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Abstract. Space diversity reception, in which several signals received at different antennas are combined, is a well
known method that can be used to combat the effects of fading in wireless systems. Also, trellis coded modulation
(TCM), when combined with interleaving of sufficient depth, is known to provide some form of time diversity that
allows the achievement of good error performance in fading environments. In this paper we consider the analysis
of the error performance of reference-based Maximal Ratio Combining (MRC) systems when used in conjunction
with trellis-coded MPSK modulation techniques over a Rayleigh fading channel. We also consider the analysis of
MRC trellis-coded MPSK systems with conventional differential detection. The results are obtained by using a
combination of theoretical analysis and simulation. Exact and near-exact expressions for the pairwise error-event
probability in Rayleigh fading are derived. Monte-Carlo simulation results, which are more indicative of the exact
system performance, are also given.
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1. Introduction

Mobile radio communication systems have received considerable attention in recent years.
The mobile radio channel is a multipath propagation medium, and hence if a relatively low
bit rate signal with a bandwidth much smaller than the coherence bandwidth of the multipath
channel is transmitted, signal envelope variation (multiplicative fading) and random FM noise
will produce high error rates even with high average signal to noise ratios and place a lower
limit on the achievable bit error rate (BER). As it is well known, the use of space diversity
systems provides significant improvement in communications when transmitting through a
fading propagation medium. If the antenna spacing is chosen so that the individual signals are
uncorrelated then, each of the K antennas in the diversity array will provide an independent
signal to the K -branch diversity combiner. A variety of techniques are available to perform the
combining process and to capitalize on the uncorrelated fading exhibited by the K antennas in
the space-diversity array [1, 2]. In maximal ratio combining (MRC) the K signals, after being
cophased, are weighted proportionally to their signal voltage to noise power ratios and then
summed. Of all diversity linear-combining schemes, maximal ratio combining is considered
optimum in that it provides the highest average output signal to noisc ratio and the lowest
probability of deep fades [2]. To assist with the demodulation of MPSK signals and perform
MRC in a fading environment, it is common practice to incorporate a reference signal (pilot
symbols [3] or pilot tones [4]) alongside the transmitted data symbols. This allows the random
FM noise and envelope fluctuations caused by multipath fading to be accurately tracked and
eliminated, thus overcoming the irreducible error floor associated with data transmission over
fading channels.
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Trellis coded modulation (TCM), although originally developed for telephone channels
[5], has received also considerable interest in the field of mobile radio [6-14]. The primary
advantage of TCM over modulation schemes employing traditional error correction coding is
its ability to achieve increased power efficiency without the customary expansion of bandwidth
introduced by the coding process. Furthermore, when combined with interleaving of sufficient
depth, TCM is known to provide some form of time diversity that allows the error rate 10
decrease with SNR faster than the inverse law commonly found on Rayleigh fading channels.
Thus any fading channel that is both power-limited and bandwidth-limited would be ideally
suited to TCM.

There are different methods that can be used to evaluate the performance of Trellis Coded
Modulation schemes over Rayleigh fading channels. Chernoff upper bound combined with the
pair state generalized transfer function bound approach [11] or the modified state transition
diagram transfer function bound approach [15] has been widely used. However, this upper
bound, although readily determined, is too loose over normal SNR ranges of interest. In
their paper, J.LK. Cavers and P. Ho [9] provide an exact expression for the pairwise error-
event probability of TCM operating on a Rayleigh-fading channel. For short error events, this
expression is easily computed and thus the procedure is effective. However, its complexity
grows rapidly with the length of the error event path and with the order of diversity [12].
In [10] R.G. McKay et al. present an asymptotically tight upper bound based upon a simple
modification to the standard transfer function/union-Chernoff bound that is combined with the
exact solution for the pairwise error-event probability. This technique consists of deriving a
tight upper bound using the exact pairwise error-event probabilities for rm of the most dominant
error events, in terms of asymptotic contribution to P, from the code trellis, and a weaker
union-Chernoff bound for all remaining error-events. Obviously, the greater the number of
error events considered in the set of “most dominant error-events” the tighter the upper bound
will be, but at the expense of increasing the complexity.

