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ABSTRACT

L
port .

A spectral and power efficient modulation technigue -
Superposed Quadrature Amplitude Modulation ° (SQAM) is
introduced.

At first, the SQAM baseband signal encoder, using both
the pulse overlapping concept and the nonlinear switching
filﬁer (NLS?) techniqge , 1is described. Experimental and
simﬁlation results of ‘eye patterns , state space diagrams
" and envelope fluctuations of SQAM signals are presented.
The spectral characteris;ics and probability of error
performance of SQAM signals, in an additive white Gaussian
noise (AWGN) single-channel environmen€, are analyzed and
compared to constant envelope modulation schemes such as

MSK and TFM. These results indicate that our SQAM systems
| have comparable spectral prbperties . exhibit better Ple)
performance and are easier to implement than TFM.

Then the performance of the SQAM system, in a nonlinearly
amplified multichaﬁqg} environment, in the presence of AWGN,
intersymbol-interference (1s1) ' adjacent channel
interference (ACI) and/or cochannel interference (CCI), is
investigated' and compared to those of OQPSK , MSK %nd
IJF-OQPSK (or SQORC) systems. The effects of ACI and CCI on

the performance of the SQAM system are investigated by

et



‘simulation under different channel conditions , namely , (1)
different channel freguency separation, - (2} filter
bandwidth(B) and.éyﬁbol duration(T.) prodyct (BTS) , (3).
flat fade depth and (4) different valﬁeS‘ of amplitude
parameter(A)- in the SQAM signal. In the simulation , the
earth station high pover amplifiers (HPA), operating in
saturation mode, are approximated Sy ideal hardlimiters. As
a result of the performance evaluation , it has been found
that the SQAM system outperforms féQﬁSK + MSK and IJF-0QPSK
systems, Further, we illustrate fﬁ%tﬁbhePfe) performance
degradation due to the ACI or CCI can 'Be minimized by
appropriately choosing the modulation technique, tfpe of

ffilters (transmit and receive) and.their BT values.

ﬁ For future research , an application of the SQAM signal
encoding technique to the premodulation filters ' in
digital FM  or continuous phase frequency shift keying

'E(CPFSK) scheme, ' is suggested . To attain even higher

spectral efficiency , a duo-binary SQAM technique is also

suggested and its power spectrum is studied.

These desirable performance éharacteristics, combined
with the siméié hardware implementations of SQAM modem may
lead to numerous satellite and terrestrial radio system

applications.
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Chapter 1
INTRODUCTION

.

In order to improve the powér>and spectral efficiency of
digital communication systems , various filtering and
baseband signal:processing techniques have been studied. To
attain . high spectral efficiency, the power spectrum of the
signal should have a narrow mainlobe and a fast spectral
‘roll-off. " To attain high power efficiAncy, the transmit

iwhigh power amplifier (HPA) should be operated in a saturated
.(nonlinear) mode. _
—

As the presently used RF spectrum becombs,/ﬁfggly
congested, many satellite systems teﬁd to employ  higher
frequency bands such? as 14/11 or 30/20 GHe. At ‘these
frequencies, not only up- and down-link therm;l no}se, but
also up- and down-link fades, caused by rain attenuations,
are quite important. - To miniTize the impact of the uplink
signal fade, the satellite traveling wave tube amplifiers
(TWTA) may be overdriven into the nonlinear region. To
maximize the earth statijn power efficiency , the earth
station HPAs must be operéted in the saturation region. An
ideal hardlimitﬁr presents a good first-order approximatien

of satgraféd amplifiers.[1,10].



Cuadrature-phase-shift-keying-(QPSK) modulation technique
'is widely used because of its simple hardware implementaqion
and good P(e) performance in‘a linearly amplified channel.
However, when a QPSK si;nal is filtered and then amplifiégﬁ'

by, HPA near saturation region, the spectral sidelobes at

the. output of HPA regrow due to the nonlinear

amplification. These regrown spectral sidelobes -«cause

significant interference into the adjacent channels, and
~ . F 3

degrad& the probability-of error performance.

Im PSK-typ; modulation schfmes, TPlti-interval pulse
overlapping techniques "have been introduced to achieve
higher gpectral efficiency compared to the conventional
QPSK, OQPSK and MéK signals. A class. of intersymbol
interference and jitter-free (IJF) -OQPSK scheme studied by
Feher et al., [1,4,10,11) also retains a compact mainlobe and
low speétral spreading after nonlinear amplification.

In this thesis, we introduce a new class of power and
spectral efficient modulation technique - Superposed
Quadrature Amplitude Modulation (SQAM) which produces a'fast
spectral roll-off , a low out-of-band energy ; and shows

good P(e) performance.



3 ‘ ;
1.1 THESIS OUTLINE

A
Following this intfoduétory chapter, in Chapter 2, two
methods of -géneration of SQAM baseband signals. are

presented, namely , (1) the pulse overlapping concept and
(2) the nonlinear switching filter (NLSF) tech;ique. The
NLSF method 1is used for our low—Spéed hardware prototype.
For higher speed application; , binary transversal filter
(BTF) implementations.'may be preferable [10]. The power
spectral densities of SQAM signals are analyzed and compared

\.—4
to those of QPSK (or OQPSK), MSK, IJF-OQPSK (or SQORC) and
TFM signals [1,4,6].

Chapter 3 illustrates the propertieé of SQAM signals,
including eye patterns, : signal state-space diagrams and
envelope’flﬁctuations. The probability of error performance
of the SQAM modem, in an AWGNusinglé-channel environment, is
studied=and 66mpared to some well-known, constant envelope

modulation schemes, such as MSK and TFM.

In Chapter 4, the performance of SQAM modem, in a
nonlinearly amplified multi-channél envigonment, in the
presence of additive white ‘GguSsién noise (AWGN) ,
inte;sy%ﬁﬁl-interference (JSI), adjacent channel

)

1
interference (ACI) and/or co-channel interference {(CCIl), 1is



4
inﬁestigated.by computer simulation, and compared to the
performanée of OQPSK, MSK and IJ?-OQPSK modems. The.effects
of ACI and CCI on the -perfofmané; of SQAM modem are
investigated under different channel conditions, such as
differené channel frequency separation, filter bandwidth and
symbol duration product (BT;) and. £la£_fadg depth of the
désired signal. In this .computer simulatioh;;n cascaded"
nonlinear satellite systems are simplified to a baék-to—back
mode {(i.e., no channel input filter or TWTA)}, and earth
station ﬁPAs, operating in saturation mode, are approgimaied-

by the ideal hardlimiters.
Chapter 5 contains tecommended further research , where
applications of the SQAM signal processing technigue 'to'

digital FM or duo-binary schemes are suggested.

Chapter 6 contains final conclusions .



"

-
;- Chapter II
A CLASS OF POWER AND SPECTRAL EFFICIENT SQAM
SIGNALS

4

It has been demonstrated [4,6,10] that overlapping
baseband pulses, where each pulse duration is wider than one
symbol interval (T; ), have spectral advantages over

non-overlapping pulses. Smooth and correlated phase

' transitions are required to attain good spectral properties,

and low envelope fluctuations (or ¢onstant envelope) of
modulated signals are preferable to attain good power
efficiency.[3,20,26]. |

In this chapter |, a new class of signals, for
applications in a power and spectral efficient system, is
introdpced and studied. The SQAM baseband signals can be
generated by usingl either the pulse overlapping concept or
the NLSF technique.[5,10]. Conceptually ) both
implementations 1lead to identical results. For ‘our
relatively low-speed (128 kb/s) prototype hardware design ,
we used the NLSF method. The phase transitions and power
spectrum of the SQAM signals are analyzed\and compared to

other modulation schemes.
£



2.1 GENERATION OF SDAM SIGNALS

2.1.1 SQAM Signal Encoder Usiné Pulse Overlapning Cohcépt

Fig.2.1 shows the SQAM signal encoder using a

double-interval pulse overlapping concept [4,6,10]. The
input signal x(t) to the encoder is given by :
oo : ]
x(t)= X a, h{t-nT ) : (2.1)
nz-co :

where

)

—, 8, X1 “with probability 1/2

h(t-nTy)= {1 for t=nTg

0 otherwise . (2.2)

and Tg-is a data symbol duration.

Let the SQAM signal encoder have an impulse respohse s(t),
which is ‘a double-interval (274 ) raised-cosine pulse,
superimpoéed with- another weighted single-interyal_ (75 )

raised-cosine pulse , l.e,,

s(t)=(1 + cos 2L ) 4+ g(p) ©(2.3)
. “s5
where
e . A=A - 2nt,

: d(t)= > (1 cos-ﬁfg—) o (2.4)

0.5 <A< 1.5 (
] v

‘Ts <tg 'I‘5

P A



7
and A 'is an amplitude parameter of the SQAM signal. The
encoded signal y(t) is obtained by the convolution of the
input signal x(t). with the impulse response of the encoder

s{(t), and is given by :

- ’

o

yit)= % a

s(t-nTg) (2.5)
n=--co

n

In order to obtain - an intersymbol-interference and
jittér-;ree (1IJF} signal y{(t) , the double-interval pulse

s(t) must satisfy the following IJF éonditions.[l].

s(t)®= s(zt) for -T, <t< T (2.6.a)

S S

s(Tg)=s(-Ty)=0 . (2.6.b)

-

From (2.3} gnd (2.4) ,it can be readily proven that SQAM
signals meet the IJF conditions. Since the input signal
duration is T; second and s(t) has a 2T; second duration ,
the encoded signal can be obtained by the superpesition of
double-interval pulses s(t-nT;) and s(t-(n+1)T ;). Therefore

, the encoded signal can be rewritten as :

oo

y(ty= Ty (t-nTg) - (2.7)
n--oo .

where m=1,2,3,4.



yl(t-nTs)s-s(t—nTS) -é(tf(nfl)TS) - for ap=ap,1=-1
ﬁg(t-n?s)¥ s(t-nTs)'-s(t-(n+1)Ts) for an=% and a, ;=-1
yjft-nTS)=-s(t—nTs) +s(t—(n+1)Ts) for a,=-1 and ane1=1

yu{t-nTg)= s(t-nTg) +s{t~(n+1)Tg)  for an=ap,.1=l

(2.8)

For the. illustrative impulse sequence shown ~in Fig.2.1(c),

with input symbols a, =a, =1, tﬁL encoded SQAM:signal, in

the intervéi‘[O,Ts],, is given by 3

yult)= s(t) +}s(t-Ts) S
= (1 + cosmne/Tg) + dle)]
+ [£(1 + cos n (£-Tg)/Tg) + a(e-1))
= 1 + 24(t)

i. = A + (l-A)cos 2n t/Tg | | (2.9}

In the‘interval [TS ,ZTS]; ‘with input symbols a; =1 ahd as

= -1, the encoded sQAM signal is given by : ~

y2(t-Tg) = s(t-Tg) - s(t-2T,)

/]

; .
[%(1 + cos n (t-TS)/Ts) + d(t‘Ts)]

[5(1 + cos n (t-2m,) /1) + d(t-27)]

n
¢
.
L]

-cos n t/T, - (2.10)




In the interval [ZTS . 3Tgl, with input symbols a; = -1 and

a-~ = 1, the encoded SQAM signal is given by :

-

y3(t-2Tg) = -s(t-2Tg) + s(t-3Tg) ‘
= ~[3(1 + cos n(£-2Tg)/Tg) + A(t-2Tg)]
+[3-(1 + cos m (£-3T¢)/Tg) + d(t-3T,)]
= cos mt/T, ‘ (2.11)
Applying the same concept with input sympols ap = ap,1="1,

the encoded signal is given by :

o ¥1(t-nTg) = -s(t-aTg) - s(t-(n+1)Ty)
=o."1 - Zd(t)
. = -A - F?JA) cos 2nt/T (2.12)
L o i -
and also
- ' ,
Y, (t-nT) = -yl(t-nTs) (2.13)
yj(t-nTs) = -yz(t—nTS) _ (2.14)

Thus , the pulse overlapped SQAM signal, - in any signaling
interval, is a function of two consecutive input symbols, -9

and ap.1 .




~Input signal | sqaM sighel encoded output.
%(t) _Encoder: | y(t)=x(t)*s(t)
s(t) '

(2) SQAM "signal encoder having an_impulﬁp response s(t).
s(t) "
A /

1

s{%t)= g_("c)i-d(‘t)

(b) An exzmple of SQAM double-interval pulse;

) PPN of g! a2 ,]‘?3
x($) T T 2Ts |
0 T l 3Tg
I [ S,
l' e e e = mm-—- . - -
s(t)— . y(t)
2T,

(c¢) SQAM =signal coding process using pulse
overlapping cncept.

Fig.2.1.SQAN signal encoder using double-interval

ulse overlapping concept.

ge
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2.1.2 SQAM-Signal Ersicoder psing the NLSF Technigue.

-

. In this section , the SQAM baseband signal encoder, using:
the nonlinear switching filter (NLSF ¥ technique [5,10], is
described. We have defined fou: SQAM encoded signals in the
0 <t< T interval in (2.9) ... (2.12). (See Table 2.1.)
Fig.Z.Z shows the encoded SQAM signal eye pattern using the
NﬁSF té;hnique. For each consecutive Tgsymbol interval ,.one
of these signals is switched ;b the transﬁissionrsigtem. The
rzﬁuf?éd switching function. is achieved in t;E channel
multiplex i(MUk) unit} , which 1is controlled‘ by‘a} ldgic
control unit. The selection of the y,(t-nTg} ... §4(t-ﬁT3)

S
signal states depends upon the states of two consecutive

- input symbols. 1In Fig.2.3, the corresponding hardwaée Plpdk

diagram is shown, while 1in Fig.2.4 the det;iled circuit
diagram' of the SQAM baseband signal processor is shown. In
£ig.2,4 , Ul ..., U7 consist a logic control unit, wﬂicb
provides 2 bit control ;ignals to a 4 channel MUX( Ul0 ). A

monostable: multivibrator(Ué) compeﬁ§ates the "time delay

‘caused by the logic control unit. Using a 12BkHz input

clock pulse, U8,9 geherate.64kHz sine(or cosine) components
Y, (t) and Yq {(t). ( See Fig.z.é. ) Ul3,14 géneraté
veighted and d.c biased ({(i.e.,’  0.5<A<1.5 ) 128kHz sine
coméonents y1 (t) and y; (t) . Ul2 compensates a time delay
bet#een the ouiput components y; (t) ... y. (t). Fig.2.5
illustrafes the measured waveshape and eye pattern of the

SQAM signal. ~



Ly

T : .12
Tahle 2.1 Encoded SQAM outﬁut signals.

| 1

!‘NRZ input data = SQAM output signal _

' : ' -

- i |
3+l | 2n ylt)

_ — T '

S | -1 _ ¥, (t)

f : h

L1 1 E _ yo(t) - !
S y5(t)
1 . 1 Y, (t)

13

SQAM output signals yl(t) to yu(t),are defined as follows.

yl(t) =A - (1-A) cos(Znt/Té)

yz(t) = -co;( nt/Ts)

‘yj(t) = .cos(n t/Ts)
yq(t) = A+ (1-a) cos(2nt/Ts)
where
] L]
0.5 <A< 1.5
0'<t< Tg '
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(b). Measured eye pattern.
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2.3 SPECTRAL ANALYSIS OF SQAM SIGNALS..

