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• 1. BACKGROUND.

1.1 Introduction.

• 1.1.1 This document reports the results of tests performed on engi-
neering models of the Raytheon RDS-80G digital microwave transmission
system in back-to-back and acti ve link configurations. This equipment

• ,1 was tested as part of the (iS Army Communications Command (USACC) Dig—

J ital Transmission Evaluation Project (DTEP) during the period of 19
August 1974 to 16 December 1974.

1.1.2 By Department of the Army tasking, USACC issued Communications-
Electronics Mission Order 874FUS136 in October 1973 to initiate the
DTEP . This project contributes to the Army ’s efforts in the area of
commercial devel opment eva luations under DCA Ci rcular 330-195-2.

1.1.3 The US Army Communications Systems Agency (USACSA), Fort
Monmo uth , New Jersey, is responsible for managing the DTEP. Actual
conduct of the tests was delegated to the US Army Electronic Proving

- • Grou nd (U SAEPG ) , Fort Huachuca , Ar izona , under the guidance and super-
vision of the US Army Communications-Electronics Engineering Installa-
tion Agency (USACEErA), Fort Huachuca, Arizona.

1.2 Approach to the Task.
1 1.2.1 The tasking documents for the DTEP establish several broad

• functions of equipment testing to be investigated and dotermined:

a. Interface parameters between items of equipment.

b. Transfer parameters within the system.

c. Propagation path infl uences on transfer parameters.

L... d. Test techniques and methodology.