In this paper we shall consider the performance analysis of a reference-based MRC system
when used in conjunction with trellis-coded MPSK modulation techniques over a Rayleigh
fading channel. This combined scheme, incorporating a reference signal, has not been so
far considered. As a baseline performance measure we shall also include the analysis of
MRC wrellis-coded MPSK systems with conventional differential detection. The results shall
be obtained by using a combination of theoretical analysis and simulation. In particular,
the rate 2/3, four-state Du/Vucetic/Zhang code [13], implemented by means of a systematic
encoder with feedback, will be analyzed. In performing the analysis a number of simplifying
assumptions will be made. First, a theoretically ideal block interleaving/deinterleaving of
channel signal will be assumed in order that the channel may be considered as memoryless.
This assumption leads to independent fading of the adjacent demodulated symbols and allows
for considerable simplification of the analysis. Second, it will also be assumed that fading
over one baud interval may be represented by a single fading amplitude. Finally, although all
simulation results will reflect a finite decoding delay of six times the convolutional encoder
constraint length, an infinite decoding delay will be assumed in the analysis of the Viterbi
decoding process.

The paper is organized as follows. The system and analysis models used in this study
are described in Section 2. The average bit error probability bounds for both pilot tone
aided predetection diversity coherent systems and postdetection diversity differential detection
systems is then derived in Section 3. Also shown in Section 3 are some of our simulation
results. Finally, discussion and the conclusions of this study are given in Section 4.
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Figure 1. Baseband system model of the trellis coded system.

2. System and Analysis Models

The baseband system model under investigation is illustrated by the block diagram in Figure 1.
Input bits (representing data or digitally encoded speech) at rate R, are encoded by a rate
k/(k + 1) trellis encoder producing an encoded symbol stream at rate ((k + 1)/k]Rp. Trellis
coded symbols (groups of k + 1 bits) are next mapped, according to the mapping by set
partitioning rules [S], onto an MPSK (M = 2k+1y channel signal set and block interleaved to
randomize the distribution of symbols affected by amplitude fading of duration greater than
one symbol period. Following the interleaving process a phase reference signal is added to the
data bearing signal. The composite signal is then pulse shaped and transmitted. Transmitted
signal is faded and corrupted by AWGN passing through the fading channel. The received
signal in each diversity branch is simultaneously passed to a matched filter and to a channel
estimator. In-phase and quadrature components are combined, demodulatcd, quantized for
soft decision and block deinterleaved. Using these quantized symbols, the Viterbi decoder
detects the transmitted sequence based on maximum likelihood estimation.

For a received sequence of length N, Yy = (v1,...,yn), the metric between Yy and
any transmitted signal sequence Xy = (z1,...,2Zn), is of the form m(Yy, Xn; Zy) if side
information is available and m(Yy, Xn) if it is not. The metric is used by the decoder to
make decisions as to which sequence was transmitted given the corresponding channel output
sequences. Whatever metric is selected, to simplify the decoder processing complexity, it is
required to have an additive property, i.e.,

N
m(Yn, XNy ZN) = 3 m(Yn: Tn 2n)- ¢)

n=1

Letting m(Yn, Xn; Zn) denote the coding decision metric, the decoder incorrectly decides
that the transmitted coded sequence is Xy # Xy when

m(Yn, Xw: Zn) < m(Yn, Xn: Zn), )
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with a probability P(Xy — Xx) which is called the pairwise error probability. By our
previous assumptions

P(Xy = Xy) =Pr(m(Yy, Xn: Zn) > m(Yn, X3 Zn) | Xn) =Pr(f > 0| Xn), (3)
where
f=m(Yn, Xn; Zn) — m(Yn, Xn; Zn). 4

An upper bound on the average bit error probability is obtained from P(Xy — X ~) as [16]

B< S S ol Xw, Xn)p(Xn)P(Xn — Xn), Q)
N=L; Xn XN

where a( Xy, X ~) is the number of bit errors occurring when X is transmitted and Xy is
chosen by the decoder, p(X ) is the a priori probability of transmitting X and L, is the
Hamming distance of the shortest error event.

3. Average Bit Error Probability Bounds
3.1. PiLOT TONE AIDED PREDETECTION DIVERSITY COHERENT SYSTEMS

In order to have an accurate channel estimator at the receiver, a pilot signal can be sent along
with the data bearing signal. The pilot signal can be a tone (or multiple tones) or it can be
a sequence of symbols that are inserted periodically into the data bearing signal. Anyway,
as was shown in [14], both systems provide the same performance for a given system power
and information throughput. With a reference pilot tone signal, the baseband equivalent of the
transmitted signal is

x(t) =B | Y @uq(t — nT), 6

where B represents the reference signal, z,, = Ae/%n, T' is the symbol period and ¢(t)
represents the complex impulse response of a pulse shaping filter that satisfies Nyquist’s
criterion for zero intersymbol interference and has unity energy. It is assumed that the power
spectrum of the data bearing signal has a spectral null that allows for the insertion and the
extraction of the pilot.

