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Branch Correlation of M-ary Non-Coherent M odulation

Schemesin Correlated Statistics Environments
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Department of Communication Engineering, Da-Yeh University

112 Shan-Jiau Rd., Da-Tsuen, Changhua, Taiwan

ABSTRACT

In this study, branch correlation coefficient characterized by correlated Nakagami-m
distribution is investigated for non-coherent M-ary FSK (frequency shift keying). Some new
equations, including one for the parabolic cylinder function, are derived.  The transmission channels
for a wireless radio system are assumed to be frequency non-selective fading channels. Numerical
analysis methods are applied to validate the effect of branch correlations with application of the new
equations. The results confirm that the branch correlation parameter is not negligible when
designing communication systems.
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I.INTRODUCTION

The requirement of high data rates, wide bandwidth and
much more capacity becomes the basic conditions for the fast
developing wireless communication systems. It is known that
the 3G (3" generation) wireless radio systems have landed the
market and it is with the multiple access schemes, which apply
the spread spectrum techniques, including the CDMA
(code-division multiple-access) and the so-called fast FH
(frequency hopping).
of transmission rate of the spread spectrum technique, it is the
most important one adopted in the area of military. On the

Especialy, due to the much fast speed

other hand, we know the fact that the noncoherent modulation
schemes applied in the wireless communication environments
are the NFSK (noncoherent frequency shift keying, NFSK)
scheme.  For the purpose of requirement for high transmission
data rate, the NFSK and DPSK are the most two important
It is well
known that the correlation characteristic happens between the
branches in correlated-fading channels. The main aim of the
paper focuses on the branch correlation for M-ary noncoherent
FSK and DPSK modulation schemes. In this paper, the
impact of correlation on the performance of M-ary noncoherent
modulator, MFSK, in the correlated Nakagami fading channel
is evaluated. For along time, many of the important studies
have employed the Rayleigh distribution to characterize the
envelope of

modulation techniques for multiple-access systems.

fading signals. However, Nakagami-m
distribution has been thoroughly investigated, since it has been
verified as a more versatile model for a variety of fading
environments such as urban and suburban radio multipath
channels for wireless communication systems [7]. Recently,
Lombardo et a. [6] derived an exact expression for the
performance of BPSK and NCFSK with prediction MRC
(maximal ratio combining) in correlated Nakagami channels.
Zhang [11] derived the exact BER expression for BPSK and
BFSK systems with MRC over correlated Nakagami-m
Proakis [9] has studied in MFSK modulation
scheme works in the environments with the Rayleigh fading
In [10], the authors caculated the BER
performance with Chi-square parameters. The performance
comparison with encoded (coded) and uncoded for M-ary FSK
working in Nakagami-m fading statistic was investigated by

channels.

channels.

crepeau [3]. In [2], where the authors analyzed the
performance of multiple-cell DS-CDMA systems over
correlated Nakagami-m fading environments.

In this paper, The BER performance for both encoded
and uncoded coding techniques with MFSK modulation
operating in Nakagami-m fading channel are studied. This

paper is organized as follows. In Section Il, the system

models of uncoded noncoherent modulation are presented.
The system performanceis analyzed in Section |11, in which the
BER performance for MFSK is determined for uncoded and
coded cases, respectively.
illustrated in Section 1V. A briefly conclusion is drawn in
Section V.

The numerical results are

I1.SYSTEM MODEL OF UNCODED
NONCOHERENT MODULATION
In wireless communication systems, both Rayleigh and
Rician fading models are widely studied, in particular, in urban
In this section, the channe mode of
noncoherent MFSK modulation system is characterized by the
correlated Nakagami-m statistics distribution, and assumes that

environments.

the received signal at the receiver output in the interval [0,T]
can be expressed as

r(t) = Ry2Es/T cos(w;t +0) + n(t) (1)

where Es is the normalized average received symbol energy,
n(t) is AWGN with one-sided power spectral density Ny, 6 is
uniformly distributed in [0,2n], «; denotes one of the M
orthogonally spaced frequencies, and R expresses a random
variable with Nakagami-m distribution whose pdf (probability
density function) is given by [7]

m
omMR2m-1 e{ﬁ sz

p(R) = QT

, R>0, mz% @

where Q=E[R?], which represents the average power of the
signal, E[ ] is the expectation operator, and m=E R /var[R?] is
defined as the ratio of moments, which is called the fading

figure. By setting m=1, the equation (2) can be reduced to a

Rayleigh statistic. For values of m in the range %Smgl,

the pdf has larger percentage tail than a Rayleigh-distribution.
If the values of fading figure is greater than one, m >1, the tail
of the pdf reduces faster than that of the Rayleigh distribution
Assuming that the branches of transmission
channel are perfect estimated for MRC diversity is necessary.
The pdf of the SNR at the output of an MRC receiver with
Rayleigh distributed channel estimation errors has been derived
by Gans[5], and iswritten as

environments.

o
p(R):(l—PZ)Lfl —rio’ G| [ Rp”

|
— 3
o ° 5 0 Q(l—pz)] @
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where p is called as correlation coefficient, and pe[0,1], is a
parameter used for estimation the value between each branch,
and L denotes the number of branches. The equation (3) can
be applied in the calculation of system performance for the
M-ary modulation operating in the correlated fading channels.