j 1.2.2 To facilitate testing and l imit variables , evaluations were
scheduled in two phases. The first phase,~ known as the back-to-back

~~~~ tests , consisted of a series of tests with the equipment in a common
location connected by waveguide and cabling. This configuration
allowe d accura te basel ine parameters , test techn iques, and performance

a tests which could not be conducted on an active link wi th the desired
degree of confidence .

- 1.2.3 The second phase of evaluations was performed on an active link
from Fort Huachuca to a repeater site located in Texas Canyon near
Benson , Ar izona , a distance of approximately 32 mi les (51 kilometers).
A simplified map is provided in Appendix A. 
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1.3 Summary of Results and Concl usions.

‘.-• - • .
- 1.3.1 Plots of bit error rate (BER) versus received signal level (BER)

measured in a back-to-back confi guration demonstrated that all receivers
were performing within the manufacturer’s speci fied tolerances. The
attempt to dupl icate these curves by arti fi cal ly fading the transmission
over a 32 mile link proved unsatisfactory. This procedure was dismissed
as a vi able test procedure.

1.3.2 Statistical analysis was employed to determine link availability

J 
and increase confi dence in data deri ved from testing. The resul ts of
this approach demonstrated a high degree of correlation to antici pated
perfo rmance, and offers great potential for future eval uations .

1.3.3 The RF spectrum was eval uated to determine the 99 percent power
bandwidth and the degree of compliance wi th FCC Docke t 19311 criteria.
Analysis indicated that 99 percent of the power was contai ned in less
than 14 M~z , yet the FCC spectrum limi tations were exceeded by a small

• ) margin.

1.3.4 Errors caused by switching between vari ous back-up conponents
in both automatic an d manual modes were recorded confi rming compliance
wi th the manufact urer ’s specifi cations. The diversity switch created
no errors when swi tching, eve n when di ffe rentially delayed by approxi-
mately 40 percent of a bit. This error-less switching is of special
importance.

¶i. 1.3. 5 Attempts to interface the RDM-413 tiue division multiplexe r (1DM)
wi th two types of D2 primary mu1t~plexers resulted in modifi cati on of
the 1DM to achieve an operational interuace .

1.3.6 Brief measurements of cross-polari zed transmission on an active
l i n k  we re pe r fo rmed, showing a relatively high degree of isol ation was
maintained . Detailed analysis was not completed due to the lack of

• severe weather conditions , equipment, and time.

1.4 Recommendations.

I • 1.4.1 The statistical sampling techniques employed in tests of this
equipment appear to offer great potential in link and system character-

4

~ 

i zatjon . This technique should be applied to this and other equip—
nents over a longer t ime frame in order to more precisely define pro-
cedures, techn iques , and application .

1.4.2 The technique of clock switching emoloyed in the RDM—41 3 to
• establ ish the 1.544 It/s rate should be evaluated in a multi-hop con-

figuration to determine advantages or disadvan tages of this technique
• against others on a systems basis.

• 
- 1.4.3 Vari ations in Ti channel loading should be performed when rneas-• uring BER versus RSL at the 1.544 ft /s rate to cl ari fy the varying

degrees of performance in 1DM/radio measuremen ts such as reported in
this document.
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2. GENERAL.

2.1 Description of Equipment.

2.1.2 Three basic configurations of this equipment are available.
Each employs the same basic units , but each is capable of various
channel loading.

2.1.2.1 The first configuration offers a 192 voice channel capacity
p
1 . and uses the RDM-4O8 multiplexer at an output bit rate of 13.13 Mb/s.

• The radio bay Is the RS-842 operating at a 1 b/s per Hz density wi th
99 percent of the power contained in a 14 MHz bandwidth.

2.1.2.2 The second configuration has a 312 voice channel capacity
with the RS-842 radio bay operating at a 1.5 b/s per Hz density.
In th is configura tion , the multiplexer uses the basic frame, is de-
signed for 13 Ti lines , and is named RDM-4l3. Wi th a multiplexer
output bjt rate of 20.85 Mb/s , the radio output occupies a 99 percent
power bandwidth of 14 MHz or less . This second configuration is the
unit tested in the DTEP.

2.1 .2.3 The third configuration consists of two RDM-4O8 multiplexers,
each processing 192 voice channels , and two RS-842 radio bays operat-
ing on the same RF frequencies. The two radio bays are connected to
orthogonally polarized antenna feedhorns for an overall capacity of
384 voice channels in a 14 MHz RF bandwidth.

2.1.3 Figure 2 is a simplified block diagram of the functions per-
1 formed in the multiplex bay. The input Is comprised of 13 circuits
1 of the standard 11 format and bit rate of 1.544 Mb/s in the RDM-413

(eight Tl lines for the RDM-408). For simplicity only one line is
detailed in the figure and descriptions refer to the 13 port con-
figuration. The Tl line is converted in the interface card to a for-
mat suitable for equipment operations. Additional pulses are added
in the stuffer circuitry to build each Tl circuit up to a constant
bit rate. The 13 input lines are sequentially sampled and frame
pulse sequences and stuff cues added to compose a single bit stream

- - I at a nominal 20.85 Mb/s rate. This stream is then applied to the
4 radio transmitter.

\ 

2.1.4 In the receive circuitry , the composite 20.85 Mb/s stream is
• . separated into the 13 11 de-stuffer circuits as the frame sequences

are removed. Stuff pulses are removed according to the cueing pul-
• ses and the remaining nominal 1.544 M/bs stream is converted from in-

• ternal logic to the half-width bipolar Ti format In the interface
card for transmission to the first level (PCM) multiplexer.

2.1.5 The 20.85 Mb/s interface between the RDM-413 and the RS-842
• is normally in a non-return to zero (NRZ) format when the two bays

• are located within 50 feet of each other. When the separation

3
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exceeds 50 feet, optional wire line drivers and receivers are employ-
ed which convert the NRZ signal s to a Qiphase-M format over the inter-
vening cable span.

2.1.6 The RS-842 radio bay (figure 3) employs the heterodyne princi-
pie in both transmitting and receiving. The transmit path begins wi th
the receipt of the composite data stream from the multiplex bay. The
data is separated into two parallel bit streams, differentially encod-
ed, and phase modulates a 70 MHz carrier. The signal is mixed with a

• 
• 

frequency synthesized carrier in the up-converter, whose output is
centered on the final output frequency. The signal is amplified in an

- avalance diode amplifier (ADA) and filtered to reduce out-of-band
• emissions and transferred to the antenna. Additionally, the filter

restricts bandwidth such that a 1.5 b/s per Hz packing density is
achieved.

• 2.1.7 Essential ly the reverse process occurs in the receiver. Sig-• nals from the antenna are mixed with the output of a frequency syn-
thesizer to produce a 70 MHz intermediate frequency (IF). The IF sig-
nal is ampl ified and demodulated produc ing two parallel bit streams
which are decoded and combined. The combined 20.85 Mb/s stream is

• transmitted to the RDM-4l3.

p 2.2 Methodology.

2.2.1 The procedures in testing this equipment followed standard
• practice where established , as in noise figure and power output meas-

urements.

2.2.2 Where procedures are establis hed , but vary in details , as in
bit error rate (BER) measurements, the measurement time and number of
data points recorded were adjusted to maximize confidence in the re-
sui ts .

2.2.3 Where exact procedures have not been standardized, var ious
methods were tested with the final procedure being based on the valid-
ity of the results after analyzing the data.

• 

4-
-

• 2.2.4 Unless otherwise noted, all received signal levels (RSL) re-
corded were measured at the receiver mi xer input.

2.3 Limi tations. No unusual limitations were encountered in this
study. Limi ts on the data were established by accuracy, stability,
and resetability of the test equipment and all items were constantly

4 monitored for correct calibration .

6
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3. DETAILS OF TESTS.

3.1 Bit Error Rate vs Received Signal Level.

3.1.1 The purpose of this test was to gather data for plotting bit
error rate against various received signal levels. These curves yield
important Information for use in evaluating digita l equipment. Ef-
fects of thermal no ise, intersymbol interference, and bandwidth are

J 

readily apparent and easily analyzed. Overall receiver performance
• can be analyzed by comparing the data from this test and theoretical

pred ictions .

3.1.2 Procedure. Empl oying the equipment configuration in figure 4,
pseudo-random data was generated at the desired rate and transmitted
over the simulated RF link. Path attenuation was introduced wi th
attenuators in the waveguide transmission line. Measurements of er-

• rors in the received data were made at selected received signal levels
(RsL).

3.1.3 Results and Analysis.

3.1.3.1 All four receivers were tested in back-to-back configuration.
For clarity only one curve is depicted in figure 5. This receiver was
selected since it was employed in other reported tests which facili-) tates comparison of results. The other receivers performed in a re-
gion bounded on the left by this curve, and by a parallel curve dis-
placed by approximately 1.6 dB to the right. This range of perform-

• ance demonstrates compliance wi th the manufacturer ’s specification for
Digital Transmission System RDS-80G, TD&S 80-G2. Specifically, a lO~BER at an RSL of —75.4 dBm or less.

3.1.3.2 Comparison of the actual equipment to theoretical performance
is also illustrated in figure 5. This relationship is the signal-to-
noise ratio in a bit rate bandwidth . The figure derived is numerical-
ly equal to the energy per bit versus noise spectral density (Eb/No).
The relationship is derived as follows:

• 
Eb/N0 = RSL - (10 log kT + 10 log R + 10 log lO~ + NF)

Where : RSL = received signal level in dBm

Ic = 1.38 x iO 23 joules per kelv in

1 = 290 ke lv in

NF = noise figure in dB

R = bit rate in bits-per-second

1o3 = correction factor from dBW to dBm

8
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• 
‘ “ For example, selecting an RSL of -77 dBm and inserting the noise

figure for this receiver of 8.0 dB, the formula yields:

Eb/N0 = -77 - (-i74 + 73.2 + 8.0)

Eb/N 0 = 15.8 dB

Similarly, this procedure yielded the following results for all four

J 

. 
receIvers when calculated at io~ BER threshold

• Threshold Difference from Theoretical
Receiver NF(dB) (dBm ) Eb/NO (Eb/No = 11.4 dB @ 10- BER)

A-i 8.2 -76.4 16.2 4.8

A-2 8.0 -77.0 15.8 4.4

B-i 8.1 —75.6 17.1 5.7

B—2 8.2 -75.6 17.0 5.6

- ( 3.1.3.3 The Eb/N val ue calculated in this manner depends on the
j system bandwidth geing equal to the bit rate. Since the bandwidth of

this system is approximately two-thirds of the bit rate, Increased de-
gradation Is to be expected in the- performance of the same equipment

- when compared to a 1 b/s per Hz configuration.

3.1.3.4 The performance specified by the manufacturer In TD&S 80-G2
(previously cited) lists the 10-7 BER thresholds as -75.4 dBIn for
20.85 Mb/s and -78.3 dBm for 13.13 Mb/s. Referring to the formula In
3.1.3.2, the change In bit rates would constitute only a 2.0 dB change
in the threshold. The additional 0.9 dB degradation In specified
performance is attributable to distortion effects caused by filtering.
Some of these effects are outlined In the October 1974 issue of the
IEEE Transactions on Communications, Volume COM—22, No. 10, in

1 an articl e titled ‘The Effect of Tandem Band and Ampl itude Limiting
• -~~ on the Eb/No Performance of Minimum (Frequency) Shift Keying (M SK) , ”

4. 
by H. Robert Mathwich .

3.2 Link Characterization.
1-

3.2.1 The objective of this test was to verify the BER vs RSL per-
- formance measured in back-to-back tests, and ascerta in the effects of
4 the transmission path on the data.
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3.2.2 Procedure. ‘- —
3.2.2.1 WIth the RF link activated, receivers and transmitters were

-
- sel ected In discrete pairs with eight possible combinations among the
- two transmitters and two receivers at each site.- I  

I
3.2.2.2 Having selected the transmitter/receiver pair to be tested,

- attenuation was introduced in the waveguide transmission line to re-
duce the RSL to a desired value in the threshold region, and BER

- • measurements were made.

3.2.2.3 Received signal level data was obtained by constantly moni-
toring a strip-chart recorder which displ ayed IF signal level cal i-
brated to values of RSL. Recorded values were averaged for the dura-
tion of each measurement.

3.2.2.4 Equipment limi tations dictated that attenuation be controlled
• from the Communications Test Area (CTA), Fort Huachuca terminal only,

such that when receiver measurements were made at CIA , the received
signal strength was varied, and for transmission to the Site Sibyl ,
the transmit power was adjusted.

— ( 3.2.3 Results and Analysis.

3.2.3.1 This technique was discarded as a viable test procedure due
to the difficulty in adequately determining the mean RSL during tests
resulting in wide variability in results.

3.2.3.2 Equipment failures attributed to wide thermal variations in
the repeater van restricted the available equipment combinations for
this test. Of the two combinations tested in the direction of the
Site Sibyl repeater to the CIA at Fort Huachuca , both were discarded
when it was discovered that the excessive temperature variations ad-
versely affected the transmitter circuitry. Subsequently, ambient
temperatures were maintained nearly constant. One combination was
tested by transmitting in the opposite direction.

3.2.3.3 The results of the measurements employing the main trans-• y mitter at the CTA and the receiver no. 1 at Site Sibyl are displayed

4