Assuming, in general, a K branch diversity system, the baseband equivalent of the received
signal on the kth receiver (k = 1,2, ..., K) can be expressed as

Te(t) = xx(t)z(t) + vi(?), @)

where 14 (t), which represents the additive thermal noise at the receiver front-end, is a zero-
mean complex Gaussian noise process with single-sided power speciral density Ng and

xx(t) = pr(2) exp[j Vs (t)] (8)

which represents the multiplicative Rayleigh fading characteristic of the channel, is a normal-
ized (unit mean-square value), stationary, zero-mean complex Gaussian process. As shown
in Figure 1, the received signal is simultaneously passed to a matched filter with an impulse
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response equal to ¢*(—t) and to a channel estimator that, in this case, is simply a pilot
extraction filter with a frequency response

1 —B,/2< f < By/2
0 otherwise )

H(f)= { €)
Note that the bandwidth of the filter must be wide enough to allow the fading to pass through
undistorted, that is, it must be at least twice the maximum Doppler shift, fy. In the following
analysis it will be assumed that a filter with bandwidth B, > 2f4 is used. Thus, the data
bearing signal and the pilot signal at the output of the matched filter and pilot extraction filter
can be expressed as

wi(t) = xk(2) D zxh(t — nT) + ng(t) (10)
and
Pr(t) = xx(t) B + vi(t), (11)

respectively, where h(t) = () * ¢* (—t) represents the overall impulse response of the system
for a perfect non selective transmission medium and n(t) and vg(¢) are zero mean complex
Gaussian noise processes. Note that n,(¢) is independent of vy (¢) due to the fact that they
are output noise processes of two filters whose frequency responses do not overlap. Using the
pilot tone signals to cophase and weight the data bearing signals, the combined signal can be
wriften as

K
g(t) = wr(t)pi(2). (12)
k=1

The signal at the output of the maximal ratio combiner is sampled by an A/D converter at time
tn, = nT + 7, where —T'/2 < 7 < T'/2 determines the sampling instant. Assuming a perfect
clock recovery, 7 = 0, the complex sample at the output of the deinterleaver will be given by

X
Yn = Y WknPhn (13)
k=1
where, for simplicity of notation, we have dropped the delay introduced by the interleav-
ing/deinterleaving process.

A soft Viterbi decoder performing maximum-likelihood sequence estimation (MLSE) will
select the codeword for which the a posteriori probability is the largest. With the assumption of
equally probable codeword and ideal interleaving, this is equivalent to choosing the codeword
whose branch metrics are
2

m(ynawn;zn) = - (14)

K
Z wk,np::,n — Tp
k=1 .

Substituting (14) into (4), the decision variable f can be expressed as a special case of the
quadratic form given by Cavers et al. [9, eqs. (10) and (11}] as follows:

N K

f= Z Z[An|Plc,n12 + Bniwk,niz + Cnpk,nwz,n + C’?ZPZ,nwk,n] (15)
n=1k=1
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with A, = B, = 0 and C,, = (£, — z,). In a Rayleigh fading channel, p; , and w;
are zero-mean Gaussian distributed random variables when conditioned on the codeword.
Furthermore, assuming a perfect intcrlcaving/deinterleaving process and an antenna spacing
such that the individual signals are uncorrelated, f in (15) will be a double sum of independent
quadratic forms of zero-mean complex Gaussian random variables. The pdf of f is not an
elementary function but its characteristic function is given by [17, Appendix 4B] as

flann
Gyljt) = ; (16)
! HTGIMHI (t = 5t1n) (¢ — jt2n)

where ) = {n: z, # Tn},

tin = Wy — V w721, - tlnt2n, ton = Wy + \/ w% - tIntZ'n, (17)

with
tint 1
inl2n = 3
e (.Upp#w'w - |:upw‘2)|0'n,|2
. . (18)
w _ Crlipw + Cplipw
K 2(uuppﬂww - |U:Dw12)|cn|2
and
Hop = E{ka,nlz} = B?+ 2BIJN0’
bww = E{lwk,n|2} = A% + 2Ny, 19)
Ppw = E{p,’g nWkn} = ABei%n,
|Cal* = A2|eJ¢" —el¥n|2 = A2d2
By substituting all the variables in (19) into (18), we have
- —(1+7)
Ini2n — +B, T 3
RE,B, N3 | & (Fobps ) + 1]
(20)
TA+r)\Y2[E, [ r+BpT
= 8B,N? (—) | ——— 1
Wn PO\ TorE, M \BT+n) T

where E, = (A2 + B2T)/2 is the equivalent energy per MPSK symbol and r = B*T/A? is
the pilot to signal power ratio.
The pairwise error probability can be expressed in terms of G (jt) as [17, Appendix 4B]