In fact, correlation coefficient, p, represents the channel
characteristic used to estimate the affect of the Doppler shift.
It represents the perfect branch combination for MRC diversity
when p=1. As the values of p decreases gradually, and the
analyzed system performance will aso be reduced. By
substituting p=0 in the extreme conditions, decline estimation
and its actual value are totaly independent, and the
performance is going not superior as the one that considers the
parameters of correlation coefficient between branches for the
same system.

1. SYSTEM PERFORMANCE ANALYSIS
The BER performance is calculated for uncoded and
coded coding, and an example for the coded case with Golary
coded schemeis presented in this section.

1. The Uncoded Case

The wireless communication system works in the slowly
non-selective fading channel is supposed in this study.
However, no loss of the generdlity, the normalized value of the
average power is adopted, that is, Q=1, and the energy received
at the output of the receiver can be written as R?Eg, where E
denotes the symbol energy. For the reason mentioned above,
the pdf shown in (3) can be reduced and becomes as

l[L—l] |
o rE Ro?
P(R)=(1-p°)"""e IZ—“ [(1—;)2) (4)

By means of the same approaches adopted in [1], the
average SEP (symbol error probability) can be determined by
averaging over the conditional symbol error probability under
the assumption of correlated Nakagani-m fading distributed.
Hence, the SEP of the general case for MFSK schemes can be
obtained as

-1 EgR?

SM-LM 1\ (- o
Ps= Zl[ i ]%e'” Mo p(R)AR ®)

where p(R) is shown in (4). In order to caculate the BER
performance for MFSK, the bit energy can be expressed as
E,=Eglog,M, the BER can be obtained from (5), and can be
expressed as

M
R= Psm (6)

By substituting (3) into (5) and (6), after some agebra
operations, the BER for FSK over correlated-Nakagani-m
statistics can be obtained as (see the Appendix)

Ry= s MilLf[M _1j(1)i+1(1—p2)“['j[ v’ ]l

T2AM-D) S A0 ) i+t I

« (2/3)7(I2+ l)l“(l +1)e(81ﬂjo_v[%} )
2p

where 'B:.I_Eb(|0g2M)

, p denotes the correlation
i+1 NO

coefficient between the branches, and it is defined as

_ Ex=xyr-¥]
Erox - xoerey -0

®)

where T'(}) is the Gamma function, D./(-) is the parabolic
cylinder function [4]. The validation of accuracy for (7) will
beillustrated in Section IV with numerical analysis method.

2. The Coded Case

For the purpose of extending the analysis of the system
performance to an M-ary radio system, the coded system is
focused on the discussion of the linear binary block scheme.
The BER performance of a binary block coded method is given
as[8]

Po=r iﬁim pla-p)™ ©

i=t+1

where n is the necessary distance for coding, g is the average
error number reserved for correcting codeword which alows i
errors, and t expresses the ability of error correction which can
be taken as t=[(d-1)/2], and d denotes the minimum

distance. However, the BER performance of MFSK with
coded case can be determined by substituting the BER formula
for uncoded shown in (7) into last equation, the E, will be
replaced by r.E,, where r. denotes the coding rate of the coded
MFSK. There is a special case, for example, the extended
Golay code is chosen as (24, 12). The decision mentioned
above is not the best fit for this case, but it can illustrate the
features of the coded MFSK. The expand Golay codes shown

in [8] are set as fB4,=4, Ps=8, fe=120/19,..., Pry=24, €tc. In
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order to maintain the assumption of channel is propagating over
memoryless BSC (binary symmetric channel), the perfect bit
interleaving for coding technique were adopted in this
evauation of the MFSK with coded case.  For the situation of
high E/No, which will be kept in the variant condition and the
BER Py, shown in (9) will be employed as inverse to power of
the m(t+1)-th branch. Meanwhile, there is a simple
multiplication for m(t+l) and the fundamental channel
integrated into a key code parameter. The accuracy of the
BER performance for the MFSK coded case can be vaidated
by comparing the results derived in (9) with the researched
publication with the measurement data shown in [8].

