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ABSTRACT

In this paper, we study the bit error rate(BER) performance of 2-bit differentially detected GMSK system with
the slow frequency hopping code division multiple access(SFH/CDMA) over flat Rayleigh fading channel. We can
obtain the BER results using the characteristic function of demodulator’s output, which has cochannel
interferences(CCI) while a hop being hit, and show that the TDMA system with frequency hopping has improved

performance compared to the conventional TDMA system without frequency hopping.

I. Introduction

Recently, to increase capacity and to improve
service features, the digital communication system
have made a rapid progress. And, with the
development of communication techniques, we can
communicate wirelessly through a radio channel
The radio channel is characterized by band-limited
and power-limited system, and have fading
depairments which are caused by the movement of
mobile and the multipath propagation of transmitted
signals. Therefore, for band-limited characteristic,
we ought to use a high spectral efficient modulation

technique, and for power-limited characteristic,
modulated signal must have constant envelope to use
nonlinear amplifiers. The multipath fading, that is,
the distortions of signal’s envelope and phase
depend on the frequency of carrier and the velocity
of mobile. Generally, the peak and valley of fade
appear every half a wave length, so these make
burst bit errors, In practical system, various diversity
schemes ate used to overcome hostile fading channel
environments. The diversity schemes provide two or
more uncorrelatedly faded inputs at receiver, so that
the receiver use combining technique and obtain
better performance than that of the receiver using a
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single input.

The CDMA system, which is broadly referred to
as DS/CDMA system and FH/CDMA system, has
larger system capacity and provide better perform-
ance than conventional system in hostile channel
environments such as multipath fading, jamming etc.
FH/CDMA system provides benign effects by
frequency diversity and interferer diversity with
using frequency-hopping. By the frequency diversity,
we can overcome the delay problem in the receiver
when the system uses interleaving technique. Using
independent signals which are separated over
coherence bandwidth, we can obtain frequency
diversity. In FH/CDMA system, the user’s hop
frequency is shifted to next hop frequency over
coherent bandwidth, so the hop-to-hop inputs are
independent. Also, the system capacity increases due
to the interferer diversity and error cormection
coding(ECC). If two or more users’ frequency is
shifted to a specific hop frequence, it is referred to
“hit”. The hit makes cochannel interference(CCI).
But, the error bits of hit hops can be randomized
because each user has a specific hopping sequence
which differs from others and can be corrected by
ECC.

II. System model

2.1 Fractional reuse structure with

mixed hopping sequences

According to the stochastical property of
intercell’s sequences or intracell’s, frequency
hopping sequences are wusually classified to
orthogonal, random and mixed sequences.

First, orthogonal sequences have no hit within a
cell and are allocated distinct sets of frequencies
within neighboring cells. FH/CDMA system with
orthogonal sequences is the same as FDMA system,
except for the inherent frequency diversity, Second,
for FH/CDMA system with random sequence, each
active user has a unique hop sequence which is
uncorrelated with, but not necessatily orthogonal to,
all other users’ sequences. Thus, this less stringent
constraint of hopping sequences’ cross correlation
gives interferer diversity. Since hopping sequences

8_) base station
. reference
cell
partial reuse
cell(1st tier)

partial reuse
cell(2nd uer)

full reuse
cell

Fig. 1 The cell structure of 3M/L fractional rewse FH/
CDMA with mixed sequence pattern.

spread interfered signals evenly over all available
frequencies, FH/CDMA system can increase the
system capacity with using ECC. Third, mixed
sequences are orthogonal within intercell and
uncorrelated  between  intracells. The  mixed
sequences have the advantage of frequency diversity
and interferer diversity, and offer more freedom for
system design optimization when used in conjunc-
tion with fractional reuse structures.

In this paper, we consider 3M/L fractional reuse
structure, that is, base station are 3 sectorized by
directional antennas, and the reuse cluster contains
3M cells arranged as M sub-clusters of size 3. The
cells A, B, Cin fig. 1 are referred to “color”, which
use the distinet sets of N frequencies. Each color is
divided into the M cells of which cells have the L
overlapping subsets of M frequency groups and
referred to as “shade” of that color.

Between different color cells, there is no hit and
the fractional overlap coefficient 4 is zero. And,
ignoring the interference from the full reuse cells, all
fractional overlap coefficient h are 1/3 in considered
shade cells. A TDMA frame is constituted of N;
TDM slots. Assuming that all cells have k active
users and that silence detection with no transmission
during silent periods is implemented to reduce
cochannel interferences, the collision probability of a
hop can be expressed as

_ _Mh Ak
Pooll(k)— Lms Nl (1)
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Where A is speech activity ratio and W is the total
bandwidth of system. Using eq. (1), we obtain the
probability of m hits in k active users and M
interference cells.

