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Abstract— This paper considers the performance analysis of bi-
nary coded systems over block fading (BF) channels with noncoher-
ent detection. In the transmitter, the coded bits are interleaved to
spread burst errors resulting from deeply faded blocks. The union
bound isderived assuming uniform interleaving and using theweight
enumer ator of the code. The proposed bound is evaluated for convo-
lutional and turbo codes and results show that the bound provides
insight on the gain loss due to channel memory.

. INTRODUCTION

Radio communications suffer mainly from fading of the re-
ceived signal. Diversity is a techniques to mitigate this problem.
Error control codes provide aform of time diversity. In BF chan-
nels [1], aframe of length IV is affects by F' independent fading
channels, where each block of m = | & ] bits undergo the same
fading realization. The performance of coded systems over inde-
pendent fading channels is commonly analyzed using the union
bound and the weight enumerator of the code as in [2]. Simi-
lar bounds were derived in [3] for turbo codes with coherent and
noncoherent detection. In [4], the union bound for coherent coded
systems over BF channels was derived. In this paper, the work in
[4] is extended to noncoherent detection with no side information.
The paper starts with the system model in Section Il. In Section
111, the performanceis analyzed and the results are discussed. Fi-
nally, conclusions are presented in Section IV.

Il. SYSTEM MODEL

The system considered in this paper is the binary coded system
in [4] with noncoherent detection. In each transmission interval,
the encoder maps & information bits into n coded bits, resulting
in a code rate of R. = % Each coded bit is modulated using
BFSK and the frame of signals {s,1, ..., s7,m}}—, iStransmitted
over aBF channel. Dueto deeply faded blocks, bursts errors occur
and therefore the coded bits are interleaved after the encoder. The
received signal at time ! in the f** fading block is

yr1 =V Esarsei + 15, D

where E; is the average received energy, 1 ¢, is an additive white
Gaussian noise modeled as CA (0, 07), and a  isthe channel gain
inthe block f andismodeled asCN (0, 1). Hence, it can be writ-
tenasay = ayexp(jby), where ay has a Rayleigh distribution
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and ¢ isuniformly distributed on [0, 27]. The receiver employsa
square-law detector [5] whose output can be written as

=V Esas6(sf,0)cos(fy) + n](cclfo)

X}SO V Esazd(sg,,0)sin(fy) +77fslo)
:\/E' asd(sr,1) COS(af)-i-??fl’)
X(s Y = VE,as6(s72,1) sin(8;) + 5", ©)

whereXJE %) and XJE )2) correspondtothecaseof s¢; = z, where
z =0or 1 In(2), 0 istheunknown phase of the channel in bIock

fio(z,y) = 1ifx = yand §(z,y) = 0 otherwise, andnf, ,

n(slo) n(cll) and n(s ") are independent variables with A'(0,02)
dlstrl butlon The decoder chooses the codeword z that maxi mlz&s

m(y,s) = (XI5 + (X992 ©)

This decoder makes no use of the side information {ozf}jfz1 in
decoding. The union bound is derived in the next section.

I1l. PERFORMANCE ANALYSIS
A. The Union Bound

The bit error probability (BEP) of a linear convolutional code
with & input bitsis upper bounded [5] as

E Z wdpu (4)

d=dfrce
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where dy,.. isthe free distance of the code, P, (d) isthe pairwise
error probability (PEP), defined as the probability of decodingin
favor of a codeword with weight d when the all-zero codeword is
transmitted. For convolutional codes, w is the number of code-
words with output weight d, which is obtained directly from the
weight enumerator of the code [5]. For turbo codes with inter-
leaver size N = R.N, the BEP is upper bounded asin [6]

N . N N -
n<d5(3) X wor@

where p(i, d) is the probability of having an encoder input se-
guence with weight 7 and an output codeword with weight d. For
aturbo code with two component codes, p(i, d) is given by

pli,d) = > po(i, do)py (i, dy)pa (i, dy),  (6)
do,dy,d2:do+d1+d2=d



where po(i,do) = d(i,do) represents the systematic hit; and
p;(i,d;) = Azq;/(Y) for j = 1,2, accounts for the interl eaver.

For BF channels, P,,(d) isafunction of the distribution of the d
nonzero bits among the F' fading blocks, which can be quantified
by assuming uniform interleaving. Denote the number of fading
blocks with weight v by f, and w = min(m, d), then the pattern
f={f,}, occursif

w
F= va;
v=0

By averaging over possible patterns,

d=> vfy. @)
v=1

F F/2 F/w

=Y > > Pudlb)p(f). ®

fi=1fa=1  fu,=1

Here, p(f) = En(nzf where n(f) is the number of occurrence
of the pattern f, which depends on the number of combinations
of {f, }_, among the F' blocks, and the number of ways the bits

can be ordered in the pattern. Using combinatorics,

F! d!
"0 = FRL R @R G)E ()

The probability P, (d|f) for noncoherent detection is derived in
the following.

9)

B. Pairwise Error Probability (PEP)

The conditional PEP for decoding in favor of a codeword z
when the all-zero codeword is transmitted [5] is

'
- P(Z dy ("> -
=1

Define ¢ = Eij 1df(|17(1)|2 — |2E;ay + 77;«0)|2) =

S oY (0 2= 12E,0;+7(”)|2). Then, the unconditional
PEP isfound by averaging over the pdf of g as

2E5ap +1 %) > 0). (10)

&MﬂZAmh@@SEkW, (1)

where the Chernoff bound was invoked in the last step. Substitut-
ing for g resultsin

P(d|f) < ﬁ E [emlnff)\z]f” E |:ef)\v\2Esav+771(,0)|2j|fu . (12)
v=1

Asin [5], the Chernoof parameter A can be optimized. Theresult-
ing Chernoff bound for the PEP of noncoherent detection over BF
channelsis

P,(d|f) < H 4D, (1 — D))", (13)

where D, = W The proposed union bound was evaluated
for the (5,7) convolutional code with aframe size N = 200, and
the (1,5/7,5/7) turbo code with an interleaver size N = 100. In
Figures 1 and 2, it is clear that the bound is tight to the simula-
tion. Also, the bound shows the loss in performance due to the
"unexploited” memory in the channel.
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Fig. 1. Performance of the (5,7) convolutional code with N = 200.
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Fig. 2. Performance of the (1,5/7,5/7) turbo code with N' = 100.

IV. CONCLUSIONS

In this paper, the union bound of noncoherently detected binary
coded systems over BF channels without channel information at
the decoder was derived and the Chernoff bound on the PEP was
derived. The proposed bound was evaluated for convolutional and
turbo codes. Results show that the proposed bound provides the
trend of the code performance with channel memory.
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