or ientat ion,; re I at ive t o a j eep or

0oM t I Iher 01) i)t ,cIe) does not appear to lbe warranted.

Lvailuat (,n of di Variations

As, iod Ci:ted , Se,1 SI XA:\ output d i st ri hutions wure predicted
"o p ,omia r(.d with hie same nm 4)er of measured SINAi) output values.

l.a,, mea,;!r,.;.vnt said to N, a sample of each distribution.

We w),ish to determine 1low well the distributions represent the
.:..,("d valtiue,;. 'h is a rather unusual problem in statistical

"nI,lyl, I lnsýt cad of having one distribution to evaluate, we have
a ;±rily ,.,' distrihutions. ThL methods applit-d in the following

, , t ( '. ,w, ri dcv, I C pe, ! i ri Reference 2.

REPRODUCED FROM
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The mode hias (If i. doeli noi a:'; follows"

N

Whetre:

Ai ithe ith vzalue of' S minus. the ith value of

P

S = tile mea,;iured output SINAI) value, in dB

S the pIred i ted output SINAI) mean value, in dB
P

N -the number of samples

B, therefore, represents the mean deviation, ur the average
(I i ftecrence between the measuired valiis and the associated predicted
Meean values, in dB. A posit ive value will indicate, on the average,
that the model is predict i:ng too imich interference. A valie close
to :m're woti Id be desi rable.

The seco)nd test perlformed was the CollpUi ation Of a (A), defined
t. "ol ow

1/2

--/ N A.(ji 13-2)

:, i i l- ddfincd a;s the st:innd:rd deviation y . ti - -S di s ri-
SM p

t,,it ion and provides i mloeisure of thle spre:, of tile deviations from
the mean. A plot of the cuimulative distribution is given in Figure 2-1.

1xamnnat ion of the plot proyvides the percentage of the total whi ch is
Irt'. t'ial alny specified dP l vel1

VhO' \ I ti c t [i •l kfl ftor ; I I of the meastirements.; and tie
I , t rZz"i' ,_t loll catet.ori's, provide part ia I ,al idat on measures.

, hr-;.', they r t. vrt tile colijdence one caln place in tihe mod-
V! tv I ',l IT ' .va"; ties.

A t 1.: .e:ili .i'd I) (]et tr'l I no I hic chracte ris I t'S I f"
' "1 l'V at I (,II otl t ht" pr'o-lI' C t ed (dI -t4 r i hll, I o I C 1:1-

?l it J i ,. t , I ;tt . I V L' )t I- t ht

,Y- 6 REPRODUCED FROM
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ESD-TR- 73- 016 Section 3

relationship is given in APPENDIIX II, Figure 11-2.

Evaluation of System Performance Scores (SPS)

(COSAM's primary output is a numerical oestimate of operational
performance. That is, the SPS is the probability of exceeding a
specific SINAI) threshold value (10 dB, in this study), which is
relatable to an Articulation Score (AS) or an Articulation Index
(AI) value. In other words, the predicted probability distribution
is merely a means to an end. If possible, one would prefer to ha•vc
a straightforward mathematical measure of the quality of the SPS
scores, as compared to the measured SINAD values.

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

Th1 Bin Mothod. All of the SPS values were placed in bins,
or groupings. Several bin sizes were examined. Twenty (20) bins
were adopted since this value provides an approximately equal nurn-
her 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 ncua:.ured SINAI) values exceed the threshold of 10 dB. N . Then,

we noted the quotient of N I/N, d-fined as SPS

Th'c fi rt and last hin are considerably larger t han the others.
his wa; because a lar.ge number of predictions were either zcro or

I.(0, accotint-ing for approximately 30% of the total.

The W ;is COIL11111, SI In'S - SPS represents another possible mnea-

,o-,. )er" 1;, i: f of the dit feCrences arc negative, indicating; that
t -•. rmodJl r,.i ctutll to•o littic interference. The averatge value of

1, :i t e it- c , was;t ;tvprox ima1te lv 0.1 suggesting that, on the aver-
P, r, I. i.i•'5 v:lkues wl I I be too hi•gh by this amount.

