DEri=

A
&
Differential Demodulation of GMSK in
Rayleigh fading Channels
Joong Ho CHOI* Young Yeul HAN* Regular Members
ABSTRACT A new demodulation scheme for differentially encoded GMSK signal is introduced and described, In

the proposed differential detection method, the signal is sampled at the center of the time slot, at which the effect
of the intersymbol interference is relativelv smaller than the edge of the time slot. The proposed differential detector
takes this advantage. The error rate performance of the differential detector has been numerically calculated in the
fast fading encountered in the land mobile radio channels. A companson of performance with the differential detector
for MSK signal is given. Finally the possibility of improving performance employing nonredundant error correction is

studied.

I .INTRODUCTION

In mobile radio communcations, modulation
schemes that have constant envelope property
to reduce the effect of fading and nonlinearity,
and a compact power spectrum to reduce
adjacent channel interference are preferred.
Premodulation Gaussian filtered minimum shift
keying (GMSK) has been proposed as a spe
ctrum -efficient digital modulation for mobile
radio, The output power spectrum of MSK
can be made compact by introducing a prem
odulation baseband low pass filter before
modulation, Premodulation Gaussian filtenng
suppresses the out-of-band spurious power for
GMSK, while keeping constant envelope,

Extensive studies have been carried out to
improve system performance. One method takes
the advantage of the fact that the degradation
effect due to the premodulation Gaussian fil
tering is smaller at the center of time slot than
at the edge of the time slot®” In fact, the
effect of the intersymbol interference due to
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the premodulation filtering is largest at the
edge of time slot. Usually this point has been
adopted as a sample timing in conventional
coherent detection of GMSK, simply because
it i1s the point of the maximum eye opening.

In this paper, we will take this advantage
and use the center of time slot as a sampling
instant in differential detection for differentially
encoded GMSK signal. The error rate perfor-
mance of the proposed differential detector
in the fading channel has been numerically
calculated. The approach used in this paper
15 similar to the one that calculated the error
rate performance of duobinary coded MSK
and TFM in(3). The possibility of improving
performance for the proposed differential
detector employing nonredundant error corre
ction Is investigated,

This paper begins in the next section with
brief overview of GMSK signal followed in
section I by a consideration of differential
detection for differentially encoded GMSK
signal. In section [V, we calculate the error
rate performance in the fading channel. The
probability of error is obtained by numerical
integration for slow and fast fading, Numerical
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resultsare presented In section \  with concl

uding discussion.

II. GMSK SIGNAL

GMSK modulation that has a constant
envelope and narrow band can be achieved
by placing premodulation Gaussian  baseband
low pass filter before MSK modulator. The
impulse response of the baseband Gaussian

filter 1s given by

o 2 Bty (1)
h(=A . 7 Bexp (- 2B (D
(L ©In2 B exp In2 ‘

where B is the 3dB bandwidth and A 1s
constant. It's mverse Fourier transtorm of h

(t) 1s given by
H(=A expi—[ + 1 ~ 2
(D=Aexpi—[ 5 -7

Gaussian filtered input to the modulator can
be calculated as

glt)=1§  hir) att—7) d=r )
where a(t) 1s a umtl rectangular pulse. The
GMSK waveform of the modulator output can

be expressed as
s(ty=cos(2nft+ ¢ (1)) P

where

b(=2nly § 3 glo—nTidv, an=+t1 (5

fo 15 the carrier frequency and fy 1s the phase
deviation constant, In the case of GMSK

modulation mndex s 0.5 and T s the bt
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duration. 1t the cxcess phase of an MSK
signal 18 plotted versus tme, it follows that
o1 precewtse lmear and increase or decrease

N

exactly radian cach bt duration, Lines
with positive slope represent 1 oand lines with
negative slope represent ) A premodulation
Caussian filtering camed out o transmitter
would result in degradation of svstem pertar
mance, The digital binary data fileered by a
Canessian low pass fdter before modulation
experiences severe mtersvinbol mterference
CISh This deads to degradtion ey the it error
rate,

As o spectfic example, ket the mput message
sequence be g111001--+ represented by m,, m
Lo, e and ditferentially encoded sequence
be TToloool---

The resultmg phase path ¢ 18 shown
21 |

repressented by, a,,
Fragure 1. Intersvimbol merference from prec
edmy and followmg symbols s largest at the
sanphng tune ' ome=0, 1, 20 - )0 On the
other buned, the eftect of 1S] s relatively snall
at the center of tune =lot, which s denoted
by hinck dot, We will take this advantage m
detecting GMSK siwnal I9gure 2 shows the
phise tansition of the worst case 1L e,

- which causes the maximum
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PHASE TRANSITION

Fig. 2. Phase transition of the worst case.