~~~~ 

in figure 6. Wide scattering was observed with pronounced differences
existing among data taken on two successive days. At this point the
technique was abandoned and other procedures were explored (paragraph
3.3).

3.3 Link Bit Error Rate Availability .

3.3.1 The objective of this analysis was to determine the time avail-

-

• 

ability of a specified BER performance level .
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3.3.2 Procedure.

3.3.2.1 DefInition of Starting Parametçrs . The single link BER per-
formance level was chosen to be 4 x l0~~ and the confidence level was
set at 99 percent. For a 20.85 Mb/s transmission rate, the minimum
sampling Interval for 99 percent confidence level was 2.5 minutes
which was subsequently rounded up to 3 minutes . To determine a 0.99
time availability with a 99 percent confidence level , the min imum
number of 3 minute samples would be 458. However, for this test 976

— sampl es were taken to better show the error distribution.

3.3.2.2 The test setup consisted of a 32 mile microwave path with
- - 

all testing performed in one direction using the same transmi tter-
receiver pair. These constraints were used primarily to avoid diffe
ent waveguide losses , receiver noise figures and transmitter power
outputs from infl uencing the error distribution . For typical link
acceptance testing, tests in both directions of transmission for all
transmitter- receiver combinations should be performed. No deliberate
attenuation was placed in the receive wavegulde since It was desirable
to measure BER experiencing only Rayleigh fading. Data was recorded
throughout the day and night periods to observe any diurnal trends.

r The manufacturer’s BER test sets clocked by external synthesizers
were used at each end of the l ink to genera te and detect the data
test signal . Frequency counters were used to sumate errors during a
3 minute test sample and then zeroed for the next test sample measure-
ment. No special test adjustments were required except for setting
the counter sensitivity properly to avoid false counts. Error trigger
pulses also were applied to a strip-chart recorder to determine
whether errors were accompanied by signal fluctuations.

3.3.3 Results and Analysis.

3.3.3.1 The data was tabul ated, and used to graphically displ ay the
bit error rate versus unavailability curve, shown in figure 7. The
most significant result is that the QPSK radio operated essentially
error free for long periods of time with periodic short duration
error bursts. Reliability and performance availability rates are a

- 1 major concern in communication system design and thus the distribution
r j of the error probability is one key to defining link performance.

T Analyzing the data in terms of availability as opposed to the conven-
4- 

- tional average BER method allows the user to determine the total time
that a certain error probability has been exceeded and therefore the
effect of changing system parameters can be directly seen as a possi-
ble Improvement in the system operation time.

3.3.3.2 The following table shows that 930 of the 976 three minute
samples were error free and that error free operation was maintained
95.19 percent of the test time. The planned performance objective of
4 x 10~~ BER was maIntained 98.36 percent of the time. To demonstrate
an availabIlity of 99.995 percent at a confidence level of 99 percent
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would require a minimum of 208,883 three minute samples which is
10,444 hours of actual data recording time for a bit rate of 20.85
Mb/s. The impracticalities of trying to verify in the field very
low BER with high availability requirements for link acceptance
purposes even at high bit rates is readily apparent. However, measur-
ing availability in the range of 99 percent with a 95 percent confi-
dence level is easily accomplished and would be sufficient for link
acceptance and also operation after cutover.

