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SECTION I
STUDY SURVEY AND KEY RESULTS

This report contains the results of the Phase Distortion Study performed
for the U. S. Army Satellite Communications Agency by the Magnavox Government
and Industrial Electronics Company. The original objective of this 9 month study was
the evaluation of the combined phase distortion effects for digital data transmission
over the Defense Satellite Communication System (DSCS). Phase distortion problems
appear to have been minimal in the DSCS in the past, but with the increased use of
quadriphasg modulation for high rate data transmission, the management of solutions

to phase distortion is expected to require increasing attention,

The phase linearity requirements of the various elements of the DSCS
earth/satellite system have been specified individually at values believed to contribute
negligible distortion to the planned signal types, However, the overall degradation
of phase distortion effects on the system performance has not previously been quantified,

and the overall effects of cumulative distortion were not precisely known,

In addition, although some means are currently provided for the improve-
ment of channel phase linearity in earth terminals by simple switchable phase equalizer
structures, on~line adaptive equalization is likely to be a future requirement, The.
best method for adjusting such equalizers and the types of links for which adaptive
equalization is necessary has not been established. Therefore, this study had the
basis of establishing the ground rules for approaches to solutions for these problems
which arise in the current FDMA system operation and also in future high burst
rate TDMA operation,

The approach followed in this study is to evaluate performance by means
of a time domain computer simulation which represents the overall. BPSK/QPSK
digital communication system. Computer program SIMA was developed for this
purpose, and includes simulations of system elements such as filters, phase distortion
characteristics, saturating elements, modems, error correction, and adaptive
equalizers, Using these simulations, the DSCS system phase characteristics are
studied and the degradation resulting from the various components of phase distortion
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evaluated parametrically, Various forms of adaptive cqualizers are investigated for
use in the earth terminals, and a preliminary dcsign approach for an adjustable IF
equalizer is developed in some detail, A number of error control strategies suitable
for on-line operation are studied for equalizer weight adjustment and their opeiation
evaluated by simulation, Based on the results obtained, a systematic proeedure for

specifying tolerances on eomponents of the overall phase distortion is developed.

Although emphasis was originally placed on adaptive equalization of
excessive phase distortion in the channel, it was found that benefits can be derived
from equalization of a narrow ehannel bandwidth so as to improve the bandwidth
utilization of the channel (i.,e., inerease the data rate in the available bandwidth).
Bandwidth requirements for both FDMA and TDMA operation are evaluated for a
variety of linear and saturating bandlimited channels, For FDMA operation, the
Ground Mobile Forces scenario was simulated to determine the feasibility of spacing
adjaeent accessing signals by frequency.separations approaching the data rate, For
TDMA operation, sinee both thc ground terminals and the satellite will probably
operate in the limiting mode to maximize link power and to prevent the need for
power econtrol of the accesscs, the effeets of multiple hard limiters and narrowband
filtering of QPSK and SQPSK is cvaluated,

Also, rate-1/2 error eorrcction eonvolutional coding/Viterbi decoding
for reduetion of the degradation to FDMA and TDMA due to phase distortion and
amplitude saturation is studied,

The shifting of study emphasis towards improved bandwidth utilization led
to a preliminary ihvestigation of the duobinary signaling technique, The results are
very promising, Using an adaptive equalizer to ereate the channel response necessary
for duobinary operation, it is found that the QPSK data rate can be inereascd to
3 bps/Hz, without significant degradation in required Eb/No when a relatively simple
maximum likelihood demodulator is employed, Utilization of rate-1/2 convolutional
eoding over thc duobinary ehanncl is also studied, along with the structure of the
applicable Viterbi dceodcr,

This Final Report is divided into tcn major sections, each pertaining to
a specific topic addressed in the study, In addition, there are five appendices, which
contain supplementary information and supporting analyses developed during the
investigation plus a description of thec SIMA software,
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The following results, based on this study, are of major importance to the

DSCS system, Additional conclusions, recommendations, and areas requiring further

investigation are given in Section 10,

The phase distortion characteristics of the DSCS terminals ard
satellites will not significantly degrade performance of the 10
Mbps QPSK/BPSK modems,

Error correction coding (which reduces the data rate for a fixed
symbol rate) reduces degradation for channels with phase distortion,
saturation, or adjacent channel interference unless the distortion is

so severe that the hard decision error rate is extremely high.