-

In this section , the power spectral density (PSD) of
SQAM.signals is derived and compared with the PSD of some
other well-known signals.' “The PSD function of the SQAM
signal is derived by using the Impulse methoé [20] and the
Fourier transforms of the SQAM double-interval pulse. From
{2.3) and (2.4) . ‘the SQAM double-interval pulse 1is

expressed as :

s(t) = g(t) + d(t)  (2.15)

where
g(t) =%h(l + cos nt/T.) . )
The frequency spectrum of the SQAM signal is : /) |
S(f) = G(f) + D(f) (2.17)

where 'S(£f) , G(f) and D(f) are Fourier transforms of s(t)

r

g(t) and d(t) respectively, and are readily obtained as :

: . Tq sin 2nfTs
G(f) = Flg(t)] = 5 - (2.18)
1-47 “f 2nfT_ :
and
(54-1)T sinZniT
D{f) = Fl[a(t)] = S . S (2.19)
1.7 252 2nsn

s 3
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Therefore

- 1 ,_1 Sin2nfT
( Iz

)
S ' ag 21‘2 1-T, 2p2 2neT_

S(f).s‘T ' (2.20)

and
S{(0) = ATg _ (2.21)

Thus, the normalized PSD function of the SQAM signal s(t) is

given by :

IS(6)]%_ 1 1 Al © sin2nfT_ 2

= ( + ) (
s (0)l a® 14 1-r 2o angr

S (2.22)

h | ' .
(See Appendix A. for the detailed derivation of eg.(2.22).)

f’//’

Fig:2.7 shows\the computed power 'spectra of equiprobable
random SQAM bas;béhd signals ' for different wvalues of the
amplitude parameter 'A', We note that a decrease of "A'
leads to a faster spectral roll-off at higher frequencies,
but at the expense of a  wider main-lobe. .Depending on
particular system applications » desirable SQAM signals may
be ;elected » based on the trade-off between the main-lobe

occupancy and side-lobe roll-off. In Figs.2.8(a) ... (c),

the power spectra of SQAM signals are compared with those of
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other constant envelope modulation schemes, such as MSK and'
TFM, for linear and nonlinear channels [1,3,10]. . The
detailed computer simulation program is listed in Appendix
C. From the results , we ™note that the SQAM signals have
significant spgectral advantages over QPSK and MSK signals,
and éomparable spectral properties to TFM signals. (The
spectral region.of practical interest 1is Setween 0 dB and
-35 dB for most applications. )} Figs.2.9(a) ... (c¢) show
measured power spectra of the SQAM signals with amplitude
parametefs A=20.8, 0.9and 1.0 in a linear channel. In
this experime;:, we used a random 128 kb/s equiprobable NRZ
signal. The experimental, éomputer_ simulation and
theoretical results indicate a close agreement. We note
that the SQAM s{gnal, q§signated with A=1.0, is identical
with the conventional overlapped raised-cosine (QORC) siénal

and also the IJF-OQPSK {subclass n=1) signal.[1,6].

65“"

'..\
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N

A useful measure of- a spectral compactness can be

obtained from the fractional Qut-of-ﬁand power P,. , defined

as :. » .

— 3 =) _
Py =1 - [ Js(£)ae/fs(e)at] (2.23)
-3 -oo

where ‘)

5

-

&

(0)

[#}]
-~

s'(f) =

(2.24)

3

14}

and B is. a channel bandwidth normalized to the data symbol
rate (i.e., (f-f )/f_ ). Figs.2.10(a) ¥®nd (b) show the
computed ocut-of-band to total power ratics of SQAM and MSK
signals for 1linear and nonlinear channels. It 1is noticed
that SQAM signals have a sharper spectral roll-off and lower
; out-of-band energy, compared to MSK sig‘al;{'Also note that
in the SQAM system, « foOr normalized‘freqzﬁggies (f-fc)Té>1.0
, the out-of-band energy for A<l.0 is lower than that for

A>1.0.
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Chapter III

PERFORMANCE OF SQAM IN AWGN SINGLE-CHANNEL
ENVIRONMENT :

3.1 SQAM MODEM

The SQAM modulator consists of SQAM signal ‘encoders and a

The block diagram of a SQAM modem is shjzf in Fig.3.1.
conventional Offset-QPSK hodulaﬁor structure. For this
modulator, we do not reguire additional spectral shaping
filters. Two encoded (i.e., in-phase and guadrature) SQAM
baseband signals YIn(t) and me(t) are quadrature-modulated.
The modulated SQAM signals, prior to the hardlimiter, can be
expressed as :

z (t)=yTH(t) COScnct +y

- Lo

(t) siftw t
Tar c
=B, (t) cos{wgt +¢nit)] {3.1)

where E_(t) and ¢_{(t} are the envelope and phase of the
SQAM quadrature—modulated signals , that is ,

/2 S -

-

‘ 2 2 1
Em(t)=[y1ﬁ(t) + me(t)] (3.2)

and

- 31 -
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-1 me(t),

¢ (t)= - tan (3.3)

Yo (®) i N
The SQAM demodulator is the same as a conventional OQPSK
demodulatgr. Iﬁ our computer simulation and experimental
set-up , we useé fourth-order Butterworth low pass filters
(LPF) at the demodulator. {As we found that a 4th order
Butterworth LPF yields the best P{e) performance in a
single-channel environment.) For the nonlinearly ampli;ied
SQAM modem an ideal hardlimiter presents a good
firsﬁ-orde{ approximation to the saturated H?A.[},IO]. Note
that the hardlimited SQAM signal z () has a constant
envelope.

As the SQAM modem operates with an offset (staggered)
logic (i.e., a T, =T_/2 delay-line is" inserted in the
Q-channel) , we obtain the following 16 combinations for the

I and Q-channel output signals :

J
1-Channel Output Signhals Q-Channel Qutput Signals
+y (t=aT) | £y (c -1 /2 0T )
+ y (e-nT ) - % y(t - T /2 -nT)
* yz(t-anTs) + yl(t - 'rs/z '-nTS)_
+ yz(t-nTS) : =+ yz(t - TS:/Z —nTS)., ' !

Y
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where
LA
' yy(t - Ts/z -nTg) = -A + (1-A)cos{2nt/Ty) (3.4)

y2(t T.TS/Z -nT.) = -s%n(nt/Ts) (3.5)

The- value of the amplitude parameter XA, in the I and
Q-channel signals respectively , is selected to control the
envelobe fluctuations of the modulated signal. { However,
the parameter A should be same for both the channels.) We
note that the IJF- OQPSK signal - described in [1,10,11] is a
special case of the SQAM signéls for A=1.0. JAn example.of
the SQAM éignal encoding process, for the in-phase and
quadrature baseband channels of the SQAM modulator, is

illustrated in Fig.3.2.
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3.2 EYE PATTERN,SPACE DIAGRAM AND ENVELOPE FLUCTUATION

Fig.3.3 and 3.4 shoy the computer simulated eye patterns
of the demodulated SQAM baseband signals with amplitude
parameter A=(0.7 , 0.85 and 1.0; for linear and nonlinear
(hardlimited) channels. The eye patterns of these SQAM
signals , for a linearly amplified case , indicate that the
vertical eye opening (VEO) , for different values of A ,
have full amplitudes at every sampling instant , thus the
SQAM  signals would suffer negligible intersymbol
interference (ISI) and P(e) performance degradation. In a
nonlinearly amplified system , the VEO for A<l.0 is wider
than that for A21.0 , - hence we can expect that the P(e)
performance for A<1.0 will be better than that for A>1.0.
(See also demodulated and filtered SQAM eye patterns in
Fig.3.10 and 3.11,) Fig.3.5 shows the simulated signal
space diagfams of the SQAM signals with amplitude parameters
A=0.7 ,0.85 and 1.0. The maximum envelope fluctuations of
the SQAM signals with amplitude parameters A=0.7 to 1.0 are
shown in Table 3.1 and Fig.3.6. Note .that the maximum
envelope fluctuation changes from 0.7 dB (for A=0.7) to 3.0

dB (for A=1.0), depending on the amplitude parameter.
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Max., Fluctuation, (dB)

e

Table 3.1. Computed mzximum envelope fluctuztions of

the SQAN signals.
*
Mzx. signal Min. signal | i2x. envelope
A amplitude. amplitude. fluctuation. (dB)
0.7 1.075 0.987 0.7
0.8 1.165 1.0 1.3
0.6 1.280 1.0 2.1
1.0 1.415 v1.0 3.0
i

) S

)
D
.
\

1JE-

Amplitude rpzramst

znvelope fluctuaiion -¢f the SQAM signals.

- 40 -

0QPSK



41

3.3° PROBABILITY OF ERROR PERFORMANCE QErSQAM SYSTEMS

In this sectionm é we investigate an optimum receiver for
the SQAM-; and dérive an optimum P(e) performance of the
SQAM sysfem. Then the P(e) performance of the SQAM modem,
in the presence of an AWGN, is evaluated by computer

simulation , for linear and nonlinear (hardlimited)

channels,

3.3.1 Optimum Receiver for SQAM

Referring to Fig.3.2, the signa1s taken at every samﬁling
instant nTé , over the interva1~of [ tTS/2], form a set of 8
wavéforms and are shown in Fig.3.7. The remaining'faﬁF‘hot

hown in Fig.3.7 are the negative symmetricals of the ones
Ehown. ‘

In general, the optimum correlation receiver.maximizes
the signal energy at its output , and minimizes the
equivalent noise bandwidth. An optimum receiver for the
SQAM must be equivalent to a coherent detector in which the

» .
receiver input signal , disturbed by interference and noise,

is correlated with replicas of the transmitted signal.
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receiver, which consists of multipliers

"integrators and sampling detecﬁors.
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Fig.3.8 shows the configuration of a basic correlation

followed by

Select

maximum

! Threshold
Comparator.

(A/D)

t=T
T S
S
I )at f\\?_,
- 0 v(t)
£,(t) |
- R PN
20l (X) - et { |
T f 0 |
PR X €D :
’ - 1 £ s
Q <
—_‘®r—' (e N
] 0, ‘ vie)
fa(t) ' |

Fig.3.8 Confiquration of a correlation receiver for SQAM.

hY

\

The outpd% of thL* correlation receiver, * at the sampling

instant t=T , is obtained as :

viT, ) = | z(t) £ (c) ds

(3.6)
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3.3.2 Optimum P(e) Performance of the SQAM Modem

f}g.3.9 shows the equivalent baseband model of a SQAM

system, s

_Aasn(no/zj

SQAAL _k/*‘\ N Correlation detected

NRZ
—_— - ——————
Input’ Zncoder \L/ | zeceiver Nzl signal.

(-

Fig.3.9 SQAM linear baseband model.

As the NRZ input data is an equiprobable random signal , the

probability of occurrence of any SQAM output signal |is

identical . At every sampling ®instant , the signal
amplitude of any output signal;ié equal to 'K'. ( In (2.9)
.7 (2.12), the value of K is normalized to 1.0. ).

Therefore, the probability of error in any case is given by

Pl=PZ=P3=Pu=O.5 erfc(K/o\/2) ' (3.7)

where 0 is the RMS value of noise power. { See Table 3.2.)

44
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Table 3.2. Probability of error for SQAM signals.

1

NRZ input data| Encoded.SQAM _ Probability Probability
i a1 a, output signal | of occurance of error
S y, (t) 1/4 Zplao.Sertc-(k/aﬁ) ,
; | ; 5
b=l 1 ' y, (t) 1/4 P,=0.5erfc(K/0\2) '
1 -1 y. (t) 1/4% -P3=0.5erfc(KﬂLJ5)
g !
SR y, (&) 1/4 P, =0.5erfc(K/02)
{ | | i
‘ -
> i

Therefore, the overall probability of errof is given by :

P =1/f'bpl+ P

o Pj+ Pu )

=1/2 erfc(K/0+/2)

An ideal(optimum)

shown in Fig.3.14.

curve of the SQAM P(e)

(3.8)

performance is
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&

3.3.3 Simulation of the P(e) Performance of SQAM System

Fig.3.10 shows the computer simulation model, used to
ev;luate the Ple) performance of the'SQAM modem, for linear
and nonlinear (hardlimited) channels, Additive white
Gaussian noise (AWGN) is ;dded to the modulated- ,
hardlimited signal. The SQAM baseband signal processor is
the only spectral shaping element in thg -transmitter. The
receiver :is modeled as a conventional coherent OQPSK
demodulator having signal éhaping 4th order Butterworth LPFs
with 53d3=1.1 fN .(fﬁ =f. /2 = Nyquist frequency). 'In our
simulation , we freduently-ﬁsed fb =120Mb/s rate, thus in

this case, the 3dB bandwidth (EBGB ) is equal to 33MHz.

i Buttervorth
—— T ! _ 4th order detected
Data { SQAN i i T OQPSiK ~o *“\_\_\_ogtput
Input l Hiod. B ji," : L Demod, : f*”; ;L///___——-,'
(60 Libaud) - Hardlimiter " Single-
: T, 145 sanpling
i cetector.
=1.1%.,
I
#

Fig.3.10 Simulation model of the SQAM modem.

ot
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Computer simulated eye patterns of. the SQAM signals,
after the postdetection LPF (or before the sampling

- detector), are shown . in Figs.3.11 and 3.12 for linear and

hardlimited channels. These eye patterns show that the SQAM
signal with amplitude parameter A=0.8 results in the best
eye opening and the least ‘intersymbol-interference (ISI) at
the sampling instant , both in linear and hardlimited
channels. For comparison purpose , eye patterns of the MSK

.signal, afte; the postdetection LPF, are also shown in
Figs.3.13 and 3.14 for linear and hardlimited channels. Note
that the SQAM signal with A=0.8 has better eye patterns than

MSK signal in linear and nonlinear channels.



SQAM EYE DIAGRAM S

Fig.,Z.1l Zye patterns c¢f the i~ sigrals zfier

postdetection LPT in a linear channel (I or Q-chanhel).

od



'SQAM EYE DIAGRAM

o

zye patterns of the 33a. signzls alter

postdetection LPF in a linear channel.
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SQAM EYE DIAGRAM

Zye patiemms c¢i tne S«nll 31

postdetection LFF in a hard

imi

%5
-+
")

ed channel.




SOAM-EYE'DIAGRAM

7ig.2.12 Zye rpatterns ‘'ef the 33All signals aftar
postdetection LPF 'in & hardlimited channel.
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{a) With receive filter only.

‘ Fig.3.13 Eye patterns of .the MSK signal after
postdetection LPF in a linear channel.

.

(a) With receive filter only.

.....

Fig.3.14 Zye patterns of the .35K signal af<er

_postdetection LFF in a hardlimited channel.

_52- “
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F1gs 3 15(a) and (b) show the s1mu1ated P(e) performance

results of the SQAM modem for linear and nonllnear channels.

For. the 1lluserat1ve case, a data bit rate of 120 Mb/s (60

Mbaud) was assumed. We obtained the best pErfqrmance for

A=0.8 in linearly ahd k nonlinearly amplified channels. -

Figa.B.tha) a (b) illustrate the P(e) :performance
degradation , that is . increased. Eb/NO;:;:drement of
this SQAM system to maimtain Rte)=10" \\\hThe performance of
SQAM is degraded by™~07"3aB ‘(for A=0.8)

and O.S'dp (for a=0.8). in a saturated (hard- 1limited)

a linear channel,

- =N .
channel;//Tdifacili;ate the comparison with the perjfformance
_ . ' . U
of MSK and *FM , the increased E /N, requirements fof these

systems are also shown in Figs.3.16(a) ‘and, (b).[%]. The

» . .. ' :
filtering strategies |, which . hdve been wused for the

generation of these resuits R are summarized in Table 3.3.
Note that SQAM (A=20.8) outperforms MSK by 0.5dB in a linear
channel, and‘by 0.8dB in a hardlimited‘chanhel SQAM
(A=0.8) also~uutperfdrms TFM by 0.7dB in a linear channel ot
Further, ' the generation of SQAM sxgnal is much simpler than

_that of TFM signal. ”,

Ay ‘.

-
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o
(=1
: Lote :
2 AN\ N l. data symbol rate :
= \\ £ = 60lbaud.
1 - '2. receiver filter :
s 1.7 4th order Buttervo
& . = —
G LPF (f545=330H2)
w T3 '
O 3
>
| -
:? -
a 2|
< T2
8 -
n A
£ 3 A=1.1
'SL N\ A=1.0 (IJF-OQ‘Sh/sqoac)
3 Ideal curve \
3 ' A=0.7

1o
>
o>
o I
, o
o o

rth

: »
-~ ” .
D i
600 g.00 ib.oq1 12.00  14.00  15.00  18.00
' ' : F EB/NO IN DB

Fig.2.15(a). Simulated P performance of 354X modem
in-a linear channel.
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3 SOAM BER CURVE
§ Note 1Y -
1:' 1. da{a symbol rate_}

T = 60lbaud.
, 2. receiver filter

- LPF (de.B: 33iHz )

A=1.1

PROBABILITY OF ERROR

107 10" 10" (d‘ )
[] llllllll [ lllllll! L L Litiil i llllllll

L1 lllllll

-

A=1.0 (IJF-0QPSK,SQORC)

>

A=0.9

-

| 0

4th order Butterworth

[+;]

.00  8.00 19.00  12.00  14.00  16.00  18.00
EB/NO IN DB | |

Fig.3.15(b). Simulated P, performance of S2QAil modem
' in a nonlinear(hardlimited) channel.
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Table 3.3 ?ilteriﬁg st

-~

rategies for different modems.

Modem. Transmit filter. Receive filter, _1
MSK., 4th order Butterworth | 4th order Butterworth i
, . |
= iry !
LPF. {f;;5=33 MHz) LPF. (f343=33 MHz) :

TFM[ 3] Low pass filter :B(w) | optimufi"LPF for TFM:A(w)
: !
' IJF-OQPSK Nil . aperture equalized full
(1] . raised-cosine filter(;, 4J |

SQAM ' Nil i 4th order Butterworth
LPF. (f3455=33 MHz)

3.4 EXPER

-

IMENTAL RESULTS

AN

The schematics of experimental set-up of SQAM modem is

shown in Fi
sequence, (P
and a
AWGN, \ Pha

=35. 2kHz)

4

g.3.17. In this set-up , a pseudo

random noise generator (20 Hz - 20 MHz)

se equalized 4th order Butterworth LPFs (deB

are used as postdetection LPFs in

random binary

generator provides a NRZ data-of 128 kb/s,

provides an

the receiver.