Pty ) =Pr(f 20| Xn) =5 = [ El0 g @1)
2nj Jcotje 1t

where ¢ is a small positive number. Substituting (16) in (21) and closing the path of integration

with a semicircle of radius R — oo we have that, except for a finite number of poles, the

function G(jt)/t is regular in the region bounded by the closed path. Thus, based on the

theorem of residues from the theory of functions of a complex variable, the integral in (21)
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Figure 2. Bit error probability of a K -branch predetection MRC Du/Vucetic/Zhang four state TCM-8PSK system
in a Rayleigh fading channel with pilot tone aided detection and a normalized fading rate of 0.01.

will be equal to the summation of all residues at the poles on the right-hand plane (RHP) of
the following equation:

P(Xy — Xn) = — 3 Residue{G(s)/s}rRHP,» (22)

where G ¢(s) is the two-sided Laplace transform of the pdf of f which can be written as

K tinton
Gy(s)= 11 II (23)

nénimi (5~ tn)(s — ton) ,

where tj, and t,, are the left-hand plane (LHP) and the right-hand plane (RHP) poles,
respectively. This method, although exact and mathematically simple, does not lend itself to
the evaluation of an upper union bound on the bit error probability via the classical transfer
function bound approach and, in fact, this is not considered a practical approach for evaluating
functions with a large number of poles of high order; so, rather than accounting for crror
event paths of all lengths, approximations or upper bounding procedures that consider only
a small set of short error events have been studied [9, 10, 12]. Two different bandwidth of
the pilot filter, B,T' = 0.02 and 0.06, corresponding to a maximum normalized fading rate
f4T = 0.01 and 0.03, respectively, are considered in Figures 2 and 3, where simulation and
analysis results of the 4-state Du/Vucetic/Zhang code TCM systcm arc presented. In deriving
this upper bound (First bound), the approach outlined in [12] has been applied considering
error-events having diversity two and three in the set of “most dominant error-events” and using
the Chernoff bound calculated in the Appendix to derive the pairwise error-event probability
for all remaining error-events. For each value of B, T, an optimum value for the energy ratio
r has been derived. It can be observed that the analytical upper bound and simulation results
are very close in all cases when the average bit error probability is less than 1073,
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Figure 3. Bit error probability of a K -branch predetection MRC Du/Vucetic/Zhang four state TCM-8PSK system
in a Rayleigh fading channel with pilot tone aided detection and a normalized fading rate of 0.03.

For both high signal and pilot to noise ratios, then tit2, < wy, and thus (22) can be
approximated by

K
P(Xy = Xn) = | [I II tintan | Y- Residue [—s™5% (s — mn)—bnﬁ’]R , (24)
nen k=1 poles

where L, is equal to the number of elements in the set 7. Therefore, the following expression
for the average bit error probability upper bound can be obtained

K
00 B.T By r+B,T + 1
. pt | Ny \B,TO+7)
< Y Y a(Xn. Xn)p(Xn)Cr,x [T [ - ( ”E(“‘; ) ] ,  (25)
where
_ (2L, K — IB)
Ok = (LN, K - D 20
Optimizing (25) over r we get
—Ei—{—l 1/2
No
Tont = . 27
opt (I-E\%‘(BPT)—I—I-l) ( )

Figures 2 and 3 also show the analysis results of this upper bound (Second bound). The
summations havc been performed over all error events of length up to 8.
A looser upper bound (Third bound) can be obtained by observing that [14]

1
Lok > oy, 28)
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where
LK) (LK — 1)!
— 22L3K( s S

« L.K — 1)! 29

By substituting « in (25), this gives another bound for the bit error probability
K
+B,T
a(X 4B,T ) +1
P, > Z EZ N,XN (XN) H [ (Bf(l-;r)) 1 (30)

This expression enables the use of the classical transfer function bound approach to evaluate
the union upper bound on the average bit error probability. From (30) it can be seen that at
high SNR the probability error is inversely proportional to the L, K'th power of the SNR. This
is the combined effect of space diversity and intrinsic time diversity of TCM. Figures 2 and 3
show this upper bound using the transfer function approach. It can be observed that this upper
bound is asymptotically very tight.