J TABULATED LINK BER DATA

Number Number of Time
of Measured Occurrences >8.8 x i0~~ Ava il Unava i l

4 Errors BER at thi s BER BER of BER of BER

0 930 0.9519 0.0481

1 2.7xlO~~° 4 0.9560 0.0440

2 5.3xl0~~° 10 0.9662 0.0338

j 3 8.Ox10~~
0 7 0.9734 0.0266

4 l .lx lO 9 1 0.9744 0.0256

7 1.9x10~
9 2 0.9765 0.0235

8 2.1x10 9 2 0.9785 0.0215

9 2.4x10 9 1 0.9795 0.0205

10 2.7xl0~
9 2 0.9816 0.0184 - :

14 3.7xl 0~
9 1 0.9826 0.0174

15 4.0x10 9 1 0.9836 0.0164

17 4.5x10 9 
2 0.9857 0.0143

21 5.6x1O 9 1 0.9867 0.0133

43 1.lx10 8 1 x 0.9877 0.0123

45 l.2x10 8 1 x 0.9887 0.0113

47 1 .3x10 8 1 x 0.9898 0.0102

82 2.2x10~
8 1 x 0.9918 0.0082

83 2.2x10 8 1 x 0.9918 0.0082
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TABULATE D LINK BER DATA ( con tinued )

Num ber Num ber of T ime
of Measured Occurrences >8.8 x l0~~ Avail Unavail

Errors BER at th is BER BER of BER of BER

108 2.9x10~
8 1 x 0.9928 0.0072

pJ . 596 1.6xl 0 1 x 0.9939 0 .0061

1000 2.7x 1O~
7 1 x 0.9949 0.0051

1217 3.2x1 0 7 1 x 0.9959 0.0041

1305 3.5x10 7 1 x 0.9969 0.0031

2928 7.8xlO~
7 1 x 0.9980 0.0020

3369 9.0x10 7 1 x 0.9990 0.0010

Total Samples: 976

j  Total Test Time : 2928 mi nutes

Total Errors : 11 ,015

3.3.3.3 With any performance measurement there must be a per-
formance objective and there should be an allowable tolerance
boundary around the objective . This is very true for BER link
measureme n ts since the BER does not rema in a fixed value because
of the numerous dynami c impairments that co-exist in the system.
For the purpose of this test, with a 4 x ~~~ BER as the objective ,the 99 percent confidence upper bound was calculated to be 8.8 x
i0~~. Thus , for any BER measured that is better than 8.8 x lO~there is 99 percen t confidence that at l east an overall 4 x l0~is being delivered .

- 

- 3.3.3.4 The measured data shows there were 12 occasions when a

4 8.8 x i0~ was not maintained in a 3-minute test blo4. However ,
the worst test block still supported a BER of 9 x 10’. Ex per ience
from the CIA to Site Siby l link has shown repeatedly that error
burs ts are genera l ly 100 or less errors.

3.3.3.5 Figure 7 is a graph of BER plotted against percent of
time of unavailability . One problem of BER measurements is the
case where zero errors are recorded and thus div is ion of zero by
the number of bits transmitted to calculate BER is impossible.
Since zero error is less than one real error , the BER is conven-
tionall y sa id to be less than the BER calcu lated from one error . —

However , zero error for a given transmission ra te and sampl ing

17
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time does represent a real BER. From the data table a 2.7 x 10-10
BER is supported 95.60 percent of the time and an unknown BER is
supported 95.19 percent of the time. By extending the curve of
figurç 7, the 0.0481 unavailability axis indicates a BER of 1.9
x 10-10. Thus , if zero errors were recorded in a 3-mi nute period
at a rate of 20.85 Mb/s , the BER in that period would be 1.9 x
10-10. The spread between 1.9 x 10-10 (0 error) and 2.7 x 10-10
(1 error) may not in tu iti vel y be grea t enoug h , yet it must be re-
membered tha t the dif ference between no error and 1 bit i n error
out of 3.8 billion bits is very small.

3.3.3.6 Figure 7 shows an apparent discontinuity in the curve .
However, the problem lies in the fact there is a large increase
in the number of errors coun ted for a one step change in num ber
of events at the high end of the availability data. For example ,
in the table there was one event of a 596 error burs t and one
even t of a 1,000 error burst. This means that for 99.39 percent
of the time there were 596 or less errors in a 3-minute test
period , and for 99.49 percent of the time there were 1 ,000 or
less errors in a 3-minute test period . Yet between the 99.49
percent availability and 99.39 percent ~vai1ab ility , there were
also 999 or less errors , 998 or less , 997 or less , on down to
598 or less , 597 or less errors , etc. Had each of these error
coun ts occurred at least once , the plot would have been a smooth ,
continuous curve .

3.3.3.7 A point of interest is the comparison of the 1.9 x i~~10
~ BER supported for 95.19 percent of the time against the average

BER over the entire test time . A total of 11,015 errors was
recorded over a total tent time of 2,928 minutes , giving an
average BER of 3.0 x l0~~. Thus , a few lar ge error burs ts can
give a false indication of an otherw ise essen tia l ly error free
system.

3.4 Carrier-to-Interference (C/I) Rati o.

3.4.1 The purpose of this test was to gather data in a controlled
environment (back-to-back) for plotting bit error rate against

- q various received signal levels for five cases of added interference.

4

- These curves yield results necessary for the study of electromag-
netic compatibility (EMC), and i sola ti on between orthogonal p lanes
of polar i zation as well as isola tion amon g other systems i n close
geographic and spectral proximity.

3.4.2 Procedure . The test procedure included measuring uata for
C/I ratios of 12 dB , 15 dB , 18 dB, 21 dB, and 24 dB , as wel l as the
no-interference case. The equipment was connected as illustrated
in figure 8. Calibration was conducted by setti ng the “RSL Attenu-

- 
- ator” to zero and varying the “Interference Attenuator” to adjust

the C/I level . A zero interference level was combined with a

18
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steady transmitter signal and the power was measured at the re-
ceiver mi xer. Then the transmitter was disabled and the “Inter-
ference Attenua tor ” was adjusted for the appropri ate power reading
at the receiver for one C/I level. This completed the calibration
and the test was conducted by varying only the “RSL Attenuator.”
The C/I remained constant for each RSL measured . Recalibration
was performed at the beginning of each day ’s test and when the
waveguide was changed . The RS-842 number 2 transmitter and
RDM—413 1DM was used at the interfering signal source .

J 3.4.3 Results and Analysis. Figure 9 shows the results of the
carrier to interference test, display i ng the main transmitter of
rac k B, and the receiver number two of rack A. Six curves show
the effects of co-channe l interference in different ratios . As
expected , the degradati on due to interferences is manifest in BER
vs RSL curves which are displaced to the right from the no inter-
fering case. For each 3 dB increase in interference (3 dB reduc-

• tion in C/I), the curve moves to the right by i ncreasing amounts .
For the C/I ratios of 18 dB , 15 dB , and 12 dB , the curves notice-

• ably begin to diverge at higher received signal levels. At the
C/I of 12 dB , a wide divergence or plateau is apparent. That is ,
wi th increasing received signal levels , the BER approaches a mini-
mum limit. As figure 9 illustrate s, the bit error rate does not
improve more than 5 x l0~ even for high RSL ’s.