,Eigﬂ3.18 shows the measured I and Q-channel eye patterns of

the SQAM si

gnal for A=0.8 in a linear channel.

Fig.3.19 (a)

and (b} show a baseband 1( or Q)-channel SQAM signal (A=0.8)

-



58
aﬁé a corresponding modulated (ca;pfer.frequency : £, =
lﬁHz) I( or Q)-channe}”S5QAM signai,-fespéctively. Fig.3.20
(a) and ib) show measured signal space diagrams of SQAM
signal (A=0.8) " in a linear and in'a hardlimited channel,
respectively. Note that phe hafdlimited SQAM signal has a ?
constant envglope. Fi§.3.21 sﬁows measured power spectra
of SQAM signal for A=1.0 in a linea; and in a hardlimited
channel, and also for A=0.8 in a hardlimited channel.  Note
that fqr-A=0.8 , the spectral spreading is lower than that

for A=1.0 in a hardlimited channel, -

128kb/s ' . Hardlimiter
Nata ‘ S5QAN Quad-
> 3/P o N .. ‘
Gen. Encoder iiod,
[ 1 1 ]
) »
128kHz 0\
v ' Noise
Clock Gen. L.0O 1iiHz - l
L Gen. i
| ) | —
Y ' Y

-«—— /5 i /lerl fButterworth:. Quad-
out - ‘\\\j'"_— LPF. (4th) Semod.[”

Sampling T = 35.2kKz
Detector. 3dB

LA

T

Fig.3.17 Experimental set-up of SQAM modem. %\\V/

- : - cd "



L‘_;// SQAM signal.

I-channel.

Q=-channel.

© ANAA
. ' \_fﬁ'\

v e

A. \ 4 ,-'W: .-A-. .V A

Fig.2.19. (a). I {(or Q)- chapnel 3QAli baseband signal.

(b). I (or Q)- channel moduiated (£ =1iHz )

)

= <taro AEaaiete b
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Fig.3.20.
ieasured SQaAl signal
(A=0.8) space diagran.

(a). In a linear channel.

-

(b). In a hardlimited
channel. o

rig.3.21.
Measured power specira
of SQAM signals. '

¢r (a). Upper : A=1.0 ,

hardlimited.
(b). Middle: A=0.8-,

hardlimited.
(c). Lower : A=1.0 ,

linear. -

an
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Chapter 1V

PERFORMANCE OF SQAM MODEM IN NONLINEAR
MULTICHANNEL i

-
-

4.1 ANALYSIS OF PROBABILITY OF ERROR IN MULTICHANNEL

In this section , we derive expressions for the P(e)
performance which’ inglude the effécts of 1s1 , ACI [27]
and/or CCI in the linearly‘amplified multichannel system.
Based on thes; expressions ; we also find the worst case
- (high bound) error probability in an ACI or.CCI environment,

\

§.1.1 Probability of Error in Adjacent Channel
Interference

The probability of error, for linearly aﬁplified
multichannel systems in the presence of AWGN , 1ISI aﬁd ACI,
is analyzed. The block dfagram of a multichannel modem is
shown in Fig.4.1, where two adjacent chaﬁnels (i.e., one
highef- ffequency ‘adjacent channel aﬁh another lower

frequency " adjacent channel) interfere with the main

(desired) channel. - . ‘ f}_-- ' !
The transmitted signal is given by : .
z,(t} = Re [v,(t) exp{j2nf t)] : (4.1)
-61_
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.Qhefe n={~1,0, 1], and 'n=0" represents the term due to the
hesired signal; and 'n= *1' represent terms due to the
interféring signals , and £ is the ca}rier freqﬁency:of the
main channel.

The'corresponding complex envelope vn(t) is given by [27] :

. t
v, (t) = Kpr;exp[“]%s‘; a, 35(7- T,-iT5)A7T + naF2nt+ (]

xi
; (4.2)
where - "
K = amplitude of desired signal.

P = relative signal amplitude of adjacent channel.

( P,=1 and F.D(fade-depth)= 20log{@ /Py ). )

s(t)= impulse reponse of a baseband signal encoder.
(For SQAM signal encoder, see (2.3) and (2.4).)

7. = symbol timing misalignment of adjacent channels

? (7,=0 sec.) )
AF = .channel spacing. (See Fig.4.3.).

§,, = carrier phase misalignment of adjacent channels

( 90= 0 rad.)

-

a_ .= *1 with egual probability. ( 'i' represents
terms due to_intersymboi;interference. )

T, = symbol duration, .
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| ' T,
The demodulated signal; at the output of the recei filter,

ry

is given by :

- » .
. * >
r(t) = x;(t) + n{t) | (4.3)
x (t)= xy(t) + xy (£) + x_j(¢) | (4.4)
xn(t)= Re [w, * hy(t) * hp(t)] - (4.5)

where * denotes convolution , hn(?) and hi(t). represent the
impulse response of transmit and receive filters,
respectively. .(Le; the main-channel transmit filter have an
impulse response hn(t) 4 by (t) with n=0.)

n(tz is a zero-mean Gaussian noise with variance

2 . P 7 ' .
. O = No/2-i|HR(f)[ 2ag //’//’7 (4.6)

where N /2 is the double-sided PSD of AWGN , and
Hy (£} = Fihy (t)]

Assuming i=0 and desiréd signal ay ~=1, then the probability
. . ' -

of error, at-the sampling instant t=ty . is expressed as :

.4

Ple) = 0 [ ( KE(ty) + ISI +ACI )/a, ] (6.7)
where

f(t) = s(t) * h (t) '* h. () (4..8)

1ST = K'Egau'if(td - iT) (4.9)
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ACT = x,(tg) + x_j(ty) ~ (4.10)
Q(x) = 1A/2T [exp(-y2/2)dy - (4.11)

. !
and the bar (—) dehotes the average over all random
symbols contained in ISI and ACI.
In (4.9) - let us assume only two

~ intersymbol-interference components are significant, then
: _ 1

-

ISI = K [ ao,lf(f—-l) +ag gfle) 1

and the worst I1SI occurs when aqglfao 1" -1, that is,
. U ] N

worst ISI = -K [ £(t ) + £(ty) ] (4.13)

When adjacent ¢hannel signals h;}é opposite polarities to

that of the aeéired signal, "that is a) ¢=3 ¢~ -1., the.

worst ACI appears to be

worst ACI = - [|xl(t0)| + |x;l(tol]'] | (4.14)
2 < ' ‘ '
The worst case (high bound) _erroE probability can be

calculated from (4.7),(4.13) and (4.14).

(4.12) -

-



4.132 | Probability ég'Error in Co-Channel Interference

The probability of error, in the presence of AWGN , 1SI

i ———
T

and -CCI', 1is analyzed in this sectién.jV'Using the same
parameters as _in the case of ACI in section 4.1.1, _the

traqﬁmxtted s1gnal is given by :

z,(t) =’Re'[vn(F) exp(j2nf t) ] : o (4.1)
‘where complex envelope vﬁ(t) is given by :

t ' .
v (t) = Kp\ex{[-lz—jz ay ;3 s(7-7,-iT)d7 + 6]
i Mt - .
o ‘ NG (4.2)"

’

v -

‘( AF in (4.2) is set to zero in CCI'environment.)_

The demodulated output signal is :

. r(t) = X (t) + n(t) (4.3)

: Do \‘9 . SN N N L 'P.
xp(t)=xy(e} + xy(e) s ) | (4.4)
.0 xg(t)=TRe [-v (t) ®h (£) * hg(r) 1. . (4.5)

where n(t) is zero-mean Gaussian noise with variance

v
N /2 ’HP(E)] df . . "' ~ (4.6)

- \, -a - .-

2

g !
n

L}
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The b:db&bility of'erro; is expresSed_as-;
Ple) = Q [ ( RE(ty) + ISI +ccr )/o,1 (4.7)"
where !
£(t) - s(t) -*‘hT'(t) * hp(t) - ' (4.8)
ISI = KL Pna, i £ltg- iTs) (4.9)°
n o .
iz#0 T
CCI =¥ x_(tn) (4.10)'
n#0 n'-o ’ -
" o(x) = LA/ZT| exp(-y°/2) dy - (4a1)

X

dominant IST = KE P la; 1£(t])) + ay ") £(t; )]

n n ryl
(4.12)'

/ . L]

R 4

The worst ISI occurs with a = a._. .= -1, anéithe worst CCI
o n’l n.-l

occurs with a ‘5 = -1 when a.- desired signal ap =1 is

n, .
. assumed. . . _ N
. -~ ’ -
Thus, ! .
. ui )
worst ‘ISI = -K L p [ fle ;) + £(ty) ] (4.13)
1 ) n . . o —
cc E lx, (tg)] oy (4.14)'
worst I =- x. .t ! : .14
nzo' _Q.‘ . :gi
1. / |
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vhere the integer 'n' will be "determined depend;ng on
different applicétionsﬁ (folds) of the frequency ‘rehse

system. The worsf’cése (hiqh bound} error probability can
.be calculated from (4.7) , (4.13) and (4.14).

However , it is quite difficult to analytically evaluate
the average Ple) pefformance of quadraturé mddems, in the
presence of AWGN,ISI aﬁd aci [(14,16,27] or ccI [13,15,17] ,
especially for the nonlinearly 'amplified mﬁltichannel
s}stem. Therefore, in our next step, a computer imulation-
" is employed to analyze the perfdrmance}iof the SQAM modem iﬁ

a nonlinear multichannel environment.

\

4.2 SIMULATION ON P(E) PERFORMANCE OF MULTICHANNEL SQAM

.

In this section ; we describe a éompqter simdlation’
approach which is employed to evaluate the performance of'
the .SQAM modem in a nonlinear channel gith ACI and CCi .
We ﬁse a well established computer simylation' software'
backage called COMSIM. COMSIM is a softwére package
(primarily based on time domaEn',pbe:a;ions) used for the

computer aided de;ign and anélysis of digital commuﬁication
.:systems, and was dﬁveloped at Digital Communication Group of
. ‘. S : : i

14
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S

University of Ottawa. A'simulation model of a SQAM modem

‘with two adjacent channels is shown in Fig.4{2 , -while its
frequency allocation is shown in Fig.4.3.
.In section 4.2.1, we discuss the assumptions made for

this simulation. The performance of the multichannel SQAM

_____ J— -

modem, for differenE values of ' a ', is evaluated in

section 4.2.2, under different channel conditions. = In.

section 4.2.3 ... 4.2.6 , effects of the receive filter

bandwidth , channel spacing , fade depth on the desired

signal, and effects of co-channel interference (CCI) on the
performance of the  SQAM multichannel syetems are

‘investigated and compéred‘to those of other modems,

41\.
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4.2.1 Assumptions Used'zﬁftie'simulations .

4

(™S

(1). Two interfering adjacent channels are eqgually -
spaced. In Fig.4.3, the main channel has a carrier
frequency fo ,and the adjacent channels have carrier
§requencies £ =fp * AF where AF i§ the channel
frequency sepa;ation {or channel spacing).

(2). The interfering signals_ﬁave the same form as the

desired signal. '

{(3). = The carrier Jpﬁase-and symbol timings of the
interfering signal§ are randomized over the interval
(0 ,2m and (-TS/ZE ,: Ts /2 respectively to avoid the ~
coherénce and synchrefization between the interfering
and main channéls. '

(4). The earth station HPAs, operating in saturation
mode, are approximated by ideal hardlimiters.(An ideal
hardlimiterfpresents a good first-order approkimat}on

of a saturated amplifigr.[l,lZ,lB]) v
(5). Only the,désiied signal is .aFtenuafed due to

" uplink flat fading ‘

{(6). An ilZ%strativé input data bit rate, £, = 120

Mb/s(or data symbol ra£e . = 60Mbaud ) is used. This

is a typical bit rate for a number of high ipeed

systems. s _ 1

(7). In éhe'SQAM modem, only receive filters are uség.
T
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4\3.2 Effects of the Amplitude Parameter({A) in SQAM
) | .. - Q;:)
In ‘{;;;‘\:;mulation, ‘phase equalized 5t order

Butterworth LPFs (f.jdB =30 MHz) are used. ih the receiver.
The Ple) pe;formance results of the ﬁardlimited multichaﬁnel
SQAM modem for different values of A. ' are shown in
Figs.4.4(a)...{(d). In Figs.4.4(a) and (b), the adjacent
igterfering channels have the equai'"pouer as the  main
channel , while in Figs.4.4 (c) and (d), ghe main channel
suffers a fading by an amount of 6 -dB. Note that with low
levels of fading , the SQAM modem for A ﬁp.e shows the best
performance, while with high levels of tading , the SQAM
modem’ for A=0.9 haé a 'betger performance.' Hereafter, the
SQAM signal for A=0.85 \is consideréd. for our further
evaluation on the P(e) performance of the multichannel SQAM

systems,



SQAM. BER CURVE
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P
_g ~Note :
3 1. data symbol rate :
] . f4= 60Mbaud.
32_ 2. receive filter :
§ 5th order Butterworth
e 3 LPF(f,,lB=30u1Hz). _
gzz . - 3. Equal power channels.
.'-U '9 ( F.D=0 dB ) _
S 3 4, Channel spacing :
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- 3 ‘
:? = h
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Fig.4.4(a) P, performance™Qf 3QAl modem in a hardlimited

multi-channel sy¥tem {(vs. ‘'ar ).
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4.2.3 Effects of ‘the Rece{ve.?ilter'Bandwfdth.
In this _séction,..we inéestigate effects- of a receive
filter bandwidth on’ the perfbrmance of the SQAM "modem in a
multichannel envxronment . and try\to f1nd out an opt1ma1
filter bandwidth(B) and symbol durat1on(T ) product for the
Sth order Butterworth_ LPF. In these' siduletions,
Phase-equalized 5th order Butterworth LRBFs are used. ‘I‘he‘

P(e) performance results of the SQAM (A=0.85) modem for

. 'o‘
different bandwidth (f

jdE) of the receive filter are shown.
in Figs.4.5(a) and (b), with chanhel spacings AF=90 and
100 MHz respectively.\_.The P(e) performance degradat1on
(that is, the increased Ep/N, requ1rement of th1s SQAM system
to maintain P(e)eio'? ), as §. function of BTs product, is
shown in Fig‘.4.5(g;\) + where B (or fa,p) is the 3aB bandwidth
of the LPF, and T, (= =1/f, ) is the data symbol duration. It
must be noted that the f1lter bandwidth cannot be too large
'because of the thermal’'noise and ACI effects, -and_cannot be

too small because of 181 effect. A trade-off exists befween
v ISI and ACI losses, hence an optimal receive bandw&dth is to
be found Using the simulation, we found qhat the near
optimal BT s Product is about - 0.5 , and the major source of

the performance impairment .is the ACI when BTS > 0.5 , and

the ISI when BT s< 0.5. | It 1is also noticed that the L —

optimal bandwidth increases with 'increasing values of
N
channel spacing ( AF), and decreases with 1ncreasxng values

of fade depth of the de51red signal. . -

R
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-
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n\;4.2.4 Effeqts of Channel grequen?y Separatzon“Spac1ng)

0

-

In fhis simulation, ‘we assume thgt the iﬁ;erféring
siinais have equal power compared to the desired signal, and
the -3d8. bandwidth of the receive léw‘pass filtgr. is 30 -MHz
(Nyquist minimum bandwidth). The P(e) perfofmance reéults of

the SQAM modem for different channel spacing are -shown in

. Fig.4.6(a); ‘The P{e) performance deqradation, as a function

of a normalized- channel spacing (or Epectral .efficiency ),
is shown in Fig.4.6(b): where the normalized channel;spécing
is expressed in AF/fb (i.e. channel spacing /bit.rate). The
performance of the SQAM modenm, for a hardlimited
multichannel system, 1is also COmpared'to‘those of OQPSK,MSK
and IJF-OQPSK modems.[11,16,27]. . The filtering ét:atggies,
uhicﬁ have been used for the generation of ' these results,
are summarized in Tabie 4.1. Note that for z&F/fb>80/l2QJ,
the SQAM modem outperforms all the other schemes  studied
he;e. It is also noticed that_the performance of MSK modem

without transmit filters is much worse than that with

- .transmit filters. This is so because the bandlimiting

3

filters in the MSK transmitter confine the bandwidth of the
transmitted signals, and raduce the ACI, Note that for the
larqge channel Spacings, ufha is, when AFyfb>110/120,' the

performance is getting close to the performance in a single

_T’QF;Rhel environment, and the ACI is predominantly caused.by

the spectral spreading of the modulated adjacent carriers.
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. Table 4.1 Filtering Strategies for Different Modenms .