. SYSTEM CONFIGURATION

The GMSK modulator with differential
encoding is shown in Figure 3. Gaussian bas-
eband filter suppreses well out-of -band spurious
power for GMSK, while still keeping the
constant envelope property. Figure 4 shows
the differential detector with sampling instant
(m+0.5)T. this sample timing is less sensitive
to the effect of the intersymbol interference
resulting from the Gaussian filter,

GMSK

signai
Gaussian GMSK
LPF Modulator
T

Delay

Fig. 3. GMSK modulator with differential encoding,

(0.5 + m)T

dk

Fig. 4. GMSK demodulator with differential encoding
sampled at t=(m+0.5)T.

In the absence of noise and fading, input
to the low-pass filter is

Z(t)=cos{wct+ ¢ (t) Jeos[wc(t—T)+ ¢ (t—T)]
=l5c08l @ T+ ¢ (t)— ¢ (t—T)]

+ 15008 20 (t—~T /2)+ ¢ (1) + ¢ (t—T) ]

(6)

The double frequency terms are rejected by
the low -pass filter leaving only the leading
term,

W(t)=15cos[ ¢ (t)— ¢ (t—T)] (7)

where w.T==multiple of 2r, and the sampled
output at the time instant (m~+0.5)T is

W((m+0.5)T)="1scos] 4 ((m—0.5)T)— ¢ (
(m=+0.5)T)] O (8)

The output of differential detector for differ
entially encoded MSK signal at the sampling
instant (m=+0.5)T is

W{(m—+0.5)T)=0
Wm+0.5)T)="1

when my={()
when my=1 (9)

The decision threshold becomes 0.25. This
decision threshold will be used later to calculate
the probability of error for MSK signaling in
the presence of fading and noise. If MSK
signal shown in figure 1 is demodulated, phase
of MSK signal, phase difference, W {(m-(.
5)T), and output of detector are resulted as
shown in Table 1.

Let ¢g(mT) be the phase difference between
MSK signal and GMSK signal for the worst
signal pattern at the sampling instant mT and
¢ ((m+0.5)T) be the phase difference between
MSK signal and GMSK signal for the worst
signal pattern at the sampling instant (m-+-
0.5)T. ¢e(mT) and ¢.((m+0.5)T) can be

calculated with parameter BT as shown n
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Table 1. Possible values of MSK signad i Fuyare 1

Phase ¢ (1) ‘ Ad(t) {\\'1 i T Output g,
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Figure 5. Without loss of generality, we assu
med that ¢4 (mT) and ¢ ((M+03)T) are =
2 and 7/ 4 respectively for the case of MSK.
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Fig. 5. Phase difference compared with MSK veros 1371

It was shown (1) that MSK signal have
the inherent properties that the outputs of a
conventional differential detector and a ditfe
rential detector with two time slot delay cireunt
sampled at mT correspond  to the datae and
parity, respectively, of a simgle crror corvectimg

Ly

self orthogonal convolutional code, We wall
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show that the proposed demodulation scheme
alsa has this nberent nonredundant error
correcting property, Figure 6 shows the rela

tonship between the mput message sequence
and output of the 2ot differential detector
sapnplod at t=tm-0.5) 1 denoted by black
dot tor the differcntually encoded  sequence,
It clear that when the output of 2 bit dit

terentud detector 1w cos(4r)=—1, input
message 113 sent, When the output of the
2obit differential detector is cosO=1, m input
message sequence 00 15 sent. Likewise when
the ourput of the differential detec tor is cos
(br 2 2)=0, mput message sequence 1s (1 or
10.

vy can obtain the parity ol a single error
correcting self orthogonal convolutional code
from the output of 2 b differential detector
passed through the absolute vialue device and

imverter (0—1, 1-=0).

11 [V2Y 00 10 11
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F -3n/e) - R - -
2 bits ¢ input message sequence
3 bits ¢ differentially encoded sequence
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Cutput of aitferertan detecto \l It bts
el ! [
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| |
el ot
(b)
Fip. 6. eliGonshin hoerweon the mpin message SCQUETICE
e the ontput of the 2 it differential detector
sepled U e i aoa T ta Possible vidie o
phoe difterence, b Owput of 2 bt difterential
Bebocton woroen e s
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IV. ERROR RATE PERFORMANCE

The received signal at the receiver mput
through the fast fading radio channel, s(t)