3.5 Spectrum Evaluation.

3.5.1 The purpose of this test was to obtain measured power
spectral density curves for use in evaluating fi l tering techniques .

k Rejection of out-of-band emissions to the level required by FCC
Docket 19311 were analyzed , and the 99 percent power bandwidths
calculated .

3.5.2 Procedure .

3.5.2.1 The equipment confi guration for plotti ng spectral power -:
distribution was basically the same as that employed for C/I testing
described in section 3.4.2 with the exception that a small amount
of power was taken from the directional coupl er in the waveguide

4 
- and displayed on a Hewlett—Packard 1411 spectrum analyzer with

the appropriate plug -in units . Figure 10 is a block diagram of
~ the system . A hard copy of the spectrum was obtained through the

use of an X-Y plotter driven by appropriate sources within the
analyzer display unit. -

3.5.2.2 In order to reference the displayed spectrum accurately
to the appropriate FCC Docket 1931 1 requirements , total radiated
power measurements of both modulated and unmodulated carriers also
were made employing a Boonton 42 AD power meter with a 4l-4B power

j sensor .

I
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3.5.3 Resul ts and Analysis.

3.5.3.1 Close correlation was observed among all transmitted
spectra. The median curve is illustrated in figure 11. The major

— differences were In the energy densities of the sidebands which
amounted to approximately 2 dB at their peaks . Integration of the
spectrums reveal ed negligible effects due to power density varia-

4,I tions.

3.5.3.2 Manual integration of the spectrum was performed in 0.5
MHz increments. Resulti ng values were then equated to the +27.2
dBm measured power output, allowing appl ication of the FCC Docket
19311 emission criteria as well as calculation of the 99 percent
power bandwidth .

— 

• 3.5.3.3 The 99 percent power bandwidth was determined to be 13.2
MHz. According to older standards , this indicates that the system
is suitable for operation in a 14 MHz RF channel . The FCC Docket
19311 limi tations superimposed on the spectrum in figure 11 demon-
strate that the transmitter does not comply with the newer criteria
fa il ing by a small marg in. Sl ightly increased attenuation of the
RF filter skirts of about 2 dB at f ± 7 MHz and 6-7 dB at f ± 12

) 
MHz should result in  compliance witg the Docket 19311 limita€ions .

3.6 Data Rate Variations.

3.6.1 The purpose of this test was to establish variations in
system performance as a function of the baseband bit rate . The
data rates we re varied above and below the 1.544 Mb/s nominal rate
until the system ceased operation. The data derived from this
test may be used to determine the required stability within the
multiplex hierarchy .

3.6.2 Method . The test equipment used to measure effects of data
rate variation is illustrated in figure 12. An external synthes izer
clocks the data test set which dri ves the R0M413 multiplexer . The

j signal is multiplexed , l ooped back , demultiplexed , and then measured
- 

- 
4 by the data test set. Errors were mon itored on the electron ic

— 

4 
: - 

counter . The point of last synchronization determined the maxi-
mum deviation in data rate.

3.6.3 Resul ts and Anal ys is. The manufac turer ’s stated require-
ments were no degradation for a nominal 1.544 Mb/s with all channels
loaded and a tolerance of +200 b/s and a -309 b/s . This range is
from 1 .543691 Mb/s to 1 .544200 Mb/s. While the actual test was
conducted on every main and standby multiplexe r and demultiplexer
channel , only one channel was loaded at one time. This technique
is different from that specified by the manufacturer. The data
reveals that the manufacturer ’s tolerances were met for no degra-
dation in performances. The actual variation from the normal rate
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4
was +250 b/s and -350 b/s which corresponds to a range of 1.543650
Mb/s to 1.544250 Mb/s . At these points , the channel totally de-
graded. Observations of jitter showed no measurable change with
the variation of Ti rate .

3.7 Frequency Accuracy and Stability.

3.7.1 The purpose of this test was to measure carrier frequency
accuracy and stability . The results were Instrumental in deter-
mining degree of compliance to requ i rements, and to manufacturer’s
specifications. Frequency stability is one of the factors which
determine the receiver performance by establishing the tracking
range required by the carrier recovery circuitry .

3.7.2 Frequency was measured at the transmi tter mon itor point
located at the RF branch ing networ k . The HP5245L Electron ic
Counter with 5255A RF plug-in displ ayed the results . For short
term stability, measurements were taken each second for 10 seconds .
Then , after 90 hours, 10 more measurements were made at one second
intervals. The maximum difference between any value in the first
set of 10 measurements and any in the second set of 10 measurements
was recorded as the long term stability or accuracy.

3.7.3 Results and Analysis. The rack A transmitter was tuned
to 8.16 ~1z and the B transmitter carrier frequency was 7.35 GHz.Therefore , to meet the manu facturer ’s specifications of 0.0005
percent/sec short term stability and 0.002 percent long term
stability , the A transmitter should operate ±40.8 kHz short term,
and ±163.2 kHz long term. In the case of transmitter B, tolerances
of ±36.8 kHz and 147.3 kHz respectively, should be met. In the
tes t , the transmitters easily met thes e criteri a and for the worst
case of main or standby , the A transmitter had a variation of 9.37
kHz or 0.0001 percent short term and 15.15 kHz or 0.0002 percent
long term stability . Simi l arly, transmitter B showed a maximum
variation of 9.15 kHz or 0.0001 percent short term and 15.92 kHz
or 0.0002 percent long term stability. The transmitters proved
to be quite stable.

3.8 Ti Bit Error Rate Versus Received Signal Level.

j  3.8.1 The purpose of this test was to determine if the BER vs
RSL characteristics at the 11 rate coincide with the wideband

• BER vs RSL characteristic as reported in section 3.1.

3.8.2 Procedure. The test configuration is illustrated in f igure• 13.. The RDM413 multiplexer is dri ven by the data test set at 1.544
Mb/s . The si gnal Is accepted by the RS842 , transmitted to the re-
ceiver which interfaces with the demult ip l exer . The data test set
evaluates the signal and the electronic counter displays errors .

• 
• Simulated path attenuation was employed by using a combination

of fixed and variable waveguide attenuators.
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3.8.3 Results and Analysis.

3.8.3.1 Equipment limitations did not permit applying independent
random data streams on all of the 13 Ti channels in the multiplex .
Therefore , BER vs RSL curves for the 13 Ti channels tested sepa-
rately exhibited varying performance with channel number 6 per-
formi ng the best and channel num ber 3 perform ing the worst in al l

• combinations tested.