84

Modem . Transmit Filter Receive Filter .
‘QPSK, aperture eqﬁalizer square-root raised-
OQPSK (x/sinx)1+ square-root | cosine filter.( =0.4)
raised-cosine filter
MSK Sth order Butterworth | Sth order Butterworth :
N - _ :
LPE:.(fquBfS/Z). LPF.'(f3d5=fs/2} ﬁ
z - ;
SQAM Nil 5th order Butterworth !
(1JF-OQPSK) LPF. (£545=£s/2) I
4.2.5 Desired Signal

‘In our-study,

channel)

- Effects of Fade Depth on the’

sutfers fading due to the rain in the uplink,

we assume that the desired signal ( main

and

the fade‘depth is varied from 0 dB to 14 dB with different

channel spacings. The P(e) perfdrmance results of the SQAM

modem for different fade depths are shown in Figs.4.7{a)



' . "85

and (b).. for chénnel_spaciggsidF-bo and 100 MHz. The P(e)_
‘berfarmance_degradation as'a function of the fade depth are
shown iﬁ Figs.4.8(a),(b}, and the perform;hce of SQAM modem
is-coﬁpare@bto those of OQPSK , MSK and IJF-OQPSK modems.
Note that SQAM modem'followed\by I1JF-OQPSK modem outpefforms
the other modems for ever& fade depth. This can be gxplained
from the fact that the out-of-band energy of &5QAM signal,
for :linearly and .nonlinearly amplified systems, is .much
lower than those of other signals. [ Refer to Figs.2.10(a)
and- (b).] Thus, the SQAM signal causes less ACI compared to
‘other signals. It is also noticed that in a narrow channel
spacing or at low‘ levels of faae deptﬁ, the OQPSK modem
outbefforms the MSK modem. This is so because in MSK the
sidqlobe roll-off is fas;er, but ifé mainlobé bandwidth is

. ' {
50 o4, wider than -that of OQPSK. Note that 1in the ACI

environment, the performance of ‘MSK modem without transmit

filter is ‘much worse than that with transmit filter -,
especially at high levels of fadé depths, or ;ith' narrow
channel spacing. Simulated eye paﬁterns of the demodulated
aﬁd filtered MSK , 1JF-0QPSK and *SQAM siénals are shown in

Figs.4.9(a), (b} and (c) respectively.

A J
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4.2.6 Effects of CCI on'Ple) Per formance of SQAM Modems
- E . : ) oo \
. ~ a
N o
In a frequency-reuse communication system r£o-channel
iqterferehce (cCl) -is’ one of the major %ﬁ%rcek of the
perfo;hance impaifment.[13:1§%17]. A simﬁ;ation deei éf I
co-channel system is show;,?; Fig:4.10, while';:s Ergq?ency
aliocation_is shown in Fig.4.11l. In this \;Emuli%ion,. an
interfering 'channel, centered: at ;he same ‘carrier freqtiency
as the main channel (i.e, AF=0), is int:oduced: a Sth
order phaée-equaiiied Butterworth LPFs are used in the § rf
réceiberl The P(e) performance}results of the §QA&.modem t
different levels of main-channel carrier-to;coéhannel
interference'(cyl) ratio, are shown in Fig.4.12. .The:P(e)
performance degradation of the SQAM modem, .aslg fuﬁctiow 6?
C/1 ratio for different BT g product, is ;gown in Fig.4.13.
It is noticed that Isi ,in addition to CCI, %is alsc a major

-
source of the performance impairment. The P{e) perEO{maqu

degfadat%on of the SQAM modem as a Eu;ction of C/1 ratio ig
compared to those of OQPSK, MSK and IJF- OQPSK modems in
Fig.4.l4. Note that SQAM outperforms all the other modems
studied here. It is also noticed that .MSK modem without
transmit filter outperforﬁS“the one with. a transmit filter.
This is so because as the bandlimiting of the filter
becomes severe,_the 151 increases, thus, the performancg is
degraded in a CCI environment. [ Refer to Fig.3.13 and

eq.(4.12)'.]
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Chapter V-
. ' RECOMMENDED FURTHER RESEARCH

4
L )

For a gooqupower efficieﬁcy, a constant envelope
~modulatjon tecﬁn%que may be preferable, and this leads to
the use of. frequency modulations. In FM schemes , to narrow
the .power spectrum, a pulse shaping filter (i.e.
premodulation filter) prior to the f{equency modulator is
required. In TFM {or CORPSR), a premodulation fifter,
composed of a correlative eﬁéoder and an aperture -equalized
raised-cosine filter, is used to achieve smooth phase
transitions ,and thus good spectral properties . -However
the implementation of the filter is complicated. The impulse
;esﬁonse of the premodulation filter in TFM is shown in
‘Eig.5.l, and the block diagram of TFM transmitter is shown
in Fig.5.2, . //H\f
In_SQAM, the phase is a smooth function of time, and
correlated between the consecutive symbols. {Refer " to
secffgn 2.2. ) The impulse resﬁonse of SQAM signal encoder
s{t) is shown in Fig.2.1.(b) , where its generation .is quite

-

sﬁmple as shown in Fig.2.3.
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19(')‘ ”/tm '

t

rig.5.1 Impulse response of

Aperture-
requallzed - - - - -Correlative
RCOS filter(a) Encoder

!
NRz | ! TFii signal.
L H(w) S{w) t = VCO
data 1n, :
I

; G(w) szn[w t.;é(fii

premodulat;pn filter.

Fig.5.2 Block diagram of TFi transmitter.

In SQAM, the phase behavior is very similar to TFM for
A=1.0, and similar to CCPSK[20] for A<1.0. Hence, if we use
the SQAM signal encoder as a premodulation filter in digital
FM scheme, ihe resulting frequency modulated signal will
retain é“constant envelope and good soectrai proberties.

F1g .3 shows the suggested block diagram. .



" NRZ © | premodulati-n - veo. ) Fil signal
data in filter :s(t) :

out,

( s(t) : Impulse response defined in eq.(2.3). ) -

Fig.5.3 Digital FM transmitter combined 'with SQAM encoder.

- hd '
o

e

’

In order to improve further the spectraY properties of .

the SQAM signals, ' 'duco-binary SQAM technique', where SQAM
baseband signal processing is combined with the duo-binary (
1+D ; class I) technigue [21], is suggested. A duo-binary

SQAM encoder is composed of a SQAM encoder and a duo-binary

encoder. The block diagram of a duo-binary SQAM encoder is.

shown in Fig.5.4. The power spectral density function of the

duo-binary SQAM signal is derived and plotted in Appendix B.

This result shows that duo-binary SQAM signals provide a

lower out-of-band energy' and a faster spectral roll-off,

compared to conventional SQAM signals.’
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a T | §b , ey .
tox | Duc~binary l k}_J SQAL 1!
Zncoder, . ! EZncoder. .
{
Hy (£) 3(£)

Block diagram of Duo-binary SQAM Encoder.

Fig.5.4

-

A further study of modulated duobinary SQAM signals, being a

1

overlapping

similar approach to the previous chapters, could lead to

additional valuable results.
extension of the pulse

We also suggest an.
interval (i.e. multi-symbol interval) in SQAM systems,

partial response{25]) SQAM for a better power spectrum.

P

or a



Chapter VI . o St
CONCLUSION

A speétral-and.boﬁer efficient modulation technique- SQAM
has been introduced. In SQAM: by superposing twO"baséband
wvaveshapes which have different symbol- intervalé and
weighting factors, a good power and spectral efficiency was
achieJed.

In -the first part of this thesis, ' a ﬁower spectral
Jdensity function of the SQAM signal.was-derivea, - and the
spectral characteristics znd -the Ple) performance in a
single-channel environment were compared with those of
other schemes. Experimental and simulation results showed
that SQAM signals have"%ignificant spectral advaniages over
QPSK, OQPSK and MSK signals and better P(e) performance than
other constant envelope modulation schemes , such as MSK and
TFM. '~ In SQAM, the envelope fldctuation and péwer spectrum
can be controlled to minimize the. P(e) 'performance
degradatio? in a particular operating environment, by

adjusting the amplitude paraméter A.

In the second part of xhié thesis, the pgrformanée of a

SQAM modem, in a nonlinearly amplified multichannél

environment, in the presenée of AWGN, 1ISI, ACI and/or.CCI,

- 100 -



i ) 101
was invesgigate§ and compared to .those of OQPSK, - MSK and
IJF-OQPSK modems. The effects of ACI and CCI on  the
performance-df SQAM modem wvere investigated under different
channel conditions, such'as different channel spacing,
filter bandwidth symbol duration product kBTS) and flat
fade depth. It has been found that our SQAM modem
outperforms OQPSK, MSK and IJF-OQPSK modems for certain
system environments, and that ACI is one of the major
sources of the perforﬁance impairment of ﬁultiéhénnel
éystems, especially under flat fadings. It was also found
that‘;ﬂe proper selection of m;dulation techniques, type of
modem filters (transmit and receive ) and iheir BT, values
can minimize the degradation of Ple) performance caused by-
ACI or CCI. |

These desirable perfor@ance' characteristics, combined
with the simple hardware implementation of SQAM modems, may
lead to numerous satellite and terrestrial, radio systeﬁg

applications.



Appendii A
DERIVATIO!_Q OF THE PSD OF SQAM SIGNAL

-( EBEquation (2.22) in Chapter 2. )

The impulse method [19] is ~:h§p1i;h to derive the
frequency spectrum of the SQAM baseband gignals. Tﬁis
method uses tbe differenﬁiation and the time domain shift
properties qgﬁthg Fourier fransform. In (2.3) and (2.4), a

SQAM double-interval pulse is defined as :
s(t)= g(t) + d(t) . (A.1)

First, consider the double-interval raised-cosine pulse g(t)

of the SQAM signal :

g(t)={l/2 (1 + cosnt/T.) ItisT
0 | It T (A.2)

( See - Fig.A.l. )
Now differentiate the pulse g(t) a sufficient number of
times to produce impulse functions. The derivatives of g{t)

with .respect to '"t' are given by :
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. n 't
— {1 4+ cos —)/2

* LT |
A d g(t)/at nt
-1 sin

>
:

Y a2g(t)/at? 2 nt

-3 cos — .
N | e
/-Ts ; / TS \ .
' —_ {

27T

S ndjg(t)/dt3 23 nt
2 2 3 5 N : "sin
™ /21 "/ZT* < 2’ T, ™
- 4 4 Ao
“Ts L | Ts .
_nz/gTsz

Fig.A.1. A double—interval\kaiséd-cosine pulse and
its first three derivatives, '
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-ﬁ = S1n T; ltI < TS
dg(t) _J
dt - . . .
0 t] > T (A.3)
2
. -7 LA
] ) . CcOS — €] < T
aq (0 ={ 212 Ts s
de” 0o el >, . (a4
o —3"3 sin 2% - -.-2-“2 [6(t-T_) - 6(t+T )]
agey _§ 2T  Ts 2 s s
FRER s . S [t] < T
t 5
0 [t] > T (.-;‘. 5) .
From eq. (3) and (5)° '
2 2 : ,
3 . "2 . Qgét) + “2 [6(t+T ) - G(t-Ts)] ’ B )
dg(t) T, 21 S .
FJ - .
dt . [t} = T,
0 [t] > T (48
(
: ¥ g .
From differential and time shift properties of the Fourier trans-
n + .
forms (i.e., F{ d—gé—t)—- } = (jzﬂf)nA(f) and F {a(t - to)} =
-j2nft ' : .
Jemit,
A(f)e ), we can rewrite (6) as:
.2 ' 2 j2qfT ~j2£TnR
(3216)°G(£) = -Iy (32:4£)G(F) + Ty (e | S - > 5
T 2T
s
' 1T2 2
= == (j27£)G(£f) + T— (j2)sin2q£T a7
2 27 S 2 )

=] S

”
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H
_Solv1ng for G(f), we find the frequency spectrum of ‘the double-

1nterva1 raised-cosine pulse to be:’

. .2 2 ] ' . ’
stef-2r6)> + Ly (226)1 = T3 - sin2rET ' (a8)
Ts * Ts
( - L]
: 112/'.['2 sin2n €T
S GUE) = = S > — S "
m /T5 - (2nf) 2nf . -
Ts sinanTs _ .
= ¢ . . ' (.':'Ln 9)
1l - 4f2T2 27£T ' - .
S s

Now let's -derive the frequency gpectrum of the weightéd single-

interval raised-cosine pulse d{(t) shown in Fig.&.2.-

d(t) = 's -G N

7 {-};_A (1 -cos 228) Jef < T
0 ] > 1, (4.10)

The derivatives of d(t) with respect to t are given by:

o lel > T, (~.11)
. el (—2-1)2 cos 22t je| < T
-2 Ts S TS - s
a%a(t) ={
dt , -
S0 ' fel > T {(~.12)



d(t) ‘
L 27t
) {‘ /-(1-A_') (1 - cos —)
. . .
é d(t)/dt*-l 2w ont
—-z(l-A)—‘Sin -
s -/ Ts Ts
Y 1-p 2
s2 T}
.. S} a%a(t)/dt?
- . 3 2
' » - ;:A(g_r[_} cos 2nt
,'.,. S
\
% 1-4) 20,
T 3 3
d d(t)/at

/\ AN
1V Vi,
3
2 l-A.(g_E._ 2nt

) sin =5~
_ 1A 27! z\'TT) ST
2 T,

Fig.A.2. A weighted single-interval raised-cosine pulse
and its first three derivatives. L

_
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. 107
& ! ‘
-1-A (g—"-)z'{ 2% | gin 2%t 4[5 (t-T) - s{e+T#1V|t] < T
d3d(t) ={ 2 Ts Ts ' [ -8 ‘ S ) s -
att _ o : : le] > T, (3;13)5
From eq. (11) and (13)
.f“ |
Cat) | _2ry? ade) 1A 205y - osieen)) (A.14)
at Ts dt ‘ 2 TS N-] s M

From properties of Fourier. transform, eg. (14) can be rewritten as:

' | ?
27 1-% 27, 2

(5276)°p(e) = -(2D) (324£)D(£) - 2 (jz)sininf'rs " (4.15)
S. .’s , .

Solving for. D(f)

& ) 3. 2 2 27 2 S
D(£) [-(27£)" + (5-) 2rf] = -(l—AXTrJ sin27£T,
‘ R ;S ) S )
D -aem(2a/r)? sin2efr :
. D(f) = ) 5 " (2.16)
. ) T (21T/Ts) -{2a£)" ™ 2nf .
: 02 \
~(1-A)T_  sin27fT_ r- \
2 2 _//‘)'
- | 1 -f¢£ Ts Zﬂf'l‘s . .‘,
14 . -
As the frequency spectrum of s(t) is given by:
e S(f) = G(f) + D(f) - > (A.17)
. : T (A-l)Ts sinanTs
. S(f) =( 2 5 2 + 2 2) (~.18)
.1 - 4f°T 1 - £97%0 2qfT .
s s s
and

5(0) = AT . (4.19)



- Therefore the normalized PSD function of the SQ4% signal

s{t) is : \
IO A2 1 - aglrl Q- £or 2riTy
\
[

-~
b S )

YT Rl .



. s - . Appendix B
' POWER SPECTRUM OF DUOBINARY SQAM

B.1 ,DUO-BINARY ENCODER

“~

-t

The block diagram of the duo-binary encoder is shown in

Fig.B.l..
.. . ~
{ak} .‘I . +
TS

*

-Fig.B.l. .‘Block_d{agram of the Duo-binary encoder.

where
a, = 1 with equal probability
T, = one symbol interval delay;line (D flip/flopl.
and
b =3 T3 ' '(é'l)
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B.2 POWER SPECTRUM OF DUO-BINARY SQAM SIGNALS

, -’
. "

Let the Duo-binary encoder have an impulse response hl(t)

shown. in Fig.B.2.

-

ay v ; b

hy (t) i—'—"“,[ s(t)

! .
. > Cy

Fig.B.2. Impulse response of the Duo-binary SQAM encoder

From {(B.1l), hl(t) is given by :
RSN
hy (t) = §{t) + §(t-Tg)

@

{B.2)
where

§(t) : Dirac delta ﬁunction.

Therefore, the transfér function Hl(f) is expressed as

Hy (f) = Fin (t)]

. &y
=1+ e T3S (8.3)

r -

-

I
The impulse response s(t) and transfer function S(f) of the

SQAM encoder are given in (2.3)° , (2.4) and (2.23).