" -: , i , versl',I: SI'SP . The di ag',)n Il line

he , 1 ,'-1 i i t) e Idel wo ld prI vide if it w're
c I I 'ýr, ; (It on. ['ha1t i I, f 1 L 'i t he ) TI

"-:"~~~~ hi, •-,l, I, ' " e't'Lt•l I( a I . then liv Ia " d ' i nit i in
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A measure of model error, ~iT terms of SPS units, can be
obtained by suibtracting the Values of SPS from the correspond-,
inm values of SPS on the idealized curve. At the lower values
of slis, thlere 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 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 noted. The Smoothed curve provides an estimate of model
error. As can lie seen, for 901- of the cases, an error of less
than 0.2215 SPS onits wais noted. In practical terms, this indicates
that the user can be confident that a prediction of SPS will be
accurate within ±0.2',25 SPS units (for example 0.5 ± 0.225) with
9010 confidence. It' other confidence levels are required, they may
be taken from Figure 2-2.

*Vhir 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 a of 0. 085.

Inter ferenc-, Condition Method. The Bin method provides an
overall error- measure. It was also deemed desirable to provide
a more det ailed measure which could be applied to each type of
int erac tion as-, well ais to the overall p)opu I at ion. The Bin method

can be meaningfully applie~d only, if a relat ively l~arge number of
Sampl1es Is ava i I e.il

TheI IC Clfe '(reneeC Co1d it ion Met hod i s baLsed on the hypothesi s
thalt Ii compa ri son of each measured va lue wi th each associated pre-
dic-ted Y'S value is valid If viewedt in operational terms. For
example,. i f the- SPS i s 0). 9 and t he measured SITNA[) is 20 d13 , oneC

Id iotothat, this is a gkmd prediction Similarly, it' the
S I AP ore- 0 dB for- the samlie SPS , one would say that this is a

poo 0 re 1. nt ThiS type~ of deci,' ion is not centirely subjective,
uthtutu' som I I. I ji uJct isi nyu I %- d in Specifying lmt ewe

.j m(d ; rid jmor- j)red i Ct 1 0us.Io1fvr past experience -in rat~ing in-
r~ue mord i ots ro' ide'~ot~prucedeInt for employing this, type'
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The me•sured. SINAI) va ltles present a simi lar problem in

inter pretat ion. Thi.s subjeccl was discussed extensively in Re f-

erence 2. It was determined that SINAI) output values greater

than I; are go lod and valves less than 4 ýirc 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 (:OSAMl SPS outplts with measured values. We wish

to know, primarily, the likelihood of COSAM predictions resulting

in grose errors. (A gross error is defined as a prediction of

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

"Mhe 5-condition scale of TABLE 3-2 will be used to relate SPS

and SINAI) to operational degradation.

"TA II' 3- 2

SPS/SINAP P IVF-.CON)IITION SCALE

fCond it ionI SPS Range SINAP Range (dB) AS Range

A O.81-1.00 18 > 0.8S
13O.01-0.80 p 12; < 18 0.75-0.85

C 0.41-0.() 7;6 -12 0.65-0.75
) .21-o..10 > 4; < 7 0.5-0.65

S. 00-0 4

Since our data includes 501 pairs of SPS/SINAD values, we

may simply note the percentage which have no errors, 1-condition

errors, 2-condition errors, S-condition errors, and the maximum

e rro, •f I conditions.

he ,- conditi on scale is qtUite su itable for this exercise
., i' 1 • ~llt bfor minor score or inea mrement differences.

A I '(iondit ion error wotilr , presumably, be acceptable. A 2-condi-
t e),,i .rror m Iht be undesirable but ;t i lI acceptable. (This assllnI:-

t i,)i i. lc,ýcij.(i!c in more detaiil below.) A 3-condition error would
'141,)r- an1d J 1-c(0ndition error would be clearly unacceptable. We

t,' It# ,-nd I - c(il it i otn errors as gross errors.

, "" IR (\,1i. III, I 1.1 .,6 " inId i cit Ll t h lt 6 dBi wi-
I; i, p'i, t ,)t) ' I-, to)- 01)0',i ) I, .* t1i was ni,!Ir. r ilnalt ft•r

• ,. ... r•ld ii d1i• %S..1 ý! o ,()i f()r C,)1iil1ll1 rt'ia l 11scL .

REPRODUCED FROM
BEST AVAILABLE COPY