IV.NUMERICAL RESULTS

In this section, the BER performance of MPSK is
analyzed by the numerical method with the Matlab package
Fig. 1 and Fig. 2 illustrate the BER versus the SNR results for
MFSK working in uncoded case with correlation coefficient
p=0.5 and 0.9, respectively. It is known that the system BER
performance for MFSK in uncoded case will become
degradation when the branch number isincrease.  On the other
hand, the BER performance variate with the characteristic of
correlation between difference branches is shown in Figs. 3-4,
where the correlation coefficient are set as p=0.1, 0.3, 0.5, 0.7
and 0.9. It can be easily understood that the performance is
definitely degraded by the correlation coefficients, that is, the
greater in p, the better in system performance. The
performance of coded MFSK is discussed bellows. Fig. 5 and
Fig. 6 show the BER versus to the SNR for the case of coded
MFSK with the branch number L=2, 4, 8, 16, and, p=0.5 and
p=0.9, respectively. The fact is same that the results shown
for the uncoded MFSK case, that is, the BER performance
depends on the branch number. The conditions assumed with
branch numbers L=2, 8, and different correlation coefficients
are expressed in Figs. 7-8, respectively. It is worthy to note
that the trend of evaluated results of the coded cases shown in
Figs. 7-8 are similar to the resultsillustrated in Figs. 3-4.

V. CONCLUSION

In this paper, the BER performance of coded and
uncoded MFSK working in the correlated Nakagami-m fading
channel is analyzed with different branch correlation
coefficients. A new expression of BER performance with the
parabolic cylinder function for the M-ary noncoherent
modulation is derived. Some numerical results show the
branch number and the correlation coefficient between the
branches affect the system performance for the wireless radio
system.
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APPENDI X
In this appendix, the equation (7) was derived. It isknown that the pdf of the fading amplitude is given as

(L—lj |
p(R):(l—Pz)LflefR/Q'il | [ Rp® }

(A1)
Q o I lee-,?)
The average power was normalized as Q=1, then the symbol error rate be calculated as
M1 -1 EgR®
DN
P ° p(R)dR A2
S'[Oil[inl P(R) (A2)
where PD:LPS,and E, = Es . By substitute (A1) into (A2), and the average bit error rate can be obtained as
2(M -1 log2M
—-i Ey(log2M) _,
M M-1) ()" o 51 N, R
e ° R)dR
P = 2(M 1),21( i J i+1 0 P(R)
;iEb(Iog2M) 1[ j |
M Z [M 1}( 7'+t ©aitl N 1— —R/Q dR
T 2™ -y gL i+1 0 0 I! Q(]_ p?)
(L_lj i E,(log2M)
AL i+1 21 2 L =009 g2
__ M MZlLZ M_—l (—.1)'+ (1—P) | p wgil N o RIORIGR A3)
2M-D {5 /S i i+1 Q I Q(l—pz) 0

Some of the conditions are assumed as follows, the average power is assumed as =1, and changing variable with

7i_Eb(I092M)
] No
L-1
M ML M -1 (—g) _ o)l p? CIR? Ry
_2(M—1)§1§[ i j 41 br?) |12 7 |lo ® RdR A4
(L—lj |
s Yt el p? | e —(C,R?+R) gl
2(|v| ) IZ“ZI J i+1 (1_p) I [1_p2 loe RdR (A5)
By means of the formulas shown in [9], listed below as
J-OOO Wla -px? Pdx=(28)" V/zr(v) exp[SZJ [ﬁ] [Re>0,Rev>(] (A6)

where D_() is parabolic cylinder function, which isdefine as[4 ]
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e 4 o XX
D,(z)= e 2 x~Plgx  [Rep<O
p() F(—p)jo [Re p<(]
By setting the variables as v=1+1, and p=—(+1), f—C, ———co(092M)
i+1 Ng
1
S T
D, 1 _ e 4 J-oce \/ﬂ 2X(|+1),1dx
[2p | T(+1)°0

L-1
M MMyt 2L1[ | ] 2 !
_2(M—1)i21|22[ i j it1 br?) I 2

2
1+ x L X

<(2p) 2 [Te YETRENPY

letI=v-1, =1, Q:ﬂ:ﬁw , and put (A7) into (A3), the integral part can be obtained as
i+ 0
(L—l] |
1L- i+1 2
J‘wef(cthR)RldR:LMZl"z M -1 X(—.1)I+ (1_p2)L*1|_ p
0 2M-1) 5 i i+1 | - p?

x(2ﬂ)L2Jrl)r(| +1)e[81”’]Dv[ﬁJ ,

and the BER shown in (A3) becomes as

g )

T2AM-) A& 0 ) i+

1 2

—(1+2) 1 85 X
x(28) 2 r(|+1)e(8/’)re(l+l)jo°°e V262 g

(A7)
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