Therefore, the overall transfer function V(f) is given by

f
V(£) = Hi(£) S(f)
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111
.- o _J'znf: __1___ "— M - 1
: =Tl e N2 o
- . S \ S :
. . ' 4 (334)
sinZNfTs .
* (78T )
\-z{ﬁ"d\ . S
V(0) = 2ATg 3 ~ (B.5).

-——
v

The normalized PSD function of the Duo-binary SQAM signal is

given by :

2 l+cos2nriT A o= ] .
IV(E)© oszmril 1 A 1 2

vl T oz o ze2 T .22 )

24 1-47_"1 . 1~

2nfTg ]
cosnfl_ , 1 PO >
= ro( > - 7 PP
AT T I=NT T B Y 4
sinznfT_ 2
x { ' ) ‘ ,
L U (B.6)

where A is the amplitude parameter of SQAM signal.

The normalized PSD is plotted in Fig.B.3. It is noticed
that Duo-binary SQAM signal has a lower out-of-band energy
and a fasger spegtral roll-off, compared to the conventional
SQAM signal. Note that Duo-bin?ry SQAM signals have a lst

spectral null at the Nyguist frequency (i.e. f = £./2).

w
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L 1.3

" Appendix C

PROGRAMS TO SIMULATE PERFORMANCE OF SQAM MODEM

The following .programs are used to simulate the

performaase of the SQAM modems, #n an AWGN single- channel
. [ ]

( linear and nonlinear . ) environment and in a nonlinear
multichannel environment. The data source is an

equiprobable NRZ signal with a bit rate of 120 Mb/s. The

simulation here is based on the eguivalent baseband concepts

of the modulated system. .. In the simulation, the earth

station HPA ( shigh power amplifier ), operating in the

saturation mode, is approximated by an ideal hardlimiter.

Using this simulation , the P(e) performance of the required -

system model can be evaluated, and power spectrum
eye-pattern , waveshape, phase transition and signal state-

space diagram can be obtained. The simulation models, in a

single>~channel environment and in a maolti-channel

'

environment, are .shown in Fig.3.9 and Fig.4.2(or Fig.4.10)

respectively. ‘ -
This program was developed from our available software
computer simuiation systems called COMSIM ,which was

developed at the Digital Communication Group of the

" University of Oftawa. T
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C
- c
C
C
C

NnOn

oo

¥

. COMMON ‘ _ LDIM, 1OFF

COMMON/PARA /LSAMPL , NSYMB,NO1 ,NO2, BAUD, SBANDW

COMPLEX TF(2048), TF1(2048} TF2(2048) TF3(2048) TF4(2048)

COMPLEX _ DATA(2048) ,DATA1(2048) -

DIMENSION PEI (25),EBNO(25), IPNI(128) IPNQ(128)

DIMENSION IWK(12),PO(65),IPNIl(lZB),IPNQl(lze)

DIMENSION XARRAY(27),YARRAY(27),APEI(25)

COMMON ' JAA/A
INITIALIZE _PROGRAM.

IOFF=8

.ICEL=4

NSYMB=128

LSAMPL=16

BAUD=60.

FOF=0,

DATA . Coo NSNR/25/

DATA ' NRUNS/4/

DATA FBW1,FBW2, FBw3 FBW4/33.0,30.0,40.0,40.0/

DATA ALPHAl ALPHAZ/O ,0.4/

SBANDW=FLOAT ( LSAMPL } *BAUD
LDIM=LSAMPL*NSYMB .

NOl=LDIM/2+1
NO2=NQ1+1 . )
END OF INITIALIZATION.
START OF . COMPUTATIONS.
A=0,60 ' . , ’
DO 500 KM=1,NRUNS
A=A+ _10 . ‘ .
CALL LOAD4 (DATA,1PNI, IPNQ)
CALL - BUT{TF,FBW1, ICEL)
CALL ' -HLIM(DATA)
CALL RCOS{SBANDW,FBW2,TF,ALPHAl,LDIM, FOF)
CALL ENERGY(DATA,EB, BAUD)
CALL FILTER(DATA,TF)
CALL HHGG (TF, PNOISE)
CALL , DECOD4 (DATA{ PNOISE, IBNI, IPNQ,'
4EBNO, PEI ,NSNR,EB) :

DO ) 5 1=1,NSNR
PEI{(I1)=PEI{I)/FLOAT{NSYMB)

EBNO({I }=FLOAT(I)
WRITE(6,150) .

FORMAT{5X, 'EB/NO' ,10X, ' PROB. OF.  ERROR', /)

)
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// JOB , 'SEO13',CLASS=J
-/ . EXEC * . PLOTG,FORM=0111, PARM.GO=\§1 ZE=250K ' , TIME—S
//FORT.SYSIN DD
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PROGRAM TO SIMULATE THE P(E) PERFORMANCE OF SQAM MODEM IN
AN °  AWGN SINGLE-CHANNEL ENVIRONMENT. .
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-

. WRITE(6,172) ' (EBNO(1),PEI(I),1=1,NSNR}
172 N FORMAT({S5X,F5.1,10X,E13.6)
DO 99 . I=1,NSNR
. XARRAY(1)=EBNO(I)
99 YARRAY(I)=PEI(I)
CALL DRAW(XARRAY, YARRAY, NSNR-, KM, NRUNS)
500 . CONTINUE
: STOP
END

C****t**tt**************************************************

C THE FOLLOWING SUBROUTINE PERFORMS' THE FILTERING
C PROCESS ON THE - DATA SEQUENCE.
C*******2;****************t*************tt****?***t*t******f
SUBROUTINE FILTER{SIGNAL,TF)
COMMON / LDIM, IOFF
COMPLEX . : SIGNAL{1),TF(1)
DIMENSIGON' . IWK(12) -
CALL FFT2C(SIGNAL,11,IWK)
DO s 1 ) 1=1,LDIM
1 . * GIGNAL(I)=CONJG{SIGNAL{I)*TF(I))
CALL . : FFT2C{(SIGNAL, 11, IWK)
DO 2 I1=1,LDIM
2 STIGNAL(I)=CONJG{SIGNAL(I))/FLOAT(LDIM)
RETURN

END

c*********f*************************************************

C THIS SUBROUTINE COMPUTES THE EFFECTIVE NOISE (PNOISE)
C AT THE OUTPUT OF THE RECEIVE FILTER
‘c*******t*******t*******t************t****t**************t**
SUBROUTINE C HHGG (TF,PNOISE)
COMMON LDIM
COMMON /PARA /LSAMPL ,NSYMB,NO1,NO2, BAUD, SBANDW
COMPLEX i TF(1)
SUM=0.0

DO 1 L=1,LDIM -
HH=(CABS{TF (L)) )**2 .
1 . SUM=SUM+HH
PNOISE=SUM*SBANDW/FLOAT (LDIM) /2.
PP=PNOISE*2./BAUD
RETURN ‘
END
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'Ct************************i*****************ttt*************

C BIT - ENERGY ' COMPUTATION
C**t************t******************************t**t***f**tt*
SUBROUTINE - {ENERGY (DATA,EB)
COMMON LDIM
COMMON/PARA/LSAMPL,NSYﬁh NO1,NO2,BAUD, SBANDW
COMPLEX DATA(1)
WATTS=0. .
DO ¢ "~ 1=1,LDIM
WATTsawATTs+((CABS(DATA(I)))**2 )
| CONTINUE
WATTS=WATTS/FLOAT(LDIM) F\\J
EB=WATTS/(2.*BAUD)
RETURN
END

a——

C************t*******t************************tt**************

SUBROUTINE HLIM(DATA)

C**f*********************t************************************

COMMON LDIM
COMMON/PARA/USAMPL NSYMB,NO1,NO2,BAUD, SBANDW
COMPLEX DATA(1)
DO 10 . I1=1,LDIM
10 DATA(I) DATA(I)/CABS(DATA(I))
RETURN :
END

r
C***************************i********************************

C TRIS SUBROUTINE DECODES =~ THE PROCESSED . DATA

c******t*********************t******************************t

SUBROUTINE ‘ DECOD4 (DATA,PNOISE, IPNI ,IPNQ,
$#EBNO,PEI ,NSNR,EB) ' . ,

COMMON LDIM, IOFF

COMMON /PARA /LSAMPL,NSYMB,NO1,NO2, BAUD, SBANDW

COMPLEX DATA{(1l),AMP -

DIMENSION EBNO(1),PEI(1),IPNI(1), IPNQ(l)

DATA NERROR,NOLD,NOF,NN,MI,MQ/0,0,0,0;1,1/

1F {IOFF.EQ.0) GO TO 111

DO 9 Kel,IOFF

XX=AIMAG(DATA(1l)) SR '
LD=LDIM-1 .

DO 5 KK=1,LD

5 DATA (KK ) =CMPLX (REAL(DATA (KK) ) ,AIMAG(DATA(KK+1)}}

9 DATA{LDIM)=CMPLX{REAL{(DATA (LDIM) ), XX)

C : SYNCHRONI ZE THE RECEIVED . -DATA

111 . , LFU=2*NSYMB

300 DO 10 . K=1,LDIM
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_ NEW=0 , .
DO a 200 J=1,NSYMB
Jl=K+{J-1)*LSAMPL
IF(J1.GT.LDIM) J1=J1-LDIM
XB=REAL(DATA{J1))

- YB=AIMAG(DATA(J1l))
IF (SIGN(1l,,XB).EQ.IPNIL(J}) NEW=NEW+1
1F (SIGN{1.,YB).EQ.IPNQ(J)}} NEW=NEW+1

200 : CONTINUE
IF (NEW-NOLD) 399,12,13

12 NN=NN+1
GO : :TO 10

13 NN=0
NOLD=NEW
NOF=K
GO : TO 10

399 IF({NOLD.EQ.LFU} GO TO 400

10 CONTINUE

400 NOF1=NOF+NN/2
WRITE(6,60) : NOF1

60 FORMAT(SX *SAMPLING. TIME IS DELAYED TO ,',12,

s’ SIXTEENTHS OF THE SYMBOL INTERVAL', /)
IF (NOF1.EQ.0) GO TO 230
" LO=LDIM-1
DO 250 . I=1,NOF1l
AMP=DATA(1l) ) ‘
DO 240 J=1,L0O
DATA(J)=DATA(J+1) '

240 CONTINUE
DATA(LDIM)=AMP

250 CONTINUE

230 EQOI=FLOAT(NSYMB)+1.

' EOQ=FLOAT{(NSYMB)+1.
SNR=PNOISE*EB/5.
SIGMA=SQRT(SNR) ,
DO : 110 J=1,LSAMPL
EI=0.
‘EQ=0.
DO 100 ) K=1,NSYMB.
J1=(K~1)*LSAMPL+J
AXBAR=(REAL(DATA{J1) )+REAL(DATA(J1+1)))/2.
AYBAR= (AIMAG(DATA(J1))+AIMAG(DATA(J1+1))) /2.
IF(SIGN{1l.,AXBAR) .NE.IPNI(K))} EI=EI+1l
IF{SIGN(1l.,AYBAR).NE.IPNQ(K))} EQ=EQ+1
ARGI=ABS{AXBAR)/SIGMA
ARGQ=ABS(AYBAR)/SIGMA
EI=EI+ERFC(ARGI) /2.
EQ=EQ+ERFC (ARGQ) /2.

100 CONTINUE
IF(EOI.LE.EI) GO TO 120
EQI=EI
MI=J

120 CONTINUE

GO TO 110

IF {EOCQ.LE.EQ)
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110

160

lel

2
C
C
C5
C
C150
C
Cl51
C
€152

EOQ=EQ : '

MQ=J
. CONTINUE
MOFF=IABS (MI-MQ)
IF : (MOFF NE.O) WRITB(G 160) MOFF
FORMAT(5X 'SAMPLING POINTS FOR I AND Q CHANNELS DIFFER BY',
$12, SIXTEENTHS -OF THE SYMBOL INTERVAL', /)
MOFF-(MQ+MI)/241
OFF = (FLOAT{MOFF ) +FLOAT{NOF1) ) /FLOAT{LSAMPL)
WRITE(6,161) OFF
FORMAT(5X, "RECEIVED DATA IS DELAYED BY ',E9.3,' SYMBOLS',/)
DO 2 . . K=1,NSYMB
JI=(K-1)*LSAMPL+MI .
. JQ=(K~1)*LSAMPL+MQ
" AXBAR=(REAL(DATA(JI))+REAL{(DATA(JI+1)))/2.
AYBAR=(AIMAG(DATA(JQ))+AIMAG(DATA(JQ+1 )Y/2.
INDEXX=0 ,
IF(SIGN(1.,AXBAR) .NE.IPNI(K)) , INDEXX=1
INDEXY=0
IF(SIGN(1.,AYBAR) .NE.IPNQ(K)) INDEXY=1
IF({INDEXX.EQ.1).0R.{(INDEXY.EQ.1}) NERROR=NERROR+1
COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL
DO 4 M=1,KNSNR
XM=FLOAT (M) /10.
SNR=PNOISE*EB/(10.**XM)
"SIGMAx=SQRT(SNR)
ARG= (ABs(AxBAR))/(SIGMAfSQRT(z.))
IF , {ARG.GT.12.) . ARG=12.
EX=ERFC(ARG)/2. i '
IF (INDEXX.EQ.1) EX=1.-EX
ARG=(ABS (AYBAR) ) /(SIGMA*SQRT(2.)) “~
IF " {(ARG.GT.12.) . ARG=12.
EY=ERFC(ARG)/2. -
IF {INDEXY¥.EQ.1) EY=1.-EY
IF ({EX.LT.1.E-15)  EX=0.
IF (EY.LT.1.E-15) "EY=0.
PEI (M)=PEI (M)+{ (EX+EY)/2.)
CONTINUE
DO 5 I=1,NSNR
PEI(1)=PEI(1)}/FLOAT(NSYMB)
. EBNO(I )=FLOAT(I)
- : WRITE(6,150)
FORMAT(5X, 'EB/NO', 10X, ' PROB. OF. ERROR', /)
WRITE(6,151) © {(EBNO(I),PEI(I),I=1,NSNR)
: FORMAT(5X,F5.1,10X,E13.6)
WRITE . (6,152) NERROR
FORMAT(/SX ERRORS="',15,/)
RETURN
END
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C**t*******T***************t**********************************

c EQUALI ZED BUTTERWORTH FILTER
c****t***********&*****t*********t***t************t*******t***'
J
SUBROUTINE _ BUT(TF,FB,1CEL)
COMMON v LDIM 10FF
gonnon/pARA/LSAupL NSYMB NO1,NO2, BAUD, SBAND
COMPLEX *s_____TF(l)
Al=1l./NSYMB '
FBNOR=FB/BAUD
TF(1)=CMPLX(1.0,0.0) .
. DO _ 10 I=2,NO01
» JelI-l
A2=1, /SQRT(l +(A1*FLOAT(J)/FBNOR)**(2*ICEL))
10 TF(I)=CMPLK(A2 0.)
DO . . 20 . I=NO2,LDIM
20 : | TF{1)=TF (LDIM+2-1 )3
RETURN .
END

"\ . - 7 -

C**i*t********************************t********t***************

C THIS SUBROUTINE GENERATES TWO CHANNELS OF -SQAM SIGNAL.

C**************************************************************

SUBROUTINE - 5 ' LOAD4(DATA, IPNI, IPNQ)
COMMON LDIH IQFF
COMMON /PARA/LSAMPL ,NSYMB, NO1,NO2, BAUD, SBANDW
COMPLEX DATA(1)
DIMENSION NX(7), NY(?) IPNI(1), IPNQ(l) RI(16) ,RQ(16)
Do 3 1=1,7

3 Nx(I)-—l
NY(l)=-1
NY(2)=-1
NY(3})=1
NY(4)=1
NY(5)=1
NY(6)=1
NY(7)=-1
DATA JLAST/?7/
I=0
J=6
KKK=2**JLAST ..

DO ) 1 K=1, KKK
c . GENERATING ONE SYMBOL.

IF {1.GE.JLAST) I1=0

IF (J.GE.JLAST) J=0

I=1+1

J=J+1

NX(I)}=NX(J)*NX(I)
NY{I)=NY{J)*NY(I)
IPNI(K)=NX(I)

IPNQ(K)=NY(1)
- 119 -
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C . . LOAD INTO THE ARRAY TO BE FOURIER TRANSFORMED.