PukM,m R =( M) Po B "(1- Pk Y (2)

Consequently, the equation of bit error rate in
FH/CDMA system is expressed as

Pk = P(eror|( hit)(1— Pu(M, M, k) 3

+ "ﬁ:lP( error | m hits) P, M, m, k)

2.2 Transmitter Model

Fig. 2 shows the transmitter and receiver model of
FH/CDMA system with 2-bit differentially detected
GMSK.

W o, B a Gaussmnit)_ M s Mv
n LPF Modulator]
. Complex
Gaussian
(Rayleigh)
oft) —» Frequepcy Banfi Pass channel
Synthesizer| cos[2nfs(t)t] Filter

(a) FH/CDMA-GMSK Transmitter,

cos[27 f5(t)t]

(b) FH/CDMA-GMSK Receiver with 2-bit
differentially detection,

Fig 2. FH/CDMA-GMSK Transmitter and Receiver model.

Uy, is the nth antipodal input bit of users, and as,
is the output of differentially encoder. For 2-bit
differential detection, the differential encoding rule
is given by

Qg =" Ug nlls, n—1 (4)
The output of Gaussian low pass filter(GLPF) can
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be expressed as,
2= 3 a,.8t=nT), ®)

where T is symbol duration and g(f) is the response
of GLPF to a unit rectangular pulse as follows;
&(d) =2(F)*h()

o 27!' t an ZHZB% 2un
- In2 Btj;_ Texp In2 & (6)

oGy enc )
— erf{\/—l_zn;”B’T(_;‘ — l)}] L0

where B, is the 3dB-bandwidth of GLPF and
erfly) = 72; j;yexp(" wWdu=~erf(— ) 0]

The output of FM modulator is given by
s(t) = cosQRart+ ¢ (¢)) ®

The user’s signal is transmitted through complex
gaussian channel(that is, Rayleigh fading chanmel)
after the carrier frequency is shifted to the frequency
Ji{t) by frequency synthesizer according to his own
hopping sequences. Thus, the transmitted signal can
be expressed as

s(8) = cos{2a(f-+ £(D) i+ gD} ©

Likewise, the interference signal from Ith user can
be expressed as

i) = cos{2x(f + £, AD)+ B, D)
= cos {2/, + f(D)t+ ¢ LD}

(10)

where fi(2) is equal to fi(r) since hit happens. And,
the modulated phase of interference signal is given
by

¢i,1(l‘)=27£fd£mﬂﬁ_lma/,,.g(/l—nﬂd/z (11

where the differential encoded data of interference
signal @, are supposed to be independent with one
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another.

2.3 Receiver

The received signal is despreaded by the dehopper
with the same hopping sequence as the user hopping
sequence. Assuming that white Gaussian noise is
added to received signal and that Gaussian bandpass
filter is used before differential detection, the total
input to the differential detector is given by

AD=s(d)+ Z‘nz‘,(t)wLn(t) 12)
where

s(D =Re{Z(Hexplj2nft+ ¢ (D] (13

i) =Re(Z; (Dexpli2art+ ¢, {H] (14

n () = Re{Z,(Hexpli2af.s} (15

and Z(D), Z.(2), Z.(f) are the complex envelope
notations of user’s signal, /th intereference and noise
respectively which are complex Gaussian processes
with mean zero. For simplicity, eq. (12) is rewritten

as
AD) = Re{Z(Dexpli2nf.4) (16)
where
20 =Z(Dexplis (D] an

+ 332, (D exolid, kD) + Z,(H

Thus, we can obtain 2-bit differentially detected
signal v(f) as following;

v() = LPF[Re{Z(Dexplj2xf 1}
x Re{Z(t—2T)explj2afLt—2T)I}1  (18)

=%Re(2(t)-z'(t—2T))

where LPF[ +] means low pass filtering. The
differentially detected signal w(y) is sampled at time
t=nT, and the detector decides wu,=1 if v(n1)>0,
otherwise u,=-1, where u, is a information bit at
time t=nT.