The decision~directed adaptation of an IF equalizer can be
controlled from bit decision samples out of the modem, Even
simpler.', it is found that good equalization is achieved with control
to minimize the alpha-flunk output of the QPSK/BPSK modem.
Sequential dither control of the equalizer tap weights is a feasible
adjustment strategy. With error corrected data, control based
on the decoder output has been found unnecessary (and would be
incompatible with the use of alpha flunk),

Adaptive equalization of phase distortion in the nonsaturating

channel eliminates almost all degradation produced by the distortion,

For FDMA operation, sharp cutoff filters are required in both the
transmitter and receiver to permit close spacings of the adjacent
signals, so as to achieve the maximum bandwidth utilization, The
use of linear phase filters with proper amplitude shaping and a
bandpass equal to the bit rate for BPSK (or half the total bit rate
for QPSK) improves system performance when an integrate-and-
dump detector is used, This permits QPSK operation (uncoded) at
2 bps/Hz with minor degradation and, in the linear channel, allows
FDMA signal spacing by as little as 0, 55 times the total data rate
{for uncoded QPSK). With either the Phase II or the Phase IiI
satellite TWT, use of amplitude~shaped filters permit signal

separations as close as 0,6 times the total data rate (for uncoded
QPSK).
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For FDMA operation at lower error rates with uncoded data", an
optimum TWT output backoff exists at which the total system loss
(defined as the output backoff from saturation in dB plus th&

Eb/ N, degradation) is minimized, For FDMA operation at higher
error rates, or with rate-1/2 error correction, the TWT should

be operated at saturation,

Error correction coding of the FDMA signals and use of amplitude-
shaped filters reduces degradation in the saturating channel and
permits signal spacings of 1,1 times the data rate, (Rate-1/2
coding and QPSK is assumed,) Degradation is also reduced by
error correction coding when the earth terminal transmitters hard

limit, and feasible signal separation is 1,3 times the data rate,

Duobinary signaling can increase the bandwidth utilization by £0
percent (to 3 bps/Hz) with no penalty in Eb/No over QPSK with
conventional demodulation, assuming use of the Viterbi algorithm
for maximum-likelihood demodulation of the duobinary and an
equalizer in the receiver to produce the necessary duobinary
channel response, Duobinary signaling is compatible with a
saturating channel, with a small degradation penalty in Eb/ No‘
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SECTION II
BANDWIDTH AND PHASE DISTORTION CHARACTERISTICS
OF DSCS TERMINALS AND SATELLITES

The following paragraphs examine the bandwidth and phase distortion
charaecteristies of the various DSCS terminals and of the DSCS Phase II satellite and
prospeetive Phase III satellite, as available in existing doeumentation (either by

speeifieation or from aetual measurements),

Amplitude distortion is not diseussed here beeause the ripple introduced
by the system elements is typieally small in the passband and does not eontribute
significantly to degradation, To see why the effeet of amplitude ripple is small,
the concept of paired echoes is eonvenient. Thus, let the amplitude response as a

funetion of frequeney have a small cosine ripple, so that the ehannel transfer funetion
in the frequeney domain is

Y (jw) l1+a eos(uTe)

=1+§e + - e (1)

By Fourier transform theory, this distortion produees a pair of symmetrieal echoes
of amplitude a/2, respeetively, leading and lagging by Te' Combining the echoes
from the various bits, intersymbol interferenee of maximum amplitude a is produeed,
From (1), note that a = 0,1, giving only a modest amount of intersymbol interferenece,
eorresponds to a relatively severe gain ripple of +, 85 dB,

The concept of paired echoes applies to sine ripple-type phase distortion.
also. Let the channel transfer function be

Y (jw) 14 ja sin(uTe)

-ije

a jwTl
1+3 ej e= s e 2)

ol
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Now, the channel has only a slight amplitude ripplc, but has an approximately* sinu-
soidal phase ripple of itan-l(a). The ripple produces an antisymmetric pair of echoes,
which can combine to give intersymbol interfercnce of maximum amplitude a, Note
that a = 0,1 yields a phase ripple of +5, 7° (or +0,1 radian), and this causes as much
performance degradation to BPSK or QPSK as a gain ripple of +, 85 dB,

2,1 AN/MSC-46 TERMINAL

Phase distortion data is available only for the high power klystron trans-
mitter of the AN/MSC~46, The low power TWT transmitter is of much wider bandwidth
and presumably contributes negligible phase distortion over the bandwidth of interest,