DO ) . 10 & K=1,KKK
KM1=K-1 - Y. ¢
IF (KM1 .EQ.0) o KM1=KKK
MI=IPNI{(KM1) '
MQ=IPNQ{KM1)
CALL . SIG(MI,IPNI(K),RI)
CALL ' SIG(HQ IPNQ(K) RQ)
Jl=(K-1)*LSAMPL .
DO , 10 - _ , 1=1,16
10 DATA(J1+1)=CMPLX(RI(I), RQ(I))
1F s (IOFF.EQ.0) GO TO 20
DO 15 : I=1,I10FF
A=AIMAG(DATA(LDIM)) ,
DO 13 o L=2,LDIM
K=LDIM+2-L
13 ‘ DATA(K)=CMPL8(REAL(DATA(K)) AIMAG{DATA (K- 1)))
DATA(l)=CMPLK(REAL(DATA(1)) A)
15 CONTINUE
20 RETURN
END '

C ************************************************************

SUBROUTINE SIG(M,IP,R)
C *****************************************************t***t**

COMMON *’/ /AA/A

REAL R(16)

P=3.14159265/16.

IF{M.EQ.IP) = * GOTO 20

IF(IP.EQ.1) GOTO 10

DO 1 1=1,16
1 ' R(I)=COS{({1+0.5)*P)
| GOTO 40
10 DO 11 I=1,16
11 . R(1)=-cos((1+0 5)*p

GOTO 3
20 IF(IP.EQ.1) GOTO 30 -

DO 21 : I=1,16
21 o R{(I1}=-A-(1.0- Q)*cos(z (% (1+0.5)*P)

GoTo 40
30 , ‘ DO 31 I=1,16
31 \\\\EUI}=A+(l.O*A)*COS(Z.*(I+0.5)*P)
40 ) CONTINUE

RETURN

END

]
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4

DIMENSION : XARRAY(27) YARRAY(Z?) (9J Y(9)
IF(JCURV.GT.1) . GOTO
C : o
C «~ ESTABLISH " .THE P SURFACE AREA.
(o) Y ‘ . )
‘ CALL . PLOTS(30.0,27.5)
C o - .
C ESTABLISH . THE - ¥ ORIGIN.
C: . ' : .
‘ CALL PLOT(3.0,3.0,-3)
C : : ) . i ' .
‘ c DRAW THE LOGARITHMIC Y-AXIS.
.C \ . . R
CALL LGAXS{0:0,0.0,20HPROBABILITY OF ERROR, 20,18.,,
+90.,1.0E-B,.4)
c. .
C DRAW « . THE- LINEAR X-AXIS.
C
CALL 0,0.0,11HEB/NO IN DB,-11,
C
C  WRITE THE *TITLE - OF THE GRAPH.
C : : -’“ .
- CALL SYMBOL( 23.0,0.49,14HSQAM BER CURVE,0.0,20)
C PLOT THE IDEAL "’ CURVE,
Do 5 . - J=1,7
N JJ=J+5 . :
X(J)=FLOAT(JJ) . -
5 ¥Y(J)=.5*ERFC(SQRT(10.**(.1*33)})
X(8)=6.0 . .
X{(9)=1.0 ?
Y(B)=1.E-8
C CALL NEWPEN(2)
CALL LGLIN(X Y,7,1,0,0,1)
2 . ) : : ~ CONTINUE
-:i*-__' ' . T
. C ) PLOT THE . DATA IN LOG-LINEAR MODE.
o ..
g=NSNR ' ; A .
‘o] : 1 K=1,6M
KK=K+5 o ' ' ) _
IF(KK.GT.M)" , - ) KK=M
XARRAY(K)=XARRAY(KK) -
YARRAY (K)=YARRAY{KK) . . o J
IF{YARRAY(K).LE.1.0E- 8) GOTO . 3
GOTO ' 1
3 S ’ M=K-1

C

. . v
C*************************************************************

THIS SUBROUTINE DRAWS PROBABILITY OF ERROR CURVES FOR

P(E) AS LOW AS 1.0E-8 AND A C/N RATIO AS HIGH AS 30 DB.
CFR kAR AR AR R AR R IR I KRR RRRR AR ARRARNR AR AR I IR R IR Ik A

SUBROUTINE DRAW(XARRAY, YARRAY ,NSNR,JCURV,JLAST)
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GOTO X ' | - . 4

1 . , CONTINUE
4 CONTINUE
I=M+1 o
II=1+1
XARRAY(I}=6.0
XARRAY(II)=1.0

YARRAY(I)wl.E-8
YARRAY(11)=0.4 5 .
C o CALL NEWPE

N(1)
CALL LGLIN{XARRAY,YARRAY,M,1,0,0,1)
IF(JCURV, EQ JLAST)- CALL PLOT(0.0,0.0,999)
RETURN '
END - )

C******************t***t**#********************}************;
C RAISED COSINE FILTER WITH = ARBITRARY ALPHA

N C************ﬁ*******************f*t***********’*********'&***

SUBROUTINE RCOS (SBANDW, FBANDW TF ,ALPHA ,LDIM, FOF)
. COMPLEX ’ TF(1)
COMPLEX XX
COMMON . - /AA/A

Crexxxkk FF(X) IS THE INVERSE BASEBAND . SPECTRUM
FFR(X)=2.*X*{1.-(4./(3.141592%*2) )*(X**2)}/SIN(2.*X)

C - B(X)=(1.-A)/((%/3. 141592)**2 1.)¢C $ 1./(1,-4.%(%/3.141592)%*2)
C ' . FF{(X)=2.*x/(B(X)*SIN(2. *x)).
Q0=2. : ‘
NO=LDIM/2 \ .
NO1=NO+1 - i ‘-
IF (ALPHA.EQ.0) . ALPHA=0.0001

FN=LDIM* (FBANDW/SBANDW)
Fl=(1,-ALPHA)*FN
F2=(1.+ALPHA)*FN
IFN=1IFIX(FN)
IF1=IFIX{(F1l)+1 . .
IF2=IFIX(F2)+1 _
Al=3,.141592/(2. *FLOAT(IFN))
" TF(1)=CMPLX(1.0,0.0) - ’ )
DO 8 = 1=2,IF1
J=I1-1 :
A2=FF(FLOAT(J)*Al)
TF{I)=CMPLX(A2,0.0) _ .
B8 _ CONTINUE

JK=IF1+1 .
DO " - .9 . J=JK,IF2 ~ =
. I1=3-1 ) : L .
A3=QQ v .

IF(I NE. FN) A3= FF(FLOAT(I)*Al)

TF(J) CMPLK((O S*(1.0-SIN(
TF(J)=TF(J)*CMPL 0.0}



30
20
50

60
70

10

CONTINUE

JH=1IF2+1 . . . . :

Do 10 - I=JH,NO1

TF(I)=CMPLX(0.0,0.0} : i
CONTINUE

NO2=NOl+1 :

DO , ] S . 1=NO2,LDIM

TF(1)})=TF(LDIM+2-1)}

‘ . . « CONTINUE
IFOF=IF1X(FOF*FLOAT(LDIM}/SBANDW) . ;o '
IF(IFOF.EQ.0) RETURN
1F{IFOF.LT.0) _ GO : TO ' 50
DO. _ 20 K=1,IFOF
XX=TF (LDIM)

JJ=LDIM-1
DO 30 . 1=1,JJ
TF{LDIM+1-1)=TF(LDIM-I} '
CONTINUE
TF(1)=XX
CONTINUE
RETURN
IFOF=-IFOF
JJ=LDIM-1 .
DO 70 : K=1,IFOF
XX=TF{1) _ \
DO ; 60 I=1,J33
TF(I)sTF(I+1)
TF {LDIM) =XX S
' : CONTINUE
RETURN :
END

c******************************************ﬁ******************

C

GENERATES TWO CHANNELS OF = MSK SIGNAL

C**********T**************************************************

3=

L SUBROUTINE LOAD?7 {DATA,IPNI,IPNQ)
‘coMMoR LDIM, IOFF
COMMON/PARA/LSAMPL , NSYMB NO1,NO2,BAUD, SBANDW

COMPLEX DATA(1)

DIMENSION IPNI(1),IPNQ(1),NX(7),NY{(7),RI(16),RQ(16)}
DATA. NX(1), Nx(z) Nx(3) Nx(4) Nx(5) NX(6) NX{(7)/-1,-1,-1,

-1,-1,- 1,—1/
DATA NY(l),NY(2),NY(3),NY(4),NY(S),NY(G) NY(7}/~1,-1.1,
X 1,1,1,-1/.
IOFF=8
DATA - JLAST,J,1/7,6,0/
DO . 1 K=1,128
IF(I.GE.7) ' "1=0
IF{J.GE.7) J=0
I=1+1
J=J+1
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13

15
20

NX(I)=NX(J)*NX(I)
NY{I)=NY(J)*NY(I)
IPNI{K)=NX(I) -

IPNQ(K)=NY(1)

DO .. 10 ' K=1,128
CALL o : MSK{IPNI(K),RI)
CALL . MSK(IPNQ(K) RQ)
Jl=(K-1)}*16 i
DO 10 =1 16

‘ P DATA (J1+I)=CMPLX(RI(I) RQ(I))
IF(IOFF.EQ.0) GOTO g_
DO ‘ 15 I=1,I0F .
A=AIMAG(DATA(2048)) . :
DO 13 L=2,2048
K=2050-L

DATA(K)=CMPLX(REAL (DATA(K) ), AIMAG(DATA{K-1)))
DATA(1)=CMPLX (REAL(DATA(1)),A) '
’ - CONTINUE

RETURN
END

C***********t*************************************ﬁf**********

10

40

SUBROUTINE : MSK(IP,R)
C*************************t************t**********************
REAL ) .. R{16)
P=3.14159265/16. .~ -~
IF(IP.:EQ.1) . - - GOTO . ; 10
DO 1 I=1,16
S R(I)=-SIN{(1+0. 5)*p)
GOTO- ) 40
DO 11 I=1,16
R(I)=SIN((I+0 5)*p)
CONTINUE
RETURN
END
[}
LD
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// JOB - ~,"SEO E,CLASS=J .
N7 EXEC PLOTG, FORM=0111, PARM.GO="SI2E=250K' , TIME=5
/FORT.SYSIN DD *

C ***t**********tt***********t*****t*****;‘****t**t**********i*

‘ PROGRAM TO PLOT EYE-PATTERNS, WAVESHAPES, STATE-SPACE
C DIAGRAMS AND PHASE TRANSITIONS OF SQAM BASEBAND SIGNALS.

C *t****t!************t***i******t’t************t******t*******

COMMON . S LDIM, IOFF
COMMON/PARA /LSAMPL ,NSYMB,NO1,NO2, BAUD, SBANDW :
. » COMPLEX TF(2048),TF152048),TF2(2048),TF3(2048),TF4(2048)

(aXg AR

“SQMPLEX DATA(2048),DATA1(2048)
DIMENSION PEI (25),EBNO{25),IPNI1(128),I1PNQ(128B)
DIMENSION IWK(12),PO(65),IPNI1(128),1PNQ1(128)
DIMENSION XARRAY(27),YARRAY(27) ,APEI(25)
REAL t . TR(514)
COMMON B JAA/A

INITIALIZE PROGRAM.

‘IOFF=8
ICEL=4
NSYMB=128
LSAMPL=16
BAUD=60. : :
DATA _ NRUNS/1/
DATA FBW1,FBW2,FBW3,FBW4/33.0,30.0,40.0,40.0/
DATA | ALPHAl,ALPHA2/0.4,0.4/
SBANDW=FLOAT (LSAMPL ) *BAUD .
LDIM=LSAMPL*NSYMB ) ' .

NO1l=LDIM/2+1 . N
NO2=NO1+1 ,/’
C ' .
C START OF . COMPUTATIONS.
C
a=0.70 .
DO 500 KM=1, NRUNS
A=A+.10 -
CALL . . 1,0AD4 (DATA,IPNI, I'PNQ)}
CALL , ‘ TRAN (DATA, TR)
WRITE(6,100} J (DATA(I),TR{I),I=1,512)
100 y ] . FORMAT(SﬁﬁFlZ.?,ZOK,F12.7)
CALL HLIM{DATA)
CALL S BUT(TF ,FBWl, I1CEL)
CALL _ ) FILTER(DATA,TF)
C CALL EYEQQ(DATA,16,128,KM, NHRUNS)
C - CALL WAVSH2 (DATA)
C CALL . v SPACE (DATA,KM,NRUNS)
500 ' CONTINUE
STOP - .
END
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C***********************************************************

C - THIS  SUBROUTINE ~DRAWS THE WAVE SHAPE FOR
c : 2*64 BIT DURATION.
C*t*********************t***********************************
SUBROUTINE . WAVSH2(DATA)
COMMON : LDIM, IMOD, I10FF
COMMON/PARA /L,SAMPL ,NSYMB, NO1 ,NO2, BAUD, SBANDW
- DIMENSION DATA2(259) DATA3(259) ,MOD(2)
COMPLEX DATA(l)
C ESTABLISH THE SURFACE AREA,
. CALL : PLOTS(36.0,27.5)
C ESTABLISH THE ORIGIN
. CALL ' "PLOT (2. s 49, 5,-3)
c *WRITE THE TITLE OF THE GRAPH.
C DRAW THE TIME : AXIS.
CALL AX1s(0.0,0.0,1H ,-1,32.5,0.0,0.0,0.5)
C ‘ DRAW THE AMPLITUDE - AXIS.
CALL AX1S(0.0, -2.0,1H ,1,4.0,90.0,-1.0,0.5)
C " ESTABLISH THE SURFACE AREA.
C PLOT - THE DATA.
' 'DATA2(258)=0.0 .
DATA2{(259)=0.5 . o
DATA3{(258)=0.5 o t
DATA3(259)=8. : '
DO 4 ¥ KK=1,257
DATA2 (KK)=REAL(DATA(KK))
4 : DATA3(KK)=FLOAT(KK)
CALL LINE(DATA3,DATA2,257,1,0,0)
C ESTABLISH THE ORIGIN.
CALL 7z PLOT(0.0,-13.0,-3)
(ol DRAW : THE . TIME AXIS.
CALL AXIS(0.0,0.0,1H ,-1,32.5,0.0,17.,0.95)
o . DRAW “"THE AMPLI TUDE _ AXIS.
CALL AX1S(0.0, -2.0,1H ,1,4.0,90.0,-1.0,0.5)
C PLOT THE DATA.
DO KK=1,256
DATA2(KK) REAL(DATA(KK+256)) .

7 : DATA3 (KK)=FLOAT (KK)
DATA2(257)=REAL(DATA(1)) . g
DATA3(257)=FLOAT(257) ", -

CALL LINE(DATA3,DATA2,257,1,0,0

)
CALL, PLOT{(0.0,0.0,999)
RETURN
END
/7
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C*tt***t#*****q*t***********ﬁ***************t*****t*********

C " THIS SUBROUTINE - DRAWS THE EYE-PATTERNS FOR A
c , . ° SYMBOL B DURATION.
C*****tt*************t***t********t*************t*t*t*tt****
SUBROUTINE EYEQQ(DATA , LSAMPL ,NSYMB, JCURV; JLAST)
DIMENSION . DATA2(64) ,DATA3(64)
COMPLEX - . DATA(1)
~ IF(JCURV.GT.1) - GOTO * 3
C ESTABLISH THE SURFACE AREA.
CALL , ; * - PLOTS(20.0,27.5)
c ESTABLISH THE ORIGIN.
CALL' . - PLOT{3.0,7.0;-3)
C WRITE THE TITLE OF THE GRAPH.
CALL SYMBOL(0.0,18.0,0.49,16HSQAM EYE DIAGRAM,0.0,16)
C . DRAW THE TIME AXIS.
' CALL AX16(0.0,-6.0,1H ,-1,12.,0.0,0.0,3.0)
C . DRAW THE AMPLITUDE AXIS.
. CALL AX1S{(0.0,-6.0,1H ,1,1.0,90.0,0.0,0.60)
o PLOT - . THE DATA.
P=0.0 . .
JJ=2*LSAMPL _ ¢
3 : DATA2(JJ+1)=P
DATA2(3J+2)=0.6 N
DATA3(JJ+1)=1.0
DATA3(JJ+2)=3.0
M2=NSYMB/2 ,
DO 4 KK=1,M2
DO : 2 ' 1=1,3J
I1I=(KK-1)*2*LSAMPL+I]
© DATA2(I)}=REAL(DATA(II))} - :
2 : DATA3(1)=FLOAT(I}
~ CALL LINE{(DATA3,DATA2,JJ,1,0,0)
4 ) CONTINU
P=pP-4.0 : .
IF(JCURV.EQ.JLAST) CALL PLOT(0.0,0.0,999)
RETURN ' ' »
END
C **********************&************************************
C THIS ‘SUBROUTINE DRAWS SIGNAL STATE-SPACE DIAGRAMS.
C ******t********tt******************************t****t******
SUBROUTINE SPACE(DATA, JCURV,JLAST)
REAL - ‘ "X(2850),Y(2050)
COMPLEX . DATA(1)} -
IF(JCURV.GT.1) . GOTO 2
C ESTABLISH SURFACE AREA
CALL ' © PLOTS(30.0,27.5)
C ESTABLISH ORIGIN
CALL : PLOT(15.0,12.5,-3)
C " TITLE
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CALL SYMBOL(-6.0,12.5,0.49,13HSPACE DIAGRAM,0.0,13)

C DRAW AXIS
. CALL AX1S(~8.0,0.0,1H ,1,16.0,0.0,-2.0,0.25)
CALL AKIS(0.0.-B.O,}H 1 16 o, 90 0 -2.0,0. 25)
X(2049)=0.0 - , _
X(2050)=0.25
¥(2049)=0.0
Y(2050)=0.25 - .