3.8.3.2 Figure 14 illustrates the range of performance measured .
The combination of the B standby transmitter and A-2 receiver was
selected to enable comparison of the 20.85 Mb/s BER vs RSL curve
in figure 14. Furthermore, the greatest deviation in other trans-
mitter-receiver combinations was less than 1 dB.

3.8.3.3 Superimpos ing the 20.85 Mb/s BER vs RSL curve from figure
r . ) 6 on figure 14 shows that the 11 performance is scattered equally

about the 20.85 Mb/s performance curve. This wide scattering is
thought to be a result of the RDM413 containing no provisions
for “randomizing ” the data output when there is no input infor-
mation . Increased loading of the multiplexe r inputs is predicted

) to narrow the data dispersion and nearly dupl icate the 20.85 Mb/s
performance.

3.9 Pulse Jitter.

3.9.1 Pulse jitter is the difference between the actual zero
crossing and the expected zero crossing of bits in a bi t  stream.
The test was to measure peak-to-peak time variations and compare
them to manufac turer ’s expectations .

3.9.2 Procedure.

3.9.2.1 As illustrated in figure 15 , the jitter at the Ti output
rate (1.544 Mb/s) was measured by the oscilloscope , triggered by

• the Ti input to the multi plexer. This measured the difference
between inpu t and output signals.

