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Abstract

iz paper presents closed Sorm expressions for the
average symbol error rate (SER} of noncoherent M-ary
Jrequency shift keying (MFSK) with dual branch maximal
rafio combining (MEC), selection combinin (3T} and
switched combining (SWC) space diversity receptions
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the number of existing branches in the & ersity e,
Therefore, dual branch diversity combining systems are

the most popular and Important among all. When dual
branches are employed, slation between them is
important because the two antennae are closely spaced in
practical systems. T} it is of imterest to study the
effects of branch comelation on error performance of

over correlas panti-m fading ¢ Numerical

results demonsivate the ervor perform
due 1w the effects of correlated branches in the three

N N

ersiy comoining systems. They also show thar there is
similar pen deg ion in differeny diversity
combining systems when correlation cogfficient p is
increased from O o 05, Furthermore, the error
petformance of emploving MRC amd SC diversity
receptions are very close to each other when both the
branch correlation and channel fading are severe.

1. Intreduction

Over the years, compensation techniques for multipath
chennel fading in wireless communications have atiwacied
much attention (see, e.g, [1, 21 and references thereiny.
Diversity combining, which skillfully combines multiple
replicas of the received signals, has long been recognized
as one of the effective compensation techniques for
combating detrimental effects of channe! fading. Thres
of the well-known methods to combine these muitipath
components are MRC, SC and SWC[11. It is well known
that the improvement on ervor performance of any space
diversity combining system will be increased when the
number of diversity branches is increased. Howsver, a
high number of diversity branches is not feasible for most

al sy 2k of the limited space available.
In addition, the marginal Improvement of an additional
branch in a diversity system is inverssly proportional to
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mploying these three diversity combining systems.

Previous work {3] has stiddied the error performance of
ary phase shift keying (FSK) and frequency shift
keying (FSK) with dual MRC diversi ¥ system inn a
corrslated MNaksgami-m fading environm In [4],
exwension w© [L-fold MRC  divessity systern was
considered. In addition, [S] has alo investigated the
error performance of binary PSK and FSK with 8C
fiversity tems in correlated Nakagami-m fading
channels, Purthermore, [6] has evaluated the average
BER of noncoheret FSK with dual switched diversity
system in comrelated Nakagami-m fading and [7]
has extended the work to consider the case of M-ary
Differsntial PSK.  This paper SRCOMpPESIES previ
works to consider the case of noncoherent MESK with
the three dual diversity combining
Nakagami-m fading chennels, and compares the
differences on performance degradations due to the
effects of branch correlation.

This paper is organized as follows. Section I
describe some background of the diversity combining
systems. Sections HI-V will present the perform
analyses of employing MRC, SC and SWC, resp
Section VI provides numerical results and discussion.
Finally, Section VII gives some concleding remarks.

2 Background

In consideration of a o
mobile com fcation F
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i-m distribution, the probab density fancion
of the iﬁsi&%m&a@ received Qigﬁ?ﬁ»?ﬁi}%i&& ratio

¥ per symbol A, on the z*c* branch in & recelver with

{4y
where m is the fading severity parameter with values
rom 05 to o, £ is the average SN? r symbol per
é;‘arf‘%* and T'() denotes the function [9]. Note

that the two branches are a:szsm&é to have the same
values of = and €3 With the assumption of soual nois
power in both b the & us SNR gxr
symbol yat the out g:; of the receiver can be obiained and
d In the following sectons. With these
. the average SER at the cupwt of 2
calouisted by averaging the oo &c@sai
r of error m the S*ES*‘E‘C@ of additive white

gaussian noise (AWGN) over t fof y le.,
®
FAvip(ridy )
5]
where Py} is the conditional probab of sywbol error

for @& patticalar conmnunicatio ystem  on the
assumption that ¥ is known., With the i creésirxg use 0;;
Meary orthogonal signaling w
in cwrent commercial and military sy
evaluation of its error performance is thus !m;:»{}x‘f