3.2. IDEAL PREDETECTION DIVERSITY COHERENT SYSTEMS

In the ideal coherent systems it is assumed that no pilot signal is transmitted along with the
data bearing signal and that the channel estimator at the receiver is able to obtain an exact
estimate of the channel from the data bearing signal itself. In this case the baseband equivalent
of the transmitted signal and the output of the channel estimator can be written as

z(t) = anq(t —nT) (31)
n
and
pr(t) = xx (%), (32)
respectively. Thus,
—1 —1

(33)

Wy =

tinlon = 4B, Nod ’ N, ’
where E; = A?/2 is the equivalent energy per MPSK symbol. Using these expressions, the
approach outlined in [12] has been applied to obtain the results presented in Figure 4. These
results have also been obtained by considering error events having diversity two and three
in the set of “most dominant error events” and using the Chernoff bound calculated in [12,
Appendix A] to derive the pairwise error-event probability for all remaining error-events.
Notice that, with an appropriate choice of the bandwidth of the pilot filter extractor, the
performance of the pilot tone aided coded scheme is quite close to that of the idealized system
for normalized fading rates less than 0.03.

For high signal to noise ratios, the following expression for the average bit error probability
upper bound can be obtained

—-K

Z > alXw, XN)p(Xn)Cr,x [] [Fo dz] : (34)

N Le XN Xy nen
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Figure 4. Bit error probability of a K -branch predetection MRC Du/Vucetic/Zhang four state TCM—-8PSK system
in a Rayleigh fading channel with perfect CSI.

By substituting (29) in (34), this gives a third upper bound for the bit error probability

s a(X ,X X E; -K
P, < Z ZZ ( N CJ:)P( N) H {4N0 d%] ) (35)
N=Ls XN Xy nen

Figure 4 also shows the analytical results obtained through the application of these upper
bounds.
3.3. POSTDETECTION DIVERSITY DIFFERENTIAL DETECTION SYSTEMS

In this case, the nth element of the intcrlcaved trellis coded symbol sequence X n,namely z,,,
is the phasor representation of the MPSK coded symbol A¢,, assigned by the mapper in the
nth transmission interval. It can be written as

T, = eI09n, (36)

Before transmission over the channel, the mapper output symbol sequence, X, is differen-
tially encoded producing the sequence . In phasor notation, the MDPSK coded symbol in
the nth transmission interval can be written as

Hn = Hn—1Tn = Aej(¢n-l+A¢n) = Ael%r (37

and the baseband equivalent of the transmitted signal is
p(t) =3 png(t —nT). (38)
n

Assuming a K branch diversity system and the use of an ideal automatic frequency control
(AFC), that is, a perfect compensation of frequency offsets between emitter and receiver local
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oscillators, the complex envelope of the received signal and the signal at the output of the

reception filter in the kth receiver (k = 1,2,..., K) can be expressed as

r(t) = xk(Ou(t) + vi(t) 39
and

wi(t) = xk(8) Y pnh(t — nT) + ng(t) = xi (8 (8) + na(t), (40)

i1

respectively. In a postdetection diversity receiver, including the differential detection function
[18], each branch input signal is multiplied by its delayed replica, with the time delay t; = T
for differential detection. The combiner output is sent to the demodulator to obtain in-phase
and quadrature channel outputs. After filtering, these signals are sampled by an A/D converter.
Assuming a perfect clock recovery, the complex sample at the deinterleaver output, that is,
the nth element of the output sequence Yy corresponding to the input sequence X will be
given by

K

Yn = D W o 1 Wiy (41)
k=1

Using these quantized symbols, the trellis decoder, implemented as a Viterbi algorithm with
a metric depending upon whether or not channel state information (CSI) is provided, detects
the transmitted sequence based on maximum likelihood estimation. The optimum (maximum-
likelihood) metric depends on the joint two-dimensional (amplitude and phase) statistics of
a received sequence and is quite complicated to implement [7]. Assuming a soft Viterbi
decoding based on the much simpler Gaussian metric, i.e.,

2
K
M(Yns Tn} Zn) = — Z WhnWh 1 — Az, (42)
k=1

the differential detection system can be analyzed as the coherent one and using the previous
received symbol as a reference. That is, expressions (16-18) and (21-23) can be used with

