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ABSTRACT

This paper prl'sen/s /he I - Q Gaussian Minimum Shift Keying (I - Q GMSK) modulation technique. GMSK is a
widely used modulation scheme because of its cons/ant envelope property and spectral efficiency. We provide some
simulmion results of I-Q GMSK modulator which consists ofA DC, NRZ -L, Gaussian LPF, integrator, computation
of In-phase, and Quadrature-phase terms by using Matlab program. Then, this result is compare with the I-Q MSK
modulator sigr:al.
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Introduction

Gaussian Mini llum Shift Keying scheme is a binary digital frequency modulation technique with a modulation index
of 0.5. It is widely used due to its fundamental property of constant envelope that is suitable for nonlinear
amplification. Introduction of Gaussian low pass filtering increases the spectral efficiency of this modulation scheme
by reducing th.: bandwidth of the main lobe and the spectra density of side lobes (Varma and Devesh, no date).

Ziemer a ld Ryan (1983) examine various methods in implementation of modulators for high data rate
applications using GMSK. GMSK can be generated by modulating the frequency of a VCO directly using the base
band Gaussian pulse stream. Murota and Hirade (1981, July] explain the GMSK modulator using PLL modulator or
an orthogonal modulator with digital waveform generators or a TI/2-shift BPSK modulator followed by a suitable
PLL phase sn~ooter. A. Linz and A. Hendrickson (1996, January) describes an efficient method for generating
equivalent base-band of an I-Q GMSK modulator, which errors are minimized. Generating of GMSK signal using a

sigma delta ( L: -Li) based open loop frequency modulator is demonstrated in a sigma delta based open loop
frequency modulator by Daily and Carusone (2003). Varma and Devesh introduces a less complex algorithm in novel
implementation ofGMSK modulator.

GMSK Modulation

GMSK Signal Overview

GMSK is derived from continuous - phase FSK (CPFSK) by selecting the frequency deviation to be the minimum
possible (MSK) and filtering the base-band modulating signal with Gaussian filter (GMSK) The base-band
equivalent of tre I-Q GMSK modulator is shown in Figure ILinz and Hendrickson 1996).
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Figure I: A Base- band J-Q GMSK Modulator

is differentially encoded using an exclusive(1997) show trat in differential encoding, each input data bit
operation, where the resulting output of the differential encoder is;

Figure I shows the modulation process which has two steps in GSM system. First step is regarding to the
differential enC)ding and second step is about the GMSK modulation. Varma and Devesh (no date) and Laster
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TI,,~ differentially encoded bits Jre then mapped to get NRZ bits as;

d =d, (f) (ti, E {O,I} )
(I)

(3 )

a, E
(2)

modulation. The OMSK modulated signal generated by exciting a

1-2 tI,
a,

TI'i'~se NRZ bits are then subjected to OMSK
lirear filter which impulse response is;

g(l) = h(I)* rec{~)

{a f recl(/)
With dJta values ' , where * denotes convolution of notion. The function is defined as;

{
lj T

rec{~) = O,ollterwise jorlll < "2
(4)

h(l)
In (3), is given by;

I
h(t) - r;:,-

aTv 2Jr
CXp(_-I')

2cr'T' (5)

where

Jln(2)
(J =:---

27fBT
with

BT =: 0.3
for OSM and 81'=05 for CDPD

3~. . ~) T
Here, 8 is the bandwidth of the O-LPF with Impulse response , and is the duration. The pulse

re:;ponse
get)

can be written as;

g(t) =: _I [Q(27fBT I~]_Q(2HBT I~]]
2T T"ln(2) T In(2)

(6)

11:1 I Q f . Q(t)
vv 'Iereas t le - unction, ;

Q(t) = 1~eXP(-'h)dr
I ,,27f

},:(t) = 0 r 0 LT' hId fi d I t" I . .,or ~ t ~ Wit, e me as t le number 0 1I1terva s over which the pulse IS spread.

Th,e phase of the modulated signal is;

8(1) =:

, ,T

Hit jg(lI)du
m.,

(7)

where
III, E {±I}

is the modulating Non Return to Zero (NRZ) data. The modulation index h = 0.5 results in the

maximum phase change of ~ radians per data interval. The final OMSK signal is represented as;
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• I and Q can be defined as:
Even

a I (I) cost 7T;iT)

d, (I) = d", d" d, . .... ( even bils)

Odd

au (I)sin(7TJi1')

d 2(1)=d"d"d j , .... (odd blls)

It can be seen how these data are separated. The original bit stream as well as the I and Q components can
ckarly be seen.

I Bit Stream Times Carrier

m
(/ I (I) cos( - ). cos 2.rl I21' "J,

• Q Bit Stream Times Carrier

m
(/" (I) cos(-) • cos 2Jrf, I
~ 27'

The combination of these two signals provides the modulated signal as seen in Figure 2 and Figure 3.

Conclusion

In this paper we present the I-Q GMSK modulator base band signal. The GMSK simulator was developed and
displays the 1- phase signal, Q- phase signal, GMSK signal and power spectrum density (psd). The comparison of
sigl1al characteristic betwcen GMSK and MSK is also given. Further analysis to calculate BER value for both
mc>dulation scheme in AWGN and fading channcl is recommended.
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