The well-known conditional SER for EECE}CG&%:?&I‘;{

MFSK is given by [10]

3. Ervor Performance of MRC

MRC is known as the optimal combining technique by
maximizing the SNR of the combined signal at the output
of a receiver. With the use of dual MRC diversity
reception for communication systems In correlated
Nakagami-m fzé’irw annel, the pdf of the instantaneous
SNR pers gm{: i*e w“ﬁ%ﬁmsci 5§ naﬁ is gz ven by [4]
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SO R TErgas
corrclation  model assugeé
substitutions of (4) and (3) into (2), the average SER of
coherent MPFSK with dual branch MRC diversity

em in correlated Nal mi-m fading cb {can be

& & =

wiitien as
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P
&

4. Error Performance of SC

ST method of combining multipath components is ©
select the diversity branch with the largest SNR. The
main advartages of SC over MRC are relative simplicity
and lower cost. Consider a receiver implementing dual
SC diversity reception in corvelated Nakagami-m fading
channel, the pdf of the instantaneous SNR per symbel y
of the combined signal at the oulput of the receiver is
given by {3}

psc )= EEEZM{;;;Q B

&= =0 =0 n=l

N\
xex;x»»-—»i»« E ?Km** Qimj {8}

_;sz =

where y{a, b) is the first incomplete gamma function [9]
and



substitutions
noncoherent

. (10} becomes
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where , Fi{a,bie;x) is the Gauss hypergeometric

funceion [
5. Error Performance of SWC

In the above two combining methods, differem
amnounts of knowledge of all the received branch signals
in one form or another are required. A simpler and
cheaper though less efficient combining technique is
SWC, which can be viewed as a suboptimum
implementation of SC. One of the switching strategies is
used here {6]. Note that one switches the branch only at
discrete instant of time. If branch 1 is being used at ¢,
one switches o branch a local power measurement
for branch 1 at 1, is below a threshold value £ regardless
of the local power
Switching from branch 2 e branch 1 is performed
similarty. Note that the rate of branch switching is
reduced with respect o that of SC and thus a reduction
of wansient effects dus to switching. When a receiver
implements dual SWC diversity reception in correlated

5
at ¢
ranch 2 at ¢,

neasurement for
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where §fa) is d Bessel functon of the frst
kind of order v thy <3§<{¥§§ tions of {22‘ nd (33
o (), % ¢ SER of noncoherent MFSK with
dual branch S‘&’C fversily system  in correlated
Nakagami-m fading ¢

Let the first integral in
simplifications, 7, can be writien as

r 9
m& . .,
T 28 a1/ m) §1L (16)
L7e g
where [a. b} s the second inc i amma fur

{91 The optimum threshold level, say £, in & mind

probability of error sense is usually determined by
employing standard differentiation technique on (16}
VT 2888



There exists an optimum threshold & for every average
NR level and dhs, @ any average SNR, the minimom

3 C when the branch
ermore, the error performance

average SER could be achieved only by adapting £ to the
actual value of the av SNE on each bramch

for any practical system,
iis i. One of the
s psed In this paper. &
xed threshold £=8(00),

T

i

ng SWC with 5=0 Is close 1o that
of employing MRC and SC with =05 fexcept the
divergence part of the error performance curves f

O
SWCY. Although th

ment of empl

*

1

T

pondence
. ) is the av

L=(E+
£ in

tere:

6. Numerical Results snd Discussion
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MESE with the

noncoherent
combining systems are plotied in figures 1 ©0 &.

the average SER of noncoherent MFSK with no diversity
one branch) is also plottad in all the figures.
Figures 1 to 3 show the average SER of nonccheremt
MFSK with dual branch MRC, SC and SWC divessity
receptions in correlated Nakagami-m fading channel of
£=0,0309 and m=1 for M=42.16, respectively. The
ading are shown in
figures 4 0 6.

