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Abstract — The paper studies the bit-error-rate (BER)
performance of a pilot-symbol-aided (PSA) 16QAM system with
an N-branch postdetection selection combining diversity
reception over multipath fading channels. Both pilot symbols
and data symbols are used to compensate for the fading
distortion. Computer simulation results have shown that the use
of diversity reception can significantly improve the BER
performance of the PSA-16QAM system. The improvement is
more significant at high signal-to-noise ratio (SNR) and at high
signal-to-interference ratio (SIR).

1. Introduction

To cope with the bandwidth requirement for wireless
personal multimedia applications, spectrally efficient signals
(e.g. 16QAM) are expected to be used [1]. When spectrally
efficient signals are transmitted over mobile radio channels,
multipath fading causes severe signal distortion and hence
degradation in system performance. It is known that
pilot-symbol-aided (PSA) techniques can be used to

compensate for multipath fading distortion [1-8]. In
conventional PSA techniques [2-4], the fading estimation
processes make use of only the pilot symbols but ignore the
fading information in data symbols. A simple and novel PSA
technique that makes use of both pilot and data symbols has
been proposed and results have shown that substantial
improvements on bit-error rate (BER) performance can be
achieved [5]. Recently, the use of diversity reception in PSA
systems received much attention and some work has been
done in this aspect [6-8]. This paper extends the previous
work in [5] and studies the effectiveness of incorporating an
N-branch postdetection selection combining diversity
reception technique in a PSA-16QAM system.

I1. System Model

The baseband equivalent model of the data-transmission
system with diversity reception is shown in Fig. 1. The
information to be transmitted is carried by binary digits {i, }.
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Fig. 1. System model.
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When the encoder has received the binary data {u,} at time
t=nT seconds (where n is a positive integer and 7 is the
symbol duration), it maps these signals into appropriate data
symbol {g, .} according to the 16QAM signal constellation.
In the transmitter of Fig. 1, for every (L-1)-data symbols, a
pilot symbol from a known pseudorandom-symbol sequence
(Pro} is inserted to form a frame of L-symbol long, as shown
in Fig. 2. A pseudorandom-symbol sequence of pilot symbols
is used to avoid transmitting tones. To minimize the
performance degradation due to additive white Gaussian
noise (AWGN), the signals in { Pro) are chosen from those
signal vectors with the largest energy level in the signal
constellation [5].
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Fig. 2. Frame structure.

Attime ¢t =nT seconds, the symbol (either a data symbol or a
pilot symbol) to be transmitted is used to form an impulse
q,0(t —nT), which is fed to a premodulation filter with an
impulse response q(r) . The g, is complex-valued and is
either a data symbol ¢ , or a pilot symbol Pro> and §(¢) is
the Dirac-delta functlon At the premodulation filter output,
the signal becomes znqna(t—nT)~ This signal is then used
to linearly modulate a carrier signal to produce the transmit
signal. Each of the transmission paths (transmission paths #1,
#2, ..., and #N) in Fig. 1 introduces a Rayleigh-fading
distortion to the corresponding input signal. It is assumed that
all the received signals through transmission paths #1, #2, ...,
and #N have the same power level and arrived at the receivers
at the same time. The distortions in these transmission paths
are assumed to be statistically uncorrelated and independent
of each other. The N receivers in Fig. 1 account for the
N-branch diversity reception system and each path is called a
diversity branch. Stationary noise and CCI are assumed to be
added at the inputs of the N receivers.

Signals from the N receivers are then filtered by the
associated postdemodulation filters which are taken to have
the same impulse response g(¢) as the premodulation filter in
the transmitter. To eliminate the effect of ISI due to the
premodulation and postdemodulation filters, the resultant
transfer function of the two filters in cascade has a sinusoidal
roll-off of 100%. The selection circuit will then select a data
frame from one of the N receivers for signal detection. The
proposed selection criterion is described in the next section.

III. Selection Method of Diversity Reception

It is assumed here that frame synchronization of the received
signals from the N receivers has been achieved. At the output
of the postdemodulation filter in receiver #J, where J=1,
2, ..., or N, the sample signal at the i-th position of the k-th
received frame can be written as

Tiki =GeiVoki Y Coui T Woki (1

where ¢, , is either a pilot symbol or a data symbol, y . is
the fading distortion, ¢, , . is the sample of CCL, and w, , , is
the sample of noise. For i = 0, the signal is

