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TABLE 1
PHASE SHIFTS (IN DEGREES) CORRESPONDING TO SIGNAL 6, AND ISI
TERMS (6;, FOR i # 0) AS A FUNCTION OF TRANSMIT GAUSSIAN FILTER

kT

THE MINIMUM DIFFERENTIAL PHASE ANGLES BEFORE AND AFTER
APPLYING DECISION FEEDBACK

BT |6.5]6.5| 6., | 6 | 6, | 8 |06 |26, | 802K
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Fig. 12. GMSK eye patterns demodulated by orthogonal coherent
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Definition of the frequency pulse functions g(f) used

in this paper. By varying a, b and ge(t), the class
of GTFM pulses is obtained.
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Fig. 8 (a) Spectrum of the SCPJ for ¢(t) = 5 cos(wmt).
(b) Nonideal transfer function of the extraction filters PBPF;,
having bandwidth B’ with 2fm < B’ < 4.
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Fig. 12 Measured spectrum of the transmitted 16-QAM DPS without
any Gaussian noise or System Caused Phase Jitter (SCPJ). The
power, which is allocated to each of the pilot tones is 17 dB below
the data signal power.

Horizontal Axis: 50 kHz/div
Vertical Axis: 10 dB/div
Center Frequency: 1.5 MHz

" Resolution Bandwidth: 5 kHz.

Fig. 13 Measured signal state space diagram of the demodulated 16-
QAM DPS in the presence of sinusoidal (SCPJ) with 8=0.1
& fm=9 kHz and additive white Gaussian noise (C/N=22dB).
Notice that the outer states are more smeared than the inner
states.
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Center Prequency | Extractfon | Asplitude | Croup Delsy | ¢k

oup Delay

‘o 08is) Bandwidth Veriation at lo Veristion

B* (xBz) t T' (usec) &' (psac)
Pilter Set 1 1.3 21 1.7 3 2
(SI) 1.7 22 1.78 35 1
Filcer Set 2 1.3 6l 1.9% 30 20
(Sz) 1.7 60 2.19 28 12

TABLE 1

'MEASURED CHARACTERISTICS OF THE USED EXTRACTION FILTER SETS

Carrier-to-Noise (C/M) Degradation ia dB
at pga10™
Analytical Results | Measurad Performance M
#=0.1 $=0.2 $=0.1 $=0.2
No phass jitter cancellstion
. 1.8 8.0 2.010,2 | Rrwor fleor
(8°=0) ot 107
Parcial phase jitcer Partial distortion
cancellstion compensstion 1.7 2.8 2.020.2 4.020.4
c;-o.:. t;-rlwn. M;-lu-
(Filtar set 8i Y - PRP—
imal group delay
n'-z.u_) smplitud asation 0.2 0.3 0.520,2 0.910.2
";::::‘;gt::“‘ Partial distorcion o v
cancellation , u-pnfcuoa . N . 1.2:0.2 3.520.4
tt-o.l. 1r-lau. A'r'-lu-
(Pileer sec S,; Maxisal group delsy snd w0 0 0 0.210.1
v-o.u.) asplituds compensstion

t In order to hava s direct comparison with the analyticelly derived results, thess
seasured results do aot iacluds the 16-QAM modem dack-to-back performance degrada-

tion, vhich vas spproxisately 1.0dB.

Purthermors, for ths same rsason, the addi-

tional carrier of 0.4dB3, wvhich is required to transmit the pilot tones is not imcluded.

Tane 11

COMPARISON BETWEEN THE ANALYTICAL RESULTS AND TRE MEASURED
PERFORMANCE OF A 16-QAM DUAL PILOT SYSTEM OPERATED IN THE PRESENCE OF ASGH AND SINUSOIDAL
SYSTEX CAUSED PHASE JITTER
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Fig. 1. Model of system.
TABLE 1
SPECTRA AND AUTOCORRELATION FUNCTION QF FADING PROCESS £(?)
Spectrum Autocorrelation .
Denotation Self) Fuaction Re(t) . -
1. Rectangular |D/(28p) |f| < By D sin (2:Bpr)/(248p1)

0 e¢lsevhere

2. Gausstan D exp [-12/Bp2)//7 By) To exp [-(sBpr)?]

3. land Mobile [D/s(f2-8p?)1/2) D Jy (2s8p1)