4 

3.9.2.2 Figure 16 depicts the pulse jitter test for the super-
group signal rate (20.85 Mb/s). The oscilloscope measured the

~~~ transmi t output of the multiplexe r, triggered by the multiplexer
• timing . Jitter at the 20.85 Mb/s rate was observed .

3.9.2.3 The multi plexer output jitter was mea sured as dep icted• in figure 17. The fifty-sixth pulse was observed on the oscillo-

h 

scope, internally triggered . This exhibited the worst case jitter
-

• of the multiplexer output alone .
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Figure 17. Pul se Jitter Test Configuration C (output)
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3.9.3 Results and Analysis.

3.9.3.1 The jitter measured on the oscilloscope shows the time
• variations of the pulse with respect to the pulse input to the

• mul tiplexer . The jitter was constant f~r all RSL ’s from satura-
tion to that level , producing 2.6 x 10- BER, and measured to be
300 nanoseconds. •

3.9.3.2 At the 20 .85 Mb/s data rate (TOM output port) and the
4~hole RSL range , there was no observable jitter .

3.9.3.3 The jitter nieaswred in this configuration is that pulse
variation which the interfacing equipment will actually “see.”
For al l combi na tions of transm itters, receivers , and the whole
range of RSL ’s, the jitter was measured to be 75 nanoseconds. Pulse Ijitter increased from the first pulse to the fifty-sixth bit with
no further increase. This variation exceeds the manufacturer’s
specification by 7 percent.

3.10 Mean Time to Acquire Frame.

3.10.1 The purpose of this subtest was to record the mininnan
and maximum time required for the mul tiplexer to acquire frame
(synchronize) and then to compute the mean time from this data) to compare with the manufacturer ’s objective .

3.10.2 Method . Figure 18 shows the test configuration to gather
this data . The switch Is an 5N7400 flip-flop wired to pin 1 of
Ui9 of the receiver conunon card in the multiplexer. The output
triggered the oscilloscope and the time delay information was
read directly from the oscilloscope.

3.10.3 The manufacturer required a maximum 5 milliseconds for
the multi plexer to acquire frame at normal operating RSL’s. The
main multiplexer exhibited framing times of 200 microseconds to
a maximum of 620 microseconds for 25 trials. Similarly, the
standby muitiplexer times ranged from 180 mi croseconds to 650
mi croseconds . The equipment performed well within the l imits

• 
•
~~ specifi ed by the manufac turer . The calculate d mean times to4 • - acqu ire frame were 411 mi croseconds for the ma in and 378 micro-

seconds for the standby multiplexer.

3.11 Switching Error.

3.li.i The purpose of this section was to measure errors gener-
t ated when transmitters, receivers, and multiplexers were switched .

In the testing of receivers with a “hit-less ” (error-less) switch ,
verification of error free switching was the objective . In the

requ irements were compared to collected data.
• ~~~ testing of multiplexers and transmitters, the manufacturer ’s

- s
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3.li.2 Method.

3.11.2.1 The RDS-80G was connected in standard back-to-back con-
figuration and the transmi tters were manuali y switched. Five
transfers were performed from main to standby transmitters and• five transfers were made from standby to main transmitters.

3.11.2.2 In a similar equipment connection , the transmitters
• were faulted five times. Faults were simulated by ‘interrupting

the 70 MHz IF drive , inducing switching errors, whi ch were recorded.

3.11 .2.3 In a simi i ar equipment connection , the Ti line was in-
serted into channel one of the main multiplexer. The main trans-
mitters were manua l ly switched 10 times to standby and an equal
number of transfers were performed in the reverse sequence.

3.11.2.4 In the first of the three subtests on receiver switching ,
manual and remote switching were studied . The procedure was to vary
the receiver input level and ~‘t the moment of switching record the
errors. The unit was set in the maintenance mode.

3.11.2.5 For the second receiver subtest , the received ievels were
set close enough to establish automatic switching at a rate slightly

p greater than one per second . The frequency counter measured the
errors generated.

3.11.2.6 A delay line was introduced between receiver one and
receiver two by installing sections of RG-59 cable. The delay
was increased by 19 nanoseconds and the units set to manual/remote
mode . Again , errors were recorded at switch time.

3.11.2.7 Automatic and manual switching of the muitipl exer was
tested. Errors were measured by feeding a Ti signal to the RDM413
from the data test set and detecting the errored data on the Ti
stream recovered from the RDM413. Manual switch ing was performed
by depressing the appropriate switch , and automatic switching was
enacted by failing the supergroup at the front panei test jacks.

4 Errors were counted for both modes .

4 
3.11.3 Resul ts and Analysis.

3.11.3.1 When transmitters were switched manually from main to
• • standby , transmitter B exhibited an average of 25 errors for five
V transfers. Similarly, at the 20.85 Mb/s rate, transmitter B stand-

by averaged two errors when switched to the main mode. The manu-
facturer’s speci ficati on for this type of switching was not stated.
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3.11.3.2 When the IF was faulted five times , no errors were recorded
when the transmitters switched automatically. The manufacturer ’s

• specification is given as a switch time of 20 nanoseconds. At 20.85
Mb/s, each bit space is 48 nanoseconds and no errors should be seen.
The manufacturer ’s goal was attained in this test.

3.11.3.3 In the third subtest where the main mul tip lexe r drove the
transmitter B , an average of 158 errors was recorded when the main
transmi tter was switched to standby. Similarly, an average of 81
errors was observed when the standby transmi tter was swi tched to

• • main. The errors observed in this section should correlate closely• with those reported in section 3.11.3.1, but there were signifi-
cantly more errors in this subtest. The reason for this discrepancy
is being studied.

3.11.3.4 For the case of manual/remote switch ing at 20.85 Mb/s rate
in receiver rack A , no errors were observed. Error-free switching
was the stated manufacturer ’s specification .

3.11.3.5 For automatic switching , the manufacturer ’s design was to
cause no errors. The data confirmed the error-free operation .

F 3.11.3.6 In the case of the manual/remote switching wi th a 19 nano-
/ second differential delay , aga in no errors were measured as spec ified
) by the manufacturer . Nineteen nanoseconds at the supergroup rate cor-

responds to approx ima tel y 0.4 bit space.

3.11.3.7 Manual switching performance of the multiplexer is not
• specified by the manufacturer. The stated objectives of the auto-

matic mode was a switching time of less than 150 milliseconds or
147,000 bit spaces. The average number of errors measured in the
manual mode at the transmitter when switched from main to standby
multiplexer was 4,690 and 5,596 when switched from standby to main
at the receiver . The main to standby transfer yielded 5 ,476 errors

• and 8,365 errors for the standby to main switch . Averages for the
automatic switching at the transmi tter multipl exer were 6 ,637 errors

• for main to standby and 9,017 errors for standby to main switching .
• I At the receiver , 11 ,700 errors were measured when the multiplexer

4 was switched from main to standby and 8,765 errors for the standby
to main transfer. The worst case switching generated 14,000 errors
which is one order of magnitude better than the stated objective.

3.12 Interface Between Multi piexers.

- 
g 3.12.1 The objective of this test was to determine whether the ROll-

413 time division multiplexer (1DM) would interface and operate with
the CY-l04 and TD-968A D2 multiplexers.

3.12.2 Procedure . The Tl input and output lines of the RDM4 13• were connected in normal loop fashion to the respective terminals
of the CY-l04 and TD-968.
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3.12.2 Results and Analysis.

3.12.2. 1 The D-2 multiplexer would not acquire a stable frame lock
when the interconnection was completed. Further investigation re-

• vealed that frame would be acquired for a short period and then would
be lost for approximately 10 milliseconds. This chronic loss of frame
lock rendered the equipment unsuitable for reliable operation.

3.12.3.2 The unstable synchronization was found to be the result of
the Ti regeneration technique in the RCM413. In lieu of pulse rate

• averaging circuitry , two oscillators were used on a time-sharing basis
such that the long term average data rate was identical to the rate

• transmitted from the distant terminal . In the original configuration ,
the two clocks generated 24.707712 MHz and 24.797824 MHz. These sig-

- nals were then divided by 16 to cloc k the Ti outputs between 1.544232
w and 1.543614 MHz. These rates correspond to Ti +150 and —250 parts

per million (ppm) . Specified tolerances of Ti +100 and -200 ppm
would thereby ensure operation within the limits of the equipment.

3.12.3.3 The first attempt to interface the equipment was to readjust
the clock circuitry of the 10-968 to a higher rate in an effort to
force the RDM413 to clock output data consistently from the higher

• frequency clock . A slight improvement was realized , but lock was
p not retained for long enough periods to permit testing.