Tyko = PioYiko TCrko T Wiko 2

where Pro is the pilot symbol in the A-th frame. For
=1,2,.., L-1,the signal is

Prpi =i Vo tCr W, 3)

where d,, is the data symbol at the i-th position of the
k-th frame Since the pilot symbol Pro is known at the
receivers, y Jk0 for receiver #/ can be obtained, from (2), as
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In low noise and low CCI environments, Vo and Y kato
can be estimated, respectively, as
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and are used to select the best data-frame from the N receivers.
The proposed selection method depends on the estimated
fading distortions of the two pilot symbols (both in-phase,
Regﬁj’k’o + JA’J,M,O; and quadrature components,
(P, , 0+ 7,400 ) in the k-th and (k+1)-th frame. Thus, for
signals in the k-th frames, the selection circuit computes the
values of

H, =‘ Re(j}J,k,O +J/>J,k+1,0) ‘ +‘ Im(JA’J,k,o +J>J,k+1,0) ‘ (6)

for J=1, 2, ..., and N, using the two pilot symbols in the
associated k-th and (k+1)-th frames. The circuit selects the
k-th data frame associated with the largest value of H, from
these N receivers. If more than one receiver have the same
value of H,, the selection circuit selects any one of them.
Once a receiver is selected for signal detection, the fading
compensation process of the k-th frame from that receiver
begins.

IV. Multipath Fading Compensation

Assume the signal from receiver #M has been selected for
detection. At the postdemodulation filter output of
receiver #M, the baseband signal is



=3 lg,a(t=nT)y, O] #a@) +c, @O +w, (&) (7

where y, (¢) is the combined fading distortion introduced in
transmission path #M, ¢, (¢#) and w,, (¢) are the filtered CCI
and the filtered noise waveforms with a single-sided power
spectrum of N, at receiver #M, respectively. When the
baseband signal r(¢) is sampled in synchronism at time
instants {7} and a(¢)*a(z) =1 at time ¢ =0, signal at time
t=nT is given by

rM,n :qnyM,n+cM,n+wM,n (8)

Where yM,n :yM(nT)’ cM,n :cM(nT)’ and WM,n =M’/M (}’ZT)

To simplify the notations, the sample signal at the i-th
position of the k-th received frame (from receiver #M) can be
written as

Tei =iV TCri ¥ W (%a)

where g, . is either a pilot symbol or a data symbol, y, . and
w,, are the change, the CCI and the noise sample at the i-th
symbol of the k-th frame, respectively. For i = 0, the sample
signal is

Teo = ProVio TCi ¥ Wi (9b)
where p, - is the pilot symbol in the k-th frame. For
i=1,2,..,L-1, the sample signal is

Vei = dk,iyk,i te tw, (9¢)

where ¢, is a data symbol at the i-th symbol of the
k-th frame When dp Vi, >>C v W Vi and Vi1 €310
be estimated as
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The compensation process is suitable for frame lengths of 4, 8,
16, ..., or 2™, where m is an integer, and consists of two stages.
The first stage works on the data symbols in the even-number
positions (i.e., i = 2, 4, ..., L-2), while the second stage works
on the data symbols in the odd-number positions (i.e., i =1,
3, ..., L-1) of a frame.

Compensation in Even-Number Positions

The changes on the pilot symbols due to fading distortion in
the k-th frame, 3 k0 and in the (k+1)-th frame, j foro> AN be
obtained using (10). The estimate of y, , , is obtained as

JA/k,o + .),>k+1,0

J7k,L/2 = 5 (11a)

This signal is then used to correct the fading effects in ¥l
to give an estimate of the data signal
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Trn == (11b)
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which is threshold detected to produce the data symbol J

kL/2"

A more accurate fading distortion in r, , , is then given by
o / d, L . If L =4, the compensation process for the data
symbols in the even-number positions is completed, and the
compensation process for the data symbols in the odd-number
positions begins. However, if L =8, the compensation
process for the data symbols in the even-number positions
continues as follows. Since the detected data symbol d L2 i
a possible signal vector on the constellation and the estlmate
of Vi uSing rk,L/Z/dk,L/Z is closer to YiLia and Yijria
than Peo and Pirto 2 respectively, in terms of time. In a
slowly faded channel, better estimates of Vissa and ViaLss
can then be obtained as, respectively,
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These signals 'j;k’LM and ;k,gLM are' used to correct Felia and
respectively, to obtain the signals
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which are used to obtain the detected data symbols (L4 and
dk s4- FOr L =16, 32, .., 2", similar equations can be

derived. The compensatlon process continues until all the
data symbols in the even-number positions are done. Then the
compensation process for the data symbols in the odd-number
positions begins.