&, First-order |0/[s8p(1+12/8p?)] D exp [-2e8p |1]]
Butterworth

5. Second-order|D/(1+16r*/Bp*) D exp (-o]1|)x _
Butterworth [cos (sx) + stn (s<])]

totes: 1. Jg(+) 13 the 2ero-order Bessel function of the first kind.
2. 8 = v By//T in the second-order Butterworth spectrum.
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AVERAGE PROBABILITY OF ERROR
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Fig. 2. Probability of error for differential detection of BPSK with a

matched filter for different fading bandwidths B, 7.




TABLE

m

EXAMPLE OF FADING COMPONENT COVARIANCES FOR A RECT. ANGiJLAR

FADING SPECTRUM, AND B,T = 0.1

AT

P

r2/0

1/8

1/16
1/32
1764

0.992 |0.946 + j 0.199
0.990 [0.945 + j 0.203
0.990 |0.945 + j 0.203
0.990 (0.945 + j 0.203

TABLE IV
REQUIRED E,/N, FOR P(e) = 102 FOR DIFFERENTIAL DETECTION OF
MSK USING FOURTH-ORDER BUTTERWORTH FILTER WITH 8T = 1.2.

S/D = 9dB.

Fading Spectrwm

Bandwidth

(8pT) Rectangular|Gausstian/Land [First order|Second order

MobilejButterworth|Butterworth

0.01 9.1 %1 9.1 9.1 9.1
0.10 9.1 9.2 92 9.3 9.1
0.30 9.7 9.7 |l0.0 9.2 9.4
0.50 16,2 9.9 |[10.4 8.9 9.7
0.70 16} 9.7 9.8 8.6 9.8
1.00 9.4 9.2 8.9 8.4 9.7

fading component bandwidth and spectral shape on error
probability for this example is examined. -




AVERAGE PROBABILITY OF ERROR

TABLE I
NORMALIZED COVARIANCES FOR LAND MOBILE FADING
Fading
Bandwidth |r, ,(T)/D|r,,(T)/D
(BpT)
0.01 1.000 0.999
0.20 0.937 0.613
0.50 0.677 | -0.058
0.70 10,490 | -0.035
1.50 0.216 | -0.005
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Fig. 4. Probability of error for the differential detection of MSK. A fourth-
order Butterworth filter with BT = 1.20 was used.




Error probability

10

\ 4
N\
\\\ i
\
N\
107 \\ \\ ——
\
|
N

.
3 orse

-dd

32K symbols, sps=16, alpha=0.35

R=2.4 KBps, no time dispersion

10

‘% 20 28 0 3B 40

45

7 7% &

Eb/No (dB)



Emor probability

ng-@ne| -dd

64K symbols, sps=16, alpha=0.2
R=2.4 KBps, no time dispersion

10"
¥
|| Ny
\
N\
\ [N
10 P
\
\
\h u

|

10

10

Fa850MH2, V-l?SKmM. BT<0.041
F=850MH2, Va8OKmA, BT0.026
Fa850MHz, Vdm BT0.013

15 20 25 30 35 40 45 60- 55 60 6 70 75 &

C/N (dB)



Error probability

(] - od

128K symbols, 64K window, sps=16, alpha=0.2

R=24 KBps, no time dispersion

-1
10

T

10

-3]
10

g
10

1(:0"i

10

18 20 25 30 35 40 45 80 855 6 6 70 75

FUsed=850MHZ, Veare125Kmh —m——
FUsed=850MHZ, Veare80Kkmh ———
FUsed=850MH2, Veare40Kmh —————

C/N (dB)



by

@

T —— -
- : DIFFERENTIAL ENCODER : = FM MODULATOR
USSIAN
SEQUENCE | |
- T UF GMSK SIGNAL
} | "M '
I DELAY I - MOD. INDEX = 0.5
i T
i |
b e e — |
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Fig. 2. (a) A one-bit differential detector for GMSK. (5) A two-bit differential detector for GMSK.
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. 7. Performance of one- and two-bit differential detection of GMSK;
receiving B,T is optimized for cach B,T. (For two-bit detection case,
detection threshold is optimized for each E,/N,.)