1s given hy

s(t)y=xg{t)cos|@et+ ¢ (1) ]
—ve (1)sin] wet=+ @ (1) ] (1)

where x4(t) and ye(t) are independent zero
mean Gaussian low pass processes. With the
assumption of addtive Gaussian nowse at the
receiver input and using Gaussian bandpass
filtering before differential detection, the total

signal plus noise to the differential detector

15

e(t)=s(t)+n(t) (1
where

ni{t)=xn(t)coswet —vn (t)sinwet (12)

and x,(t), ynlt) are independent zero mean
Gaussian lowpass processes of Gaussian spec
trum. Ther it can be shown that the output
of the sampler at the time t=(m405)T 13

51

given by

W((m405)T)=- (13)

l\:‘r—-

[ Rlzﬁ Rzg}

where R, and R, are jointly Ravleigh distrib

uted “x

5 : _,,;Rl[g;
P(R,. R,)= Al 1p?) exp

(1=POR A (1+00R"

o al(l— ")

- >
1 A.fa”rl'\lR_':f__ . R R0 (14)
O g¥(]— 07) )

lot - ) 1s the modified Bessel function of the

first kind and zeroth order defined by

In(u)::—il; § exply cosg) de (15)
and

=0+ 0, (16)
ap=0sts explilf—g.) ) +on*rn (17)

where g,—¢. 15 the change in the desired signal
phase, o4 and o, are average signal and noise
powers respectively, and oy and g, are corre

sponding normalized autocorrelation functions,

and

=00, (18)
oime=§ W) exp(oafT) df (19)
onion=§  Walf) expli2afT) df (20)

where Wq(1) and W,(f) are the equivalent
baseband power spectra of s(t) and nf{t)
respectively, In order to analyze the error
probability, let us assume that Wq(f) and Wy

(f) i (19) and (20) are respectively given

by
. - T
Wyif)= | T e .
0 if >fp
oy’ f

s expi— [ [ n2 f=fy

0 ot (22)
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where fj, is the maximum Doppler frequency.
We assumed that 3dB bandwidth of 1 filter
and premodulation baseband filter are sime,

os and pn can then be obtammed as

Ps=Jo (2t T) (231
(=BT (21
Pn=ExXp)— -y
In?

where Jo( - ) 1s the zeroth order bessel function

of the first kind, ¢ 1s reduced to

p— b gy (ZBTE (250
1 In2 ’

=175
on’

Assuming a priort probability of mark transm
ission 1 s(1) 1s denoted by p, the probabihty

of error 1s given by

Pe=p « Prl R7—R,/ @ mark 4+ (1—-p)
- Prl RS = R2=a® space |
=p | . P(zmark) dz+(1—p)
§ Pz space) dz
=50 § . PR, ROdR, dR,
PR, R,)dRdR, (26)

where z=R,"—R,)} and a° is the value of thr
eshold,
The integral in(26) 1 numerncally caleulated
> )

by integrating the density function P(R, R}

over appropriat integration region m Figure

7. Assuming a priori probabilities of mark and
space to be equally likely, using the numerical
method, we calculated the error probability
for the worst signal pattern which causes the

® The value of threshold

maximum [SI effect
a* changes as the parameter BT changes.
However the change of a7 is relatively small,
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asince the samplmg tume of (m4-05)T 15 less
sensitive to the effect of the ntersvimbol
mterterence, The threshold  value becomes 0
N otor MSK signaling, Calculated  resuits are
shown i figure 8 90 10 tor BT=0.05, 0.25
and 0.0 respectivelv, MSK results are also
shown i Sgure 11 tor comparson,  Fading
rate 1 1s tiken as a0 parameter for all plot
ting with values tangimg from 0 to 0,005
cortespondmg to the vehicle speed ranging from
0 to 1o km - h at a bit rate of 16 kbps n
900 MHz band,

Rz ,
RZ = R[ ,//
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Fig. 8. loror rate perfornmme of GNISK with dif ferentiad
derections with B 00,
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1o -l intertference resulting from the Gaussian bas
eband low pass filtermg prior to modulation,
10‘._‘ Error rate performance of the proposed diffe
rential demodulation of GMSK was calculated
<10 -»; numerically in the mobile radio communication
channel characterized hy Rayleigh fading for
104 the worst signal pattern, The plotted results
% show that the crror rate of GMSK 1s always
10-'} higher than that of MSK  because of inters
% AN ymbol interference. The degradations are slig
T S —— SN reppe htly higher for the smaller values of BT, which
0.00 20 00 40.00 50 00 30.00 )

r are expected 1 the proposed demodulation

Fig. 11. Frror rate perfornance of MSK with didferent method.

detection,
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