. BER performance analysis

To obtain the probability of error, we require the
detected signal’s probability density function, which
can be derived from the characteristic function G»
(V) of output v(nT) using inverse fourier trans-
formation. If we assume the average value of the
received signal’s complex envelope Z(f) is zero, the
characteristic function of w(n7) is given by

(V) = [1 =200 o+ 0m) + 4V 051~ 0, D17

(19)
where the received signal’s correlation coefficient P
and variance 0, are obtained from covariance
equation of Z(nT) and Z((n-2)T). And,

Fopm=020,(2T) exp (F48,)
(20

+ 317 0. 02T) exp (i, ) + P, (2T)

where o} is the average power of the received

signal,
A=t pIT N @1)

In above equation, A¢,, A¢,, are the 2 bits
duration phase differences of signal and interfere-
nces, respectively. It is assumed that the receiver has
an omnidirectional antenna and the IF filter has a
Gaussian shape and 3dB-bandwidth B, The
baseband power spectrums of signal, interferences,
and noise are given by

Og P lf'(fD

Ws(f)=[ o -7 22)
0 > £
% 1< S,

W,_,(f)={ A st (23)
0 1> £

2 .
W(H= ﬂ% exp{ - (—é)lmz] 24)
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Thus, the autocorrelation coefficients of signal,
interferences, and noise are given by

ps(2T) = J(4xfpT)= A, (25)

0, A2T)=J(4nfp T = A, (26)
2

0,(2T) = exp{ _(27]1;#7')};‘42 (27)

where Jo( ) is the zero™ order Bessel function of
the first kind. Defining the signal to noise ratio as
N=a0, and interference to noise ratio as Iy=0,//0
., then the correlation coefficient of the received
signal is given by

Om = 0l AP {40, )

%“‘*{P,Alcos(dm)
I+ 30, +1

+ BT rcos (4,) + Ag)
+ j—m—— (I A, 5in (49,
I+ 20+l

+ Z&F,.fAlsin(Aqb,, D} (28)

=pmr(d¢b.{d¢l.m}) + jpmj(d¢s,{d¢i,m}) ’

where pn- and pu, are the real and imaginary part of
correlation coefficient p,. Inserting g, into Gn(V)
and using inverse fourier transformation, we can
obtain the conditional probability density function of
v(nT) expressed as

o0

A Vim hits) =5 | ‘Gu()e™Vdy

V 1- p%m"_ Pmr

1
1 1= Pz e,y VO

V 1_p2 i~ Cmr
w2 1o P ey Y V0
29)

Integrating the conditional pdf of v(nT), we can
obtain conditional bit error probability such as
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Pe (u":l,m hitS)

= P(V{0lu,=1, m hits)

(30-a)
=£]m17( V0u,=1,m hits)dV
:l_ 1— O my
2( Jl_pmi)
P, (u,=—1,m hits)
=P(V>0|lu,=—1, m hits)
(30-b)

= J:QP( Vl,==1,m hits)dV

=_L Omr
5 (1+7—1—P§,¢)

To analyze eq. (30), we must consider the phase
differences Ap and their probabilitics. At GMSK
modulator, there arise inter symbol intetferences(IST)
by GLPF, and the phase difference depends on the
bandwidth of premodulation Gaussian filter. In this
paper, we consider that BT is 0.25 because for
lower values of bandwidth the error probability is
increased, while for higher values of bandwidth the
spectral efficiency is reduced. Assuming the
probabilities of all user’s data(%1) are equiprobable,
we are able to obtain phase differences and their
probability shown in table 1.

We can derive error probabilities with respect to
the desired user’s mark or space, which are the
function of the correlation coefficients and phase
differences, also the probabilites of phase
differences.

Table 1. Phase differences and probability distributions.

Phase difference Probability
4 0 Py=P(dp=4,) 1/4
4, 31.6° Pn=P(d$=45) 14
Ay 103.6° Pp=P(4p=4,) 18
4 141.2° Pu=HA¢=4,) 1/4
s 178.8° Pg=Pd¢$=45) 1/8
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P[ Error , #, =+1] m hits] & P, (m)

-Bra B, (PAPEPEPIPE
AL+ 2 Aokt B m
X P,y (m hits,j, nl, n2, n3, nd, n5)} (3D
= iP v, A . (PAPZPEPAPE
nl+ﬂ+"3+n4+15=m

><'l-(1— Pj, ml, 12, #3, 74, 15) )
20 1=, nl, n2, n3, n, 15) *

P[ Error, u,=—1} m hits] £ P, (m)
- g 4 ym, A 5 {PA'IPJR‘ZP"B‘GPXP&

n1+112+1ﬂ+1|4+1£-m

X P,_(m hits, j, ul, n2, n3, nd, #5)} (32)
= ;Z Val, A ", PA’;I{PA”?PA”)SPA?PAS

AL+ A A+ = m

1 Ol F, n1, H2, 13, 94, #5)
XTI pG L, 2, 78, i, 7:5)‘)}

Finally then, the error probability of fractional
reuse/mixed sequence FH/CDMA system which use
2-bit differentially detected GMSK is given by

PR ={P..(0)+P_(D}1—PulM, M, 1)

3 (Pec(m) + Poc () Pusk M, m, B
)

Assuming all error bits are randomized by
interleaving and frequency diversity, RS coded bit
emor rate P, is given by

P.= f;ln (pa-pom (34)

where t={(n. - k;)/2] is error correct ability and |x]
is maximal integer which is lower than x.