Hpp = E{lwk,n—llz} =A%+ 2No,
Hww = E{Iwk,nlz} = A% + 2N,
ppw = B{w} , jwpn} = Az, Jo21fT),

ICa2 = A%3n — a|? = A%d2,

(43)

where fg is the maximum Doppler frequency and Jy(-) is the Bessel function of order zero.
By substituting all the variables in (43) into (18), we have

~1
16 E2ZNZd2 [(%)2 (1 Berfir)] +2(%) + 1]

tinton =

ki

(44)
—~Jo(27 f4T)

UJn = Y

8N [(%;)2 [1 - Berfil)] +2(5) + 1]
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Figure 5. Bit error probability of a K -branch postdetection MRC Du/Vucetic/Zhang four state TCM-8PSK system
in a Rayleigh fading channel with differential detection and a normalized fading rate of 0.01.

where E;, = A?/2 is the equivalent energy per MDPSK symbol. Using these expressions
to derive the pairwise error-event probability of the “most dominant error events” and the
Chernoff bound calculated in Appendix to derive the pairwise error-event probability for all
remaining error-events, the approach outlined in [12] has been applied to obtain the results
presented in Figures 5 and 6. Normalized fading rates of 0.01 and 0.03 have been considered.
Tt can be seen that the system performance deteriorates as the normalized fading rate increases
and an average bit error floor is clearly shown for fast Rayleigh fading. Comparing the
irreducible error probability obtained without diversity with that obtained with two or three
antenna diversity, we conclude the space diversity applies to the irreducible error floor as well.
The upper bound is very tight for slow fading and high space diversity orders and becomes
less accurate as the fading rate increases.

For both E;/Ny > 0 and Jo(27 f4T) =~ 1, then t1nf2n < wyp and thus expression (22)
can be approximated by expression (24). Therefore, the following expression for the second
upper bound on the average bit error probability is obtained:

B, < i SN a(Xn, Xn)P(Xn)Cr,x 11

N=L; Xy )‘(N neyn

(%)2 [1— JB2nfT)]+2 (%) 41 K

(%)’ Rnfar)d

(45)

The third upper bound from (45) and (28) is

P, < i ZZMXMH

N=Ls Xy Xy nen
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4 [(%;)2 1 - B@rfdD))+2 (%) + 1] “

(%)2J§(2wde)d%

(46)

Figures 5 and 6 also show the analytical results obtained through the application of these
upper bounds. Figure 7 shows the simulation and analytical results for an ideal postdetection
diversity differential detection system, where two consecutive symbols are assumed to fade
coherently, i.e. Jo(2n f4T) = 1.

4. Conclusion

The error performance of reference-based Maximal Ratio Combining (MRC) systems when
used in conjunction with trellis-coded MPSK modulation techniques over a Rayleigh fading
channel, as well as that of MRC trellis-coded MPSK systems with conventional differential
detection have been analyzed. Exact and approximate expressions for the pairwise error-event
probability and three upper bounds to the bit error probability in Rayleigh fading channel have
been derived. Monte-Carlo simulation results, which are more indicative of the exact system
performance, show that the upper bounds are very tight at high signal to noise ratios in most
cases. It is found that with differential detection, Du/Vucetic/Zhang four state 8PSK system
without diversity performs quite well for normalized fading rates of up to 0.03. Beyond this
value, the irreducible error floor produced by differential phase jitter introduced by fading
exceeds 1073, Nevertheless, the irreducible error floor is considerably lower when MRC
antenna diversity is used. The problem of irreducible error floor associated with differential
detection is fully eliminated at the expense of using a pilot tone aided predetection diversity
coherent system. In fact, with an appropriate choice of the bandwidth of the pilot filter extractor,
the performance of the pilot tone aided coded scheme is quite close to that of the idealized
coherent system for normalized fading rates less than 0.03.
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Figure 7. Bit error probability of a K -branch postdetection MRC Du/Vucetic/Zhang four state TCM-8PSK system

in a Rayleigh fading channel with ideal differential detection.
Appendix

The Chemoff bound on the pairwise error probability can be obtained from (23) as [16,
Appendix 4A and 4B}

P(Xy — Xn) =Pr(f >0 Xy) < § E{exp(Af) [ Xn} = 5 G(=)) (A.1)

for any A > 0, where X is the Chernoff parameter to be optimized to get the tightest bound.
For both pilot tone aided and differential systems, optimizing with respect to A leads to

, 1-K
P(Xy — X) <1 Gplwn) = % II [1 _n } : (A2)

nen tinfan
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