with m=5

R HNENCal vaiue

As for the case of M4 and m=l B e 1, the
guited SNR per symbol for s average SER of 107 are
184B, 188dB and 21.9dB for MRC with branch
i poof 0, 05 and 0.9, respectively.  The

corvespondin,
20.2d8, 2
respectively, The required average SNR per symbel is
33dB when no diversity is employed. As expected, more
performance improvement can be achieved when MRC is

g values for SC and SWC are 19.5dB,
dB  and  21.95dB, 223dB, 25848,

employed, while SWC would render less perfor

tha ¢ performunce
improvement can for all diversity
ining can be draws

v the case of m=§ and some more

cbservations. By comparing figures 1 and 4, less
performance improvement is observed for all the three

[z

3 ¥ IRMNING SYsier

that in a less severs fading
reception, the systam can already perform quite wel
its own. Hence, not much improvement can be done with

H
i

the use of diversity combining systems. Contrary to the
case of m=I, the error performance improvement of

using ST is significantly worse than that of using MRC
even when p is high. Thus, MRC has an absolute
advantage over SC when the chanmpel experiences less
severe fading. Also, the error
systems using SWC are so close to the case of no

riormance of diversity

diversity, it surrenders the usefuiness of SWC diversity
systems even when p iz low. However, cousidersble
i ver can stifl be achieved by

émg}E@giﬁg MRC and SCeven when pis high.
5. Conclusions

This paper derived some closed form expressions for the
average SER of noncoherent MFSK with dual branch
MRC, SC and SWC diversity systems in comelatsd
Nakagami-m fading ¢ els. Comparisons of the effects

improvement for the same number of branches and sarne
correlation coefficients. There s only slight performanc
degradation when g is increased from ¢ to 0.5, but the
degradation is more severe when p Is increased from 0.5
to (0.5, This phenomenon can be observed in all the three
diversity combining systems. In addition, the amount of
performance degradation is similar for the three diversity
combining systems {except the divergence part of SWC
curves) at any particular average SER below 107 when o
increased from 0 to 0.5 and from 0.5 10 0.9, Note that
the divergence of the performance curves for the SWC
ystems are probably due to the use of fixed threshold
level instead of the optimum

threshoid level. Although,

iversity systems employing MRC perform betier then
those of SC under the same channe! condition, the error
performance of employing both combining methods are

- 00510.08 ©2008 IREE
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of branch correlation on three diversity combining
systems have been studied. It shows that SC can be used
place of MRC in severe fading channel when the
branch correlation is high. Results also show that
i cant performance improvement can be achieved for
most of the considered cases even when the branch
correla is high. Furthermore, diversity combinin
systems are more valuable for communications systems
in severe fading channels than in good channels.
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Figure 2. Average SER ({versus O} of
noncoherent 488 FSK with dual MRC, SC and
SV%% diversity receplions In  correlated

Naksgami-m f{ading channels with m=1 and
=0,050.8.
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Figure 8. Average SER ({versus O} of
noncoherent 4518 FSK with dus! MRC, 8C and
SWC  diversi ions  in rrefated
Nakagami-mr fading chamnels with m=1 and
2=0,084.8.

Average SER
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Figure 5. Average SER {versus Q) of
nonccherent &8 FSK with dusl MBC, 8C and
SWC  diversity ions  in orrelated
Nakagami-m fading channels with m=§ and
7=8,0508.
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Avarage SER

Figure 4.

Average SER
noncoherent #fk=4 FSK with dual MRC, SC and

{versus 0O} of
SWC  diversity receplion e fated
Nakagami-m fading channels with 2=5 and
7=0,0.5,0.8.
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Figure 6. Average SER (versus Q} of
noncoherent =186 FSK with dual MRC, SC and
SWC  diversitly receptions  in correlated
Nakagami-m fading channels with n=5 and
=0,0.5,0.8.
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