3.12.3.4 The internal clocks in the R0M413 were replaced with ex-
ternai frequency synthesizers and the frequency difference reduced

1 to the point where enough stabi l ity in frame lock was obtained to
I perform tests. The follow ing chart i l lus trates the results :

Clock Ti rate Ti
frequencies frequencies tolerance

24.704956 MHz 1 .54405975 MHz
CY-l04 ±39.6 ppm

24.703000 MHz 1 .5439375 MHz

r • 24.707000 I41z 1 .5441875 MHz
TD-968 ±67.8 ppm

4 
• 

24.704348 MHz ‘I .54402175 MHz

NOTE : The TD-968 was adj usted to operate higher than the nominal Ti
rate of 1 .544 Mb/s . The Tl tolerance column is based on an equal fre-
quency variation about the center frequency.

3.12.3.5 The normal RDM413 clock spacing appears to perform satisfac-4 torlly wi th D—l and D-3 type primary multi plexers which have a line
rate tolerance of ±100 ppm but as shown above , had to be considerably
reduced to interface with a 0—2 type multiplexer having a line rate
tolerance of ±50 ppm. Further diffe rences in the method of timing
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recovery between the D-l/D-3 and 0-2 approaches still do not permit
total iy satisfactory interfaces due to the difficulty of D-2 type
i*iitiplexers in maintaining lock in the presence of nearly instan-
taneous data rate transitions .

3.12.3.6 Although the technique of clock averaging poses a problem
aspect as rel ated here , the technique does possess potential merit
on a system bas is. The manu facture r ’s claim is that the technique
of switching between two clocks introduces a certain amount of “jit-

~
J 

ter ” into the system which will not increase over tandem RF links .
This may be worthy of further investigation over a rnultillnk system
to evaluate the technique . Jitter of this type is known as “siewing
jitter ” and was not included in the tests reported in section 3.9.

3.13 Cross-Polarization Test.

3.l~ .i The objective of this test was to gather RSL data to evaluate
cross—polarization characteristics on a l imited basis. The technique
of cross-polarization doubles the comunication traffic without in-
creasing fcequency spectrum occupation . However, antenna design and
orientation , m u 1t i ~•~ t .~ interference , co—cha nnel transmissions , and
atJnospherL variations reduces cross-polarization isolation and effi-
ciency. This section presents isolation data on an operating link
(see f igures 29, 30, and 31) and an analysis predicting general per—
formance characteristics of cross-polarization .

3.13.2 Procedure .

3.13.2.1 The link transmi tted data from Site Sibyl on its vertically
polarized antenna to the CIA compound . The transmitter at Sibyl for
the horizontally polarized antenna was disabled . At the CIA , the
received signal level was recorded on a strip chart for both the
vertical and horizontal feed horns. The vertically polarized received
si gnal was then compared to the horizontally polarized received sig-
nal . Th is difference was the measure of cross-polarization isolation .

3.13.2.2 Received signal level data was also recorded from a verti-
r - 

caily polarized 11 GHz radio on the same test link. This data was
used to compare fad i ng of an 11 GHz radio with an 8 GHz radio.

4 3.13.3 Results and Analysis.

3.13.3.1 This test was conducted over a continuous period of 65 hours
and 6 minutes from 1415 on Friday , 6 December 1974 to 072 1 Monday , 9
December 1974. During this period there was no precipitation . The

¶ temperature ranged from lows of 30 to 34 degrees Fahrenheit to highs
of 52 to 62 degrees Fahrenheit over the test period . The maximum
wind velocity ranged from 8 to 14 knots occurring approximately at
mid—day. Sunset was at 1717 and sunrise at 0708.
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3.13.3.2 The results ~re presented in figures 19 through 28 showing
portions of the strip chart recordings typical of the l ong time inter-
val .

3.13.3.3 There were 48 errors recorded for the RDS-80G (8 GHz radio)
and 9 for the RDS-80 (11 GHz radio) . The errors occurred in two
bursts , one at 1502 on 8 December 1974 and the other at 0357 on 9
December 1974. The errors were measured at the Ti bit rate (1.544
Mb/s) . The received signal level for both vertical and horizonta l
X-pol received signal l evel indicated no extreme changes which might

J 
have caused the errors .

3.13.3.4 The recei ved signal level for the RDS-80G ranged from -34
dBm to -58 dBm . The received signal level was -38 dBm or higher for
abou t 80 percent of time . The lowest level , -58 dBrn , occurred as
sharp peaks lasting only for short periods , in the order of minutes .

• In general , the received signal level did not go bel ow —46 dBm for
• period s longer than 5 minutes . The X-pol isolation ranged from a

low of 22 dB to greater than 35 dB. The X-pol isolation was 30 dB
or greater for more than 90 percent of the test period . The low of

• 22 dB existed only for less than 10 minutes (see figure 25). The
low range of 22 dB to 25 dB lasted less than one hour. The lows
occurred during the early morning of 8 December , 0200 to 0500. Dur-
ing this period , no errors were recorded .

3. 13.3.5 Analysis of the stri p chart recordings of received signal
level of the RDS-80G compared to the X-pol received signal level m di—

4 cates a correlation of variations in levels 90 percent of the time .
That is , a decrease or increase in one is reflected in the other .
There are period s of time (see figure 25 at 0506) where there is no
correlation . An increase in one shows a decrease in the other . The - -

- magnitude of increases or decreases in the received signal levels
and X-pol are not equal .

3.13.3.6 There appears to be no correlation between time of day and
the recording variations. The recordings display the random nature
of the signals during the same time period on each day , including
sunsets and sunrises .

4
3.13.3.7 There appears to be some correlation between signal varia-
tions at 8 GFIz and 11 GHz as most data indicate s, however , as shown

I figures 21 , 22, 24, and 25, when there was an increase or decrease
in the 8 GHz level there was an oppos ite variation in the 11 GHz

~~ received signal level. Figure 19 shows that at 8 GHz there is approx —
• imately a 4 dB decrease in signal level while at 11 GHz the signal

I’ level changed only 1 dB . Figure 21 shows the opposite at 8 GHz the
received si gnal is -39 dBm ±2 dB while at 11 GHz it was -36 dBm ±3
dB. At 0550 on 7 December 1974, the 8 GHz l evel was fairly constant
but the 11 GHz radio showed a peak.
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3.13.3.8 The analysis ind icates that the requ ired X-poi isolation is
attainable on this test link under ideal weather conditions . It shows
that there is a random nature in the receive signals which are not
correlated to time of day or frequencies tested.
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APPENDIX C

FCC Docket Number 19311 was • formally released on 27 September 1974
to be effective 1 November 1974. Pertinent points of this docket
with respect to this report are the determination of necessary band-• width and the emission limi tations restriction . The determination
of the necessary bandwidth of digital modulation using PSK (F9Y)  is
given by the formula B~ = 2RK

T6
~2

(S)

J Where : Bn = necessary bandwidth in MHz

R = bit rate in bits-per—s econd

K = 1

S = number of signaling states

Substituting the values for 12.6 Mb/s data into a QPSK transmitter
yields :

B = 2J12.6 x 106) ( 1)
log2(4)

)  Bn 25.2 x 106 12.6 MHz
2

This means that for a system employi ng QPSK modulation , the necessary
bandwidth in hertz is numerically equal to the bit rate in bits-per-
second . -

For systems operating below 15 GHz, the radiated emissions must be
contained within a Slmasku comprised of several segments . Measure-
ments to apply these segments are required to be made in 4 kHz band
increments . The attenuation required below the mean power Ou tput
is given by the formula:

• 
A = 35 + 0.8 (P-50) + 10 log10(B)

4 
Where : A = attenuation (in decibels) below the mean

ou tput power l evel
• P = percen t removed from the carr ier fre quency

B = authorized bandwidth in MHz

This must be tempered by two additi onal limi tations . First , the
attenuation greater than 50 percent removed must be a minimum of
50 dB , and secondly, attenuation greater than 80 dB is not required .
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CC—OP S—SM

S T ~J~C-T : Digital Transmission Evaluation Project (DTEP), RDS-80 Final Test Report

SFF DISTRIBUTION

• 1. Inclosed for your information is the BDS-800 Final Test Report CCC-CE1J-DJEP-OO~4,
prepared for this command by the U, S. Army Communications-Electronics Engineerin~

’5

Installation Agency (USACEEIA).

2. This report presents results of both back-to-back and link tests of the RDS-8o~.Link tests were performed on a link of approximately 32 miles (51 kilometers).
• I

3. These tests were part of investigations of digital wideband aspects conducted at)  Ft Huachuca, AZ. Under the DTEP , commercially developed items, concepts, and techni-
ques which have potential for digital DCS and non-DCS communications requirements are
evaluated. The information obtained is applied to development of realistic digital

• . criteria, standard digital test methods, and guidelines for effective modernization
of communications systems.

~~. Additional DTEP reports will be provided as they become available.
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