Compensation in Odd-Number Positions

For compensation of the data symbols in the odd-number
positions, ¥, and 7, , are obtained as
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All the corrected 51gnal samples {7} are fed to the threshold
detector to produce {d .} which are finally decoded into the
binary data {i7,}. Every time, when a data frame is selected
by the selection circuit from one of the receivers, the whole
compensation process repeats.



The major advantages of the proposed selection diversity
reception technique are simple implementation and only
simple signal processing is required at the receiver. These
features are particularly essential to many real-time and
delay-sensitive applications, such as voice communications,
in the mobile environments.

V. BER Performance of PSA-16QAM
Basic Assumptions

Intensive computer-simulation tests have been carried out to
investigate the effect of the proposed N-branch diversity
reception technique, with N=1, 2, 3, and 4, on the BER
performance of PSA-16QAM over multipath-fading channels.
Throughout the tests, a normalized Doppler spread, 7,7, of
0.005 (which corresponds to a carrier frequency of 900 MHz
at a relative velocity between the transmitter and receiver of
48 km/hr), a transmission rate of 32 kbps and a frame length
of L =8 are used. All results presented are already taken into
account the signal energy and system throughput
degradations due to transmitting the pilot symbols [4]. The
average signal-to-noise ratio (SNR) is defined as

SNR =10 log (E,/N,) dB (14)

where E, is the average transmitted bit energy (after taken
into account the energy loss due to transmitting the pilot
symbols) and N, is the single-sided power spectral density
of AWGN. The average signal-to-interference ratio (SIR) is
defined as

SIR=101log (S/I) dB (15)

where S is the average signal power and / is the average
power of CCI. In the frequency-selective fading channels, the
power ratio of the main-path signal to delayed-path signal is
defined as

CDR =101log (C/D) dB (16)

where C and D are the main-path signal power and
delayed-path signal power, respectively. The normalized
time-delay of the delayed-path signal, relative to the
main-path signal is defined as 7/T , where 7 is the time-delay
and 7 is the symbol duration.

BER Performance

In the frequency-nonselective Rayleigh-fading channel (i.e.
CDR = dB) and absence of CCI (i.e. SIR =« dB), the
BER performance of the PSA-16QAM against SNR is shown
in Fig.3. When SNR =20dB, the use of the diversity
reception technique improves the BERs by factors of 10.89
(from 9.8x10™° to 9.0x10™ ), 98 (from 9.8x10~° to
1.0x107*) and 408.33 (from 9.8x107° to 2.4x107°), for
N=2, 3 and 4, respectively, relative to that of the
non-diversity reception system (N=1 with a BER of

9.8x107*). The improvement is more significant for higher
SNR. When SNR =30 dB, the diversity improvement for
N =2 is increased to 83.33 (from 1.0x107 to 1.2x107%).
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Fig. 3. BER performance against SNR.

In the absence of noise, the BER performance of
PSA-16QAM against SIR is shown in Fig.4. When
SIR =20 dB, the use of the diversity reception technique
improves the BERs by factors of 3.7 (from 3.0x107 to
8.1x107), 7.5 (from 3.0x107 to 4.0x107) and 15 (from
3.0x107 to 2.0x107°) for N=2,3,and 4, respectively,
relative to that obtained by the non-diversity reception system.
The improvement is more significant for higher SIR.
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Fig. 4. BER performance against SIR.

In the absence of both noise and CCI, the BER floor
performance of PSA-16QAM against CDR in the
frequency-selective ~ Rayleigh-fading  channels,  with
normalized delays of 7/7 =0.125 and 0.5, is shown in Fig. 5.
It can be seen that the diversity reception technique is more
effective for shorter normalized delay. When 7/7 =0.125



and CDR =0 dB, the 2-branch diversity reception system
reduces the BER floor by a factor of 15.48 (from 4.8x107° to
3.1x107"), relative to that of the non-diversity reception
system. The reduction is less significant for z/7 =0.5 and
CDR =0dB, thus the BER floors are sensitive to the
normalized delay.
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Fig. 5. BER floor performance against CDR.

The BER floor performance of PSA-16QAM against
normalized delay, 7/7, in the absence of noise and CCI,
when CDR =3 dB and 10 dB, is shown in Figs. 6a and 6b,
respectively. It is evident again that the diversity reception
technique is more effective for shorter normalized delay and
higher CDR. When 7/7=0.125 and CDR=3dB, the
diversity reception system improves the BER floors by
factors of 17.7 (from 3.9x107 to 2.2x10™*) and 150 (from
3.9%107 to 2.6x107), for N=2 and 3, respectively. When
CDR =10 dB and N = 2, the