C PLOT DIAGRAM -

2 : : ) . CONTINUE
DO . 21 I1=1,2048
X(I)=REAL{(DATA(I))

Y(I1)=AIMAG(DATA(I)) ,

21 CONTINUE.
CALL LINE(X,Y,2048,1,0,0)
IF(JCURV.EQ.JLAST) CALL PLOT(0.0,0.0,999)
WRITE(6,61) .

61 FORMAT(5X,' ---SPACE: DIAGRAM 1S REQUESTED ---')
RETURN , .
END :

J .

C *******ttt****t********************************************

C DRAW  PHASE TRANSITIONS OF SQAM SIGNAL.

C *********************************************’k*************

SUBROUTINE T TRAN (DATA,TR)
REAL X(514),¥(514),TR(514), B(514)
COMPLEX DATA(1)

C ESTABLISH THE SURFACE - AREA.
CALL PLOTS(36.0,27.5)

C ESTABLISH THE ORIGIN,
CALL - PLOT(2.5,13.5,-3)

o * DRAW THE TIME AXIS.

- CALL AXIS(0.0,0.0,1H ,~-1,32.5,0.0,0.0,1.0)

C DRAW THE . AMPLITUDE AXIS.

CALL AXI1S(0.0, -2,0,1H ,1,4.0,90.0,-2.0,1.0)
TR(513)=0.0
TR(514)=1.0

_ B(513)=0.5
B(514)=16.
DO 4 1=1,512
X(I)=REAL(DATA(I)) o
Y{(I}=AIMAG(DATA(I)) ‘
TR(I)=-ATAN(Y(I)/X(1))
B{I)=FLOAT(I) ;

4 : CONTINUE
CALL _ LINE(B,TH*S5)\2,1,0,0)
CALL - PLOT(0.0,9.0,999)
RETURN ‘

END
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// ' , " JoB - ,'SUN2’
/ gxeC PLOTG ,FORM=0111 , PARM.GO="'SI2E=500K
//FORT.SYSIN - DD .

C -
C
C

t*********t*****************t**************t**i***

CLASS=B
', TIME=5
' *

fkhkkkkkrkik

PROGRAM TO COMPUTE AND PLOT THE P.S.D~AND THE OUT-OF-BAND

ENERGY OF . SQAM BASEBAND

C *******t*t*******t*t***t****t****************i****

C

SIGNALS.

kkkkdikkhkk

COMMON - ’ . LDIM,IOFF
COMMON /PARA/LSAMPL ,NSYMB,NO1,NO2, BAUD, SBANDW
COMPLEX _ » DATA(16384)
DIMENSION PEI(ZS),EBNO(ZS),IPNI(1024),IPNQ(1024)
DIMENSION ‘IWK(IZ),PO(129),IPN11(1024),IPNQ1(1024)‘
DIMENSION XARRAY(27),YARRAY(27),APEI{25),TPO{129}
COMMON ' . /AA/A
C -
C INITIALIZE " PROGRAM.
¢ )
10FF=8
NSYMB=1024
LSAMPL=16
BAUD=60.
DATA NRUNS A2/
SBANDW=FLOAT(LSAMPL ) *BAUD )
 LDIMSLSAMPL*NSYMB
NO1=LDIM/2+1
NO2=NOl1+1
o . ‘
C START ’ OF COMPUTATIONS.
C
A=0.60
DO 500 KM=1, NRUNS
A=A+,20 ‘ :
CALL LOAD4 (DATA, IPNI, IPNQ)
CALL , ©  HLIM{DATA)
CALL SPECT(DATA, PO, TPO)
CALL [: DRAWS ( TPO, KM, NRUNS )
500 CONTINUE
- STOP .
END

C************t**********************************t***

'C THIS SUBROUTINE GENERATES BASEBAND SQAM

C***************************************************

EE2 X LR &R & &4

SIGNALS.

322222 8 5 & &)

SUBROUTINE LOAD4 (DATA, IPNI, IPNQ)
COMMON LDIM, IQFF

COMMON /PARA /LSAMPL , NSYMB, NO1, NO2 , BAUD, SBANDW
COMPLEX :

DATA(1)

DIMENSION NX(lO),NY(lO),IPNI(l),IPNQ(l),RI(lS),RQ(l6)

DO | 3
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10

13

15
20

: NX(1)=-1
NY(1l)=-1 :
NY(2)=-1

NY(3)=1

NY(4)=1

NY(5)=1 . '

NY{6)=1 - - ’

NY(7)=-1 \

NY(8)=-1

NY(9)=1

NY{(10)}=1 ’
DATA - JLAST/10/
1=0 :

. J=9

KKK=2**JLAST :
DO 1 K=1,KKK

GENERATING ONE SYMBOL.
IF (I.GE.JLAST) 1=0
IF . {J.GE.JLAST) J=0
I=1+1 ‘
J=J+1
NX(I)=NX(J)*NX(I}
NY(I)J=NY(J)*NY(I)
IPNI(K)=NX(I}

IPNQ(R)=NY(I)

_LOAD INTO THE ARRAY TO BE FOURIER TRANSFORMED.

Do - ) 10 K=1,KKK

KMl=K~-1 : -

1F (KM1.EQ.0)} KM1=KKK

NI=IPNI (KMl)

MQ=1PNQ(KM1 },

CALL . SIG(MI,IPNI{(K),RI)

CALL ’ SIG(MQ,IPNQ(K),RQ)

J1={(K-1)*LSAMPL

DO 10 I=1,16
DATA(J1+1)=CMPLX(RI(I),RQ(1})

1F (1I0FF.EQ.0) GO TO - 20

DO 15 1=1,I0FF

A=AIMAG(DATA{LDIM)) :

DO 13 , L=2,LDIM

K=LDIM+2-L

DATA{K)=CMPLX(REAL{DATA{K) ), AIMAG(DATA(K-1))}
DATA(1)=CMPLX(REAL(DATA(1)),A)
‘ CONTINUE

: RETURN
END
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C****}i*t****t****t**t**********************t*t*******

C

GENERATES TWO “CHANNELS OF. MSK SIGNAL
C********Q*Tr****t***t******t*t*****t*****t*****t**********ti*
SUBROUTINE LOAD7 ~ {DATA,IPNI,IPNQ)
COMMON - ' . LDIM,IOFF
COMMON /PARA /LSAMPL ,NSYMB,NO1,NO2, BAUD, SBANDW
COMPLEX - ) : DATA(1)
DIMENSION N(10),NY(10),IPNI(1},IPNQ(1),RI{16),RQ(16)
DO : 3 T 1=1,10
NX(I)=-1
NY(1)=-1
NY(2)=-1
NY{3)=1
NY(4)=1
NY(5)=1
NY{(6)=1
NY(7)}=-1
NY(8)=-1
NY{(9)=1
NY(10)=1 .
DATA JLAST/10/
I1=0 - .
J=9
KKK=2**JLAST _ :
DO . . .17 K=1, KKK
) GENERATING ONE SYMBOL.
1F (1.GE.JLAST) I=0
IF (J.GE.JLAST) J=0
1=1+1
J=J+1 .
NX(I)=NX(J)*NX(I) : : -

10

13
15

NY(I)}=NY{(J)*NY(I)
IPNI(R)=NX(1}

. : IPNQ(K)=NY(T)
LOAD INTO THE ARRAY TO BE FOURIER TRANSFORMED.

Do _ 10 K=1,KKK
CALL . MSK{IPNI(K), RI)
CALL : MSK(IPNQ(K),RQ)

Jls(K-1)*LSAMPL :

DO Lo 10 . I=1,16

DATA{J1+1)}=CMPLX(RI(I),RQ(I))

1F (1OFF.EQ.0) GO TO 20

DO 15 I=1,10FF

A=AIMAG(DATA(LDIM))

DO 13 ‘ L=2,LDIM

K=LDIM+2-L ‘

DATA(K)=CMPLXGREAL(DATA(K)),AIMAG(DATA(R—l)))
DATA(1)=CMPLX{(REAL(DATA(1}),A) '
CONTINUE

RETURN
END

- 131 -

kAkREkkk%k



-

c*i**ﬁx*****t**************************t*{*******t***********t*

C THIS SUBROUTINE COMPUTES THE P.S.D. AND OUT-OF-BAND ENERGY.

C************t*ﬁ*t***********************i***************i*t***

SUBROUTINE ' SPECT(SIGNAL, PO, TPO)

COMMON LDIM, IOFF
1 COMMON/PARA/LSAMPL,NSYMB,NOl,NO2,BAUD, SBANDW
- COMPLEX SIGNAL(1)
COMPLEX CWK({258)
DIMENSION : x(32768) PO(1),IWK(8),WK(128),TPO(129)
S=0.
DO w- 10 ‘ I=1,LDIM
L=1-I0OFF . )
IF(L.LE.O) ' : L=L+LDIM

X(I)=REAL(SIGNAL(I1))
X(1+16384)=AIMAG(SIGNAL{(L))} -

10 S=S+X(I)+X(I+16384)
S=S/FLOAT(32768) -
DO 20 ' I1=1,32768
20 X(I)=X{1)-S
CALL FTFPS(X,Y,32768,256,0,P0,PSY,XPS,IWK,WK,CWK,IER)
PMAX=PO(1)
TPO(129)=P0(129)
C : '
C *kk® CALCULATE P.S.D. ' I Z X E 22X 32 22X 22 2 2 2
o ' .
C Do 30 I=1,129
C30 TPO(I)}=-10,*ALOGL0{PO(1)/PMAX)
C WRITE(6,1) . {(TPO(1),1=1,129)
Cl FORMAT{ 2X, ' POWER . SPECTRUM'/,10(2X,F6.1))
C .
C ARK KR CALCULATE OUT-OF-BAND ENERGY Akkkhkhhh
C
DO L 40 1=1,127
40 TPO(129-1)=TPO(130-1)+2.*PO(129-1)

TPO(1)=TPO(2}+PO(1)
TPMAX=TPO(1) )
DO - 50 1=1,129

50 TPO(I)--lO *ALOGIO(TPO(I)/TPMAX)
. WRITE(6,2) (TPO(1),1=1,129)
2 FORMAT(2X,'OUT OF BAND TO TOTAL POWER RATIO /
&,10(2X,F6.1)) : :
o
RETURN '
END *
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C***********t**tt*t*t*****************t******************t**.

Cc

THIS SUBROUTINE DRAWS THE NORMALI ZED P.S.D.

C****t*******t*t**********t*********************************

a0 0o a0 0

SUBROUTINE ' DRAWS (TPO, JCURV,JLASTY),
COMMON LDIM, IOFF
COMMON/PARA /LSAMPL , NSYMB, NO1 ,NO2, BAUD, SBANDW
DIMENS]ON TPO(1), DATA2(131),DATA3(131)
COMPLEX ~ , DATA(1)
IF{JCURV.GT.1) GOTO . , 2
ESTABLISH THE SURFACE AREA.,
CALL . 'PLOTS(20.0,27.5)
ESTABLISH THE ORIGIN.
CALL | : PLOT(3.0,7.0, | -3)
WRITE THE TITLE OF. THE GRAPH.
CALL SYMBOL(5.0,17.0,0.35,19HSQAM POWER SPECTRUM,0.0,24)
DRAW - THE FREQ AXIS.
CALL AXIS{(0.0,0.0,20HNORMALIZED FREQUENCY,-20,5.,0.0,0.0,1.0)
DRAW THE NORMALI ZED PSD AXIS.
CALL ~AXIS(0.0,0.0,18HNORMALIZED PSD DB,18,9.,+90.,
$-80.0,10.) '
DATA2(66)=-80.
DATA2{67)=10.
DATA3(66)=0.0

DATA3(67)=1.0 .
, CONTINUE

DO 4 KK=1, 65

DATA2(KK)}=~TPO(KK)

DATA3{KK)=(FLOAT(KK)-1.0)*16./256.

CONTINUE
CALL LINE(DATA3 DATAZ, 65 1,0,0)
IF{JCURV.EQ.JLAST) CALL PLOT(D ,0.0, 999)
RETURN ;
END :
-
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// . JOB ,"SUN1',CLASS=B

// EXEC PLOTG,FORM=0111, PARM.GO="'SI2E=500K’", TIME=5
//FORT.SYSIN DD *
C . . .

'3 o .
C***********ﬂ************t******************‘lf****_************ .

C PROGRAM TO SIMULATE THE P{E) PERFORMANCE OF SQAM- MODEM. IN
C A NONLINEARLY AMPLIFIED MULTICHANNEL, ENVIRONMENT.

et T L DT PP ET PR S b e i
c i
COMMON . LDIM, IOFF
COHMON/PARA/LSAMPL,NSYHB,NOl,NOZ,BAUD,SBANDH .
COMPLEX TF(2048),TF1(2048),TF2(2048),TF3(2048),TF4(2048)

COMPLEX DATA(2048) ,DATA1(2048) ,BUFF{(2048)
DIMENSION - PEI (25),EBNO(25),IPNI(128),IPNQ(128)
DIMENSION IWK(12),P0O(65),IPNI1(128),IPNQ1{128)
DIMENSION XARRAY(27),YARRAY(27) ,APEI (25)
REAL - _ MP,MP1 ,MP2,MP0 , MPF
COMMON /AA/A
C
C INITIALIZE PROGRAM.
o
IOFF=8 _ .
NSYMB=128
LSAMPL=16
BAUD=60, - . ' .
DATA NSNR/25/
DATA ) _ NRUNS/8/
DATA ALPHAl,ALPHA2/0.4,0.4/
C DATA ALPHA3,ALPHA4/0.1,0.2/
C . DATA BAKQFH, BAKOFT/7.0,2.0/
SBANDW=FLOAT(LSAMPL ) *BAUD
LDIM=LSAMPL*NSYMB
NOl=LDIM/2+1
NO2=NO1+1 . ) :
C DATA PSHIF1,PSHIF2/1.70,3.14/
C DATA ITSH1,ITSH2/672,1344/
o : .
c SET : SYSTEM PARAMETERS
C .
A=0.85
DATA - AT1,AT2/ -0., -0./
DATA FOF ,FOF1,FOF2/0.,100., -100./
DATA - NOA/5/
DATA . 1CEL/S/
DATA . FBW1,FBW2,FBW3,FBW4/30.0,30.0,40.0,35.0/
C : '
C OFF=FLOAT(IOFF)/FLOAT(LSAMPL)
c \ P0O1=0.0
PRINT . \\\\‘ A L1
1 FORMAT(2X, " ** ™ SIMULATION OF SQAM MODEM 1IN ACI *%')
" WRITE (6,6) BAUD
6 FORMAT(5X, ' SYMBOL RATE:',F7.2," MBADD')
WRITE(6,2) : FBW1
” FORMAT(5X,'RX  FILTER CUTOFF FREQ=',F4.1,' MHZ')
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' t
START OF COMPUTATIONS.
DO - e 600 - KA=1,}0A
PSHIF1=1.7 R .
PSHIF2=3.14 - .
ITSH1=672 o
ITSH2=1344 )
DO : 19 - . 1=1,NSNR
APEI(I)=0.0 '
. . CONTINUE
DO : 500 " KM=1,NRUNS
CALL LOAD4 (DATA, IBNI,IPNQ)
CALL . BUT(TF, FBWI ICEL FOF )
: CALL RCOS(FBW1,TF, ALPHA1,FOF)
CALL : "HLIM(DATA)
CALL ¢ . POWER(DATA MP,PF) -
CALL o ENERGY(DATA,EB,BAUD)
CALL S FILTER(DATA,TF,FOF).
CALL ‘ . . LOAD4(DATAl,IBNI1,IPNQl)
CALL . . HLIM{DATAL)
+CALL ~ PHASE(DATAl,PSHIFl)
CALL o FSMl(DATAl,ITSHl)
CALL ' / ATT(DATALl,ATl)
CALL ‘\ POWER(DATAl,MP1l,PFl)}
CALL - FILTER{DATAl,TF,FOF1l)
DO . 10 =1 LDIM
' DATA(I) DATA(I)+DA¢A1(11
CALL LOAD4 (DATAL, IPNIl IPNQ1)
CALL HLIM(DATAL)
CALL _ .. PHASE(DATAl,PSHIF2)
CALL y ' : FSMl(DATAl,ITSHZ)
CALL _ : ATT(DATALl,AT2) .,
CALL ’ T POWER({DATAl ,MP2,PF2)
CALL : ' . FILTER{DATAL, TF'FOFZ)
DATA(I) DATA(I)+DATA1(I)
CALL L ' POWER(DATA ,MPF , PFF)