The receiver is also very wideband and presumably contributes negligible phase
distortion,

Two examples of phase distortion in the high power amplifier (HPA) are
given in Figures 2-1 and 2-2, They are obtained by numerically integrating a measured
group delay characteristic** according to the definition of group delay

T = do/dw (3)

where o is in radians, o is in rad/sec, and T is in seconds,

Figure 2~1 displays predominately parabolic phase distortion centered at
approximately 7,93 GHz. The distortion is 45% at a frequency offset of +60 MHz or
-45 MHz from 7,93 GHz, Superimposed is a phase distortion ripple of a few degrees,

Figure 2-2 shows much less parabolic distortion, but again the ripple is only a few
degrees,

*Jinusoidal phase ripple without amplitude distortion produces multiple paired
echoes, but (2) gives the dominant first-order echoes when a is small,

**Note, the phase distortion curves available for the MSC=46 have an ordinate scale
not in degrees, but rather in nanoseconds multiplied by frequency in units of 1, 256
MHz. The ordinate scale must be multiplied by the factor 1,25 x 10~3 x 2w x 57.3 =
0.45 to convert to degrees, This has been done to obtain Figures 2-1 and 2-2,

2=2




776-3830

UNCLASSIFIED
Figure 2-1., Integrated Group Delay Curve ~ Band 1 of AN/MSC-46 Transmitter
15
o8 / A
w
w .
5 ¥
w
8 A
4
g /
[
- <
(e}
G o
o
]
<
3
-5 \
-1 1
80875 8.1 81125 81260 8.137% 315 1626 8175 8.1876 8.2 82126
) TRANSMIT FREQUENCY GHz
776-3831

PHASE DISTORTION - DEGREES

25

NP4

7.887579 7.9125 7925 79375 795 7.9625 7975 7.9875 80 80125

TRANSMIT FREQUENCY GHz

UNCLASSIFIED

Figure 2=2, Integrated Group Delay Curve -~ Band 4 of AN/MSC-46 Transmitter

—

i . ——

2-3

I —




2.2 COMTECH CONVERTER

The Comtech Converter, Frequency CV-3084A/MSC-46 is used to up-
convert any signal in the IF band of 70 MHz +20 MHz into the frequency range
7.9 GHz to 8.4 GHz, for amplification and transmission, To change the RF, only
the frequency of the L.O. supplied to the second up-conversion mixer need be
changed. The up-converter is equalized for the quadratic and cubic components of
phase distortion, * Figure 2-3 plots the phase distortion, obtained by numerically

integrating the measured delay distortion (with delay equalization), The unequalized
ripple is roughly +1, 5°,

Provision is made to insert a mop-up equalizer following the input to the
up=-converter,
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Figure 2=3, Measured Phase Distortion of COMTECH Up Converter
(Converter, Frequency CV-3084A/MSC-46)

*In terms of group delay, this means equalization of linear and quadratic delay
distortion,
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The Comtech Converter, Frequency CV=3085A/MSC=46 is capable of
converting a signal in the frequency band 7,25 GHz to 7,75 GHz to IF's of 700 MHz
and 70 MHz. The bandwidth is +20 MHz at either IF output port, The RF can be
changed by the Recelve Frequency Selector; which tunes the frequency synthesizer to
the correct frequency,

The down converter is equalized in the 70 MHz portion, The equalizer
compensates for the parabolic and cubic phase distortion components. Figure 2-4 plots
the phase distortion for an RF input of 7, 5 GHz, obtained by numerically integrating
the measured delay distortion (with delay equalization), The unequalized ripple is
approximately +1. 50.

Provision is made to insert a mop-up equalizer in the 70 MHz IF,

A terminal employing the COMTECH up~-converter and down-converter is
specified to have 40 MHz bandwidth at the 70 MHz IF. The bandpass at 70 MHz is set
by a filtei' in the 700 MHz IF, Figure 2-5 is the measured response of this filter
indicating a bandpass exceeding the 40 MHz requirement, The measured amplitude
response is down by approximately 0.5 dB over a bandpass of 52 MHz. The bandwidth
at the 700 MHz IF is 125 MHz,
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2.3 COMTECH VARIABLE 70 MHz GROUP DELAY EQUALIZER MODEL
DE-705 p g

The Comtech Model GDE-705 Group Delay Equalizer enables mop-up
cqualization with variable linear and parabolic delay (parabolic and cubic phase).
‘The cqualizer can provi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>