In a speech-oriented communication system, each
user is allowed to transmit data continuously after
setting up a call. A very important design issue for
such a system is the user capacity. A setvice
provider will be interested in the maximum number
of users that can be served simultancously by the
system with required petformance. In a digital
communication system, the BER is an appropriate
performance measure. In FH/CDMA system, the
growing of active users increases the hit probability
and the effect of cochannel interferences is
considerable. And so, it increases BER and
deteriorates the performance of system. We can

define the user capacity as

C= M P R)<BER,,} (35)

IV. Results

We consider seven 150 kHz wide channels to hop
and this channel is shated by 10 TDMA users. A
gross data rate of 200 kbps is chosen to give each
user a data rate of 20 kbps. To analyze the results,
we define capacity to be the number of
users/cell/MHz.

Fig. 3 shows the BERs of single cell, cellular
with CCI, and fractional reuse FH celluar with A=1
and A=0.5 for CIR=10 dB. Except for single cell,
increasing SNR over 35 dB has no effects on
improvement of performance. For the improvement,
we use (8, 4) RS code and show it in Fig. 4. The
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Fig, 3 BER of TDMA and FH/CDMA systems over
Rayleigh Channel.
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Fig. 4 BER of TDMA and FH/CDMA systems with
ECC over Rayleigh Channel.
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Fig. 5 System capacity of FH/CDMA systems without
speech activity detector.
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Fig. 6 System capacity of FH/CDMA systems with speech
activity detector ; A = 0.5,
Fig. 4 indicates that we can obtain required
performance 107 using with frequency hopping. Fig.
5 and 6 show the user capacity of FH/CDMA with
and without speech activity detector. Comparing Fig.
5 and 6 indicates that user capacity is increased
about 2 times by using speech activity detector.

V. Conclusion

In this paper we present the BER of fractional
reuser FH/CDMA with 2-bit differentially detected
GMSK and analyze numerically and obtain user
capacity. Speech activity detector and RS coding
were considered, We obtain about 20 users/cell/MHz
for FH/ICDMA,

158

(1

[2]

3]

(4]

(3]

(6]

(71

(8]

Refaerences

S. M. Elnoubi, “Analysis of GMSK with
Differential Detection in Land Mobile Radio
Channels,” TEEE Trans, Veh. Tech., Vol
VT-35, No. 4, pp. 162-167, Nov. 1986.

J. L. Dornstetter and D., Verhulst, “Cellular
Efficiency with Slow Frequency Hopping:
Anslysis of the Digital SFHS00 Mobile
System,” IEEE Jour, on Select. Areas in
Comm., Vol. SAC-5, No. 5, pp 835-848, June
1987

P. Y. Yegani and C. D. McGillen, “FH-MFSK
Multiple-Access ~ Communications  Systems
Performance in the Factory Environments,”
IEEE Trans. Veh. Tech,, Vol 42, No. 2, pp
148-155, May 1993

E. A. Geraniotis and Michael B. Pursley,
Probabilities for  Slow-Frequency-
Hopped Spread Spectrum Multiple-Access
Communications Over Fading Channels,” IEEE
Trans. Comm., Vol. COM-30, No. 5, pp
996-1009, May 1982

M. Schwarz et al.,, Communication Systems and
Techniques, New York: McGraw-Hill, 1986
K. Hirade et al., “Error-rate Performance of
Digital FM with Differential Detection in Land
Mobile Radio Channels,” IEEE Trans. Veh,
Tech., Vol. VT-28, pp. 204-212, Aug. 1979
A. Yongcoclu, D. Makrakis, and K. Feher,
“Differential Detection of GMSK using
Decision Feedback,” IEEE Trans, Comm. Vol.
36, pp. 641-649, June 1988

M. B. Pursley and W. E. Stark, “Performance
of Reed-Solomon

“Error

Coded Frequency-Hop
Spread-Spectrum Communications in Partial-
Band Interference,” IEEE Trans. Comm. Vol.
COM-33, pp. 767-774, Aug. 1985

www.dbpia.co.kr



=% / Performance of Cellular System with SFH and 2-bit Differentially Detected GMSK over Rayleigh Fading channel

s
[=]

£ 2l(Yun-Won Song) A=Y

1983 24 ; Aot
FAlgEE S<4(F=AD

1985 84 : I3}
AT 2
(344D

1997'3 249 : alsleta
AAF S 24
Fshaiah

19923 3~ : gzt ARgAl Flp

<F=4] Heol> IMT-2000, %4, e}

159

www.dbpia.co.kr