CALL. HHGG(TF,PNOISE)
ACIl=10. *ALOGlO(MP/MPl) : o
ACI2=10.*ALOG10(MP/MP2) P
CALL _ DECOD4 (DATA ,PNOISE, IPNI,IPNQ,

#EBNO,PEI ,NSNR,EB) '

DO 5 ' I=1;NSNR§-

PEI(I)= PEI(I)/FLOAT(NSYMB)
EBNO{I)=FLOAT(I) ‘
APEI (1)=APEI(I)+PEI(I)

TF((PEI(I).LT..1E-03.AND.PEI(1).GT..1E-04).AND. (KM.EQ.1)) KL=I

CONTINUE
POl=(PEI (KL)}**2,)+PO1
ITSH1=1TSH1-1
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- PSHIF1=PSHIF1+,22 '
PSHIF2=PSHIF2+.46 :
ITSH2=1TSH2+1 .
500 CONTINUE
WRITE(6,4) - _ A
4 - , ) FORMAT(5X, 'A=',F3.2)
N=] : . .
WRITE(6,3) N,FOF1,AT1,ACI
N=2 o
WRITE(6,3) ' N,FOF2,AT2,ACI2
3 FORMAT(///,2X, 'CHANNEL ',I1l,' .CHARACTERISTICS'//,2X,
&'OFFSET FREQ.: ',F6.1,' MHZ',' ATTENUATION:',F4.1,'DB’,
a/' CARRIER TO INT. RATIO: *, F5.1," DB')
' 64 o "1=1,NSNR
APEI(I)=APBI(I)/FLOAT(NRUNS) -
64 _ ‘ : CONTINUE
, WRITE(G,ISO) .
150 FORMAT(5X, 'EB/NO', 10x 'PROB. OF. ERROR' , /}
WRITE(6,172) _ (EBNO(1) ,APEI(I), I=1 NSNR)
172 . FORMAT(SX, F5.1, 10x E13.6)
DO 99 1=1 NSNR
XARRAY(I)=EBNO(I) -
99 C YARRAY(I)=APEI(I),
CALL . . DRAW(XARRAY, YARRAY,NSNR,KA ,NOA)
C | CALL EYEQQ(DATA 16 128 KA,NOA)
C R .
C CHANGE : SYSTEM - PARAMETERS
C .
AT1=AT1-3.
AT2=AT2-3,
C .
600 : S : CONTINUE
STOP ‘ ' Ty } . 7

END ' . : -

C***********************************************************

o THIS * SUBROUTINE ATTENUATES THE SIGNAL POWER.
it aad T N I e T T P E I TP T PR T 1Y

SUBROUTINE - - ATT(DATA ,AT)

COMMON A LDIM

COMMON/PARA/LSAMPL ,NSYMB, NOl NO2, BAUD, SBANDW

COMPLEX . . DATA(1)

ATT=10. **( AT/ZO ) K . : o

. - Do 10 | I=1,LDIM

10 ' - DATA(I)}=DATA(I)*ATT

RETURN ‘ ‘ | .

END
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c*t!*******************************t********t***t*t!******#*

o THIS SUBROUTINE SHIFTS ‘THE SIGNAL

c******:***********T****************************************

SUBROUTINE . TIME (DATA,IT)

COMMON - LDIM
COMMON/PARA/LSAMPL NSYMB,NO1,NO2,BAUD, SBANDW
COMPLEX DATA(1l),DAT
DO 10 . -1 IT
DAT=DATA(1) o
" DO ' 20 J=2,LDIM
20 DATA(J 1)=DATA(J)-
10 . R DATA (LDIM) =DAT
' RETURN -
END . . ) . ‘ 4
[ -

. . L]
c*****t**k****************;**i*************}****************
c COMPUTATION . ‘OF ' MEAN POWER
C*****t*t*********tt******t******3**********************i***

SUBROUTINE . POWER(DATA ,MP,PF}
COMMON LDIM
COMMON/PARA/LSAMPL NSYMB,NO1l,NO2,BAUD, SBANDW
COMPLEX DATA(1)
REAL : MP
PF=0.
MP=0.0 .
DO ' 10 I1=1,LDIM
MP=MP+{ (CABS(DATA(I)))**2,) i
. IF(PF.LT.CABS(DATA(I))) PF=CABS(DATA(Il))
10 " CONTINUE

MP=MP/FLOAT(LDIM)/2.
PF=(PF**2,)/MP
PF=10,*ALOGl0{(PF)

RETURN : . .
END
4
Q !
C******************** ******************;*******************
C THE FOLLOWING\ SUBROUTINE PERFORMS THE FILTERING
C PROCESS ON - THE "DATA SEQUENCE.
C***********************************************************.
SUBROUTINE ' FILTER{SIGNAL, TF,FOF)
COMMON LDIM, IOFF
COMMON/PARA /LSAMPL ,NSYMB,NO1,NO2, BAUD, SBANDW '
COMPLEX SIGNAL(1),TF(1),XX
DIMENSION : IWK{12)
CALL FFT2C(SIGNAL, 11, IWK)
1FQF= IFIX(FOF*FLOAT(LDIM)/SBANDW) ,
CALL FSM1(SIGNAL, IFOF)
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1. &

DO. . | 1 I=1,LDIM
SIGNAL(I)-CONJG(SIGNAL(I)*TF(I))
CALL - FFT2C(SIGNAL, 11, IWK)
DO 2 I=1,LDIM
SIGNAL(I)=CONJG(SIGNAL(I))/FLOAT(LDIM)
RETURN .
END

L

CEEA AR AR AR AR AR A RN E RN ERAARERR RN RANAN AR AR R A AR A koK

C.
C

10

THIS SUBROUTINE  COMPENSATES THE PHASE SHIFT

DUE TO THE CARRIER OFFSET.
C********t**t************Qt********************t*************
SUBROUTINE PHASE (DATA, PSHIFT)
COMMON | C LDIM
COMPLEX EPS,DATA(1)
EPS=CMPLX{COS (PSHIFT),-SIN(PSHIFT)) ‘ -
DO 10 ‘ I=1,LDIM
DATA(I}=DATA(1)*EPS :
: N . CONTINUE
RETURN - A
END ’ : .

.\

T

At et R xR s iR il s R 2 R 2 Y 2 2 T LR T TR B R TR R R

o

THIS SUBROUTINE DECODES ' THE PROCESSED DATA

'C*****************************i*****************t************

Cll1l
111

300

SUBROUTINE . DECOD4 (DATA,PNOISE,IPNI,IPNQ,
" $§EBNO, PEI ,NSNR,EB) )
COMMON LDIM, IOFF
COMMON/PARA /LSAMPL ,NSYMB, NO1, NO2,BAUD, SBANDW
COMPLEX DATA(1),AMP
DIMENSION ' EBNO(1),PEI(1),IPNI{1), IPNQ(l)
DATA NOLD, NOF/O 0/
IF (IOFF.EQ.0) GO TO 111
DO 9 K=1, 10FF
XX=AIMAG(DATA(1)) '
LD=LDIM-1 ’
Do 5 " KK=1,LD

DATA (KK ) =CMPLX (REAL ( DATA {KK) ) AIMAG(DATA(KK+1)))
DATA(LDIM)}= CMPLX(RBAL(DATA(LDIM)) XX)

SYNCHRONI ZE - THE RECEIVED DATA
IF(KN.GT.1) GOTO 210
: LFU=2*NSYMB
NOLD=0
NOF=0
NERROR=0
K=1
- CONTINUE
NEW=0
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200

12

230

100
120

110

Il

DO - 200 J=1,NSYMB
J1=K+(J-1)*LSAMPL |, _
IF(J1.GT.LDIM) s . , J1=J1-LDIM
XB=REAL(DATA(J1))
YB=AIMAG(DATA(J1)) ] .
IF (SIGN(1.;XB).EQ. IPNI(J)) .- NEW=NEW+1
iF (SIGN(1.,YB).EQ. IPNQ(J)) NEW=NEW+1
) CONTINUE
IF (NOLD,.GE.NEW) : GOTO 12
NOLD=NEW . : :
NOF=K
_ , - - K=K+1
IF (NOLD.LT.LFU.AND,.K.LE.LDIM) GOTO 300
NOS=NOF-1 .
ND=-NOS . -
CALL i . * FSM1(DATA,ND)
IF(KN.GT.1) - - GOTO 110
. : IR MI=1
MQ=1

EQI=FLOAT{NSYMB)+1.
EOQ=FLOAT(NSYMB}+1.
SNR=PNOISE*EB/10. L
SIGMA=SQRT(SNR} -

DO 110 ’ J=1,LSAMPL

Ei=0. (/\ T

‘EQ- . : |
100 , K=1,NSYMB

Jl=(K 1) *LSAMPL+J
AXBAR= (REAL(DATA(JI))+REAL(DATA(J1+1));{i.

AYBAR=(AIMAG(DATA(J1))+AIMAG(DATA(J1+1 /2.
IF{SIGN(1l.,AXBAR).NE.IPNI(K)} EI=EI+1
IF(SIGN(1l.,AYBAR) .NE.IPNQ(K}) . EQ=EQ+1
ARGI=ABS{AXBAR)/SIGMA

ARGQ=ABS(AYBAR)/SIGMA *
EI1=EI+ERFC{ARGI)/2.

EQ=EQ+ERFC(ARGQ)}/2.
' ~ CONTINUE
IF(EO1.LE.EI) . GO TO - 120
EOI=El : :
MI=J :
. CONTINUE
IF , (ECQ.LE.EQ) . GO TO 110
EOQ=EQ
MQ=J
" CONTINUE
MOFF=1ABS (MI-MQ) \
MOFF=(MQ+MI )} /2 '
OFF= ( FLOAT {MOFF ) +FLOAT ( NOF ) - 8. 0)/FLOAT (LSAMPL)
" DJPP={{(8.0-FLOAT(MOFF))/FLOAT (LSAMPL).)*2
DO 11 M=1,NSNR
' PEI (M}=0.0

DO R I . ' K=1,NSYMB
JI=(K-1) *LSAMPL+MI .
JO=(K-1)*LSAMPL+MQ
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Aanns(REAL(nATA(JI))+REAL(DATA(JI+1) / . . -
AYBAR= (AIMAG (DATA(JQ) ) +AIMAG(DATA(JQ+1)))/2. - - '
INDEXX=(0 _ :
IF(SIGN(l.,AXBAR) NE.IPNI(K)) . INDEXX=1
INDEXY=0"
IF{SIGN{1l.,AYBAR).NE.IPNQ(K)) ' INDEXY=1
IF{(INDEXX.EQ.1) .OR.{INDEXY.EQ:.1)) NERROR=NERROR+1
c .- COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL
' DO’ 4 ’ M=1,NSNR
XM=FLOAT(M)/10. -
. SNR=PNOISE*EB/(10.**XM)
SIGMA=SQRT(SNR)
ARGa(ABs(AXBAR))/(SIGMA*SQRT(z )
: {ARG.GT.12.)} ) ARG=12.
Ex=BRFc(ARG)/2; ' _ : - _
IF - (INDEXX.EQ.1) . EX=1.-EX H\\\
ARGa(ABs(AYBAR))/(SIGMA*SQRT(Z }) '
IF * (ARG.GT.12.) ARG=12.
EY=ERFC(ARG) /2.
IF (INDEXY.EQ.1) ’ _ EY=1.-EY
"IF (EX.LT.1.E-15) EX=0.
1F (EY.&T\l—E-IS) . EY=0.
4 : "y PEI(M) PEI(M)+((EX+EY)/2 )
2 CONTINUE -
C WRITE (6,152) e NERROR
Cl52 ' FORMAT(/5X, 'ERRORS="',I15,/)
RETURN

END

4

C**********************i*******************************************

C APERTURE EQUALIZED RAISED .COSINE FILTER WITH ARBITRARY ALPHA

C******************************************************************

'SUBROUTINE ‘ RCOS (FBANDW, TF ,ALPHA ,FOF)
COMMON LDIM, IOFF
COMMON/PARA /LSAMPL ,NSYMB, NO1,NO2, BAUD, SBANDW
COMPLEX TF(1)
-\g:** FF(X) -~ 1S THE . INVERSE BASEBAND SPECTRUM
FF(X)=2. *x*(l -{4./(3. 141592**2))*(x**2))/51N43 *X)
. QQ=2. .
C : - ' FF(X)=X/SIN(X) .
C - o QQ=3.14159265/2.

IF - (ALPHA.EQ.O) - ALPHA=0.0001
FN=LDIM* (FBANDW/SBANDW) -
F1=§1.-ALPHA;*FN
F2=(1.,+ALPHA)*FN . , E
IFN=]FIX(FN) N
IF1=IFIX(F1)+1 :

IF2=1FIX(F2)+1

A1=3.141592/(2.*FLOAT(IFN))
TF(1)=CMPLX(1.0,0.0)

-
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DO . 8 : ' I1=2,1IF1
J=I-1

" A2=FF(FLOAT(J)*Al)

10

TF(I1)=CMPLX(A2,0.0) L
T CONTINUE

JK=IF1+]1 :

Do . 9 - J=JK,IF2
I=J-1

A3=0Q ) :
IF(I.NE.FN) A3=FF(FLOAT(I)*Al)

A=(3,141592/(2.0*ALPHA) ) *( (FLOAT(1) /FLOAT(IFN))-1.)
TF(J)=CMPLX{4£0.5*(1.0-SIN(A))),0. 0)
TF(J)=TF(J)*CMPLK(A3 0.0) .

CONTINUE
JH=IF2+1
DO 10 : _ I=JH,NO1l
TE(I)=CMPLX(0.0,0.0) '
_ CONTINUE
DO ’ 5 1=NO2,LDIM
TF({I)=TF{LDIM+2-1)
CONTINUE
1FOF=1F1x(FOF*FLOAT(LDIM)/SBANDW)
CALL ' FSM1(TF,IFOF)
RETURN
* END

C********************T***************t*********************f

C

PHASE EQUALIZED - BUTTERWORTH FILTER

C******t***********t**t*******************************#*****
SUBROUTINE BUT(TF,FB,ICEL,FOF)
COMMON LDIM,IOFF
COMMON/PARA/LSAMPL ,NSYMB,NO1 ,NO2, BAUD, SBANDW
COMPLEX TF(1l)
Al=1./NSYMB
FBNOR=FB/BAUD e
TF(l)cCMPLx(l.0,0.0) .
DO . . 10 , - 1=2,N01
J=1-1

10
20

» N
A2=1./SQORT(1.+{A1*FLOAT(J)/FBNOR)** (2*ICEL) )
"TF(1)=CMPLX(A2,0,)
DO - 20 . 1=NO2,LDIM
TF(I)=TF(LDIM+2-1)

'IFO IFIX(FOF*FLOAT(LDIM)/SBANDW)

CAL . FSM1(TF,IFOF)
RETURN ’ .

END
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C****t***********************************************************

C THIS SUBROUTINE SHIFTS THE SIGNAL IN TIME DOMAIN.

C****************************************************;********3**

N

SUBROUTINE R ., PSM1(DATA,10F)
COMMON LDIM, IOFF
COMMON/PARA/LSAMPL NSYMB,NOl,NO2,BAUD, SBANDW
COMPLEX DATA(l) BUFF{2048)
_ J=LDIM-IABS(IOF) '
' ReJ+l ) :
IF ~  (IOF.EQ.0) ~ GOTO 9.
IF : (IOF.LT.0) . " GOTO 4
DO 1 I=1,J
1 . BUFF(I)=DATA(I)
. DO ' 2 A I=K,LDIM
2 DATA(I J)-BDATA(I}
D0 o 3 1=1,J °
3 v - DATA(I+10F)= BUFF(I)
GOTO -
4 IOF=-IOF
L=I0F+1
DO 5 ( )1=L L?I?
5 BUFF(I-10F)=DATA(I
DO \\\6 I=1,10F
6 ) o DATA(I+J)=DATA(I)
DO 7 I=1,J
5}/ _ . DATA(I)-BUPF(I)
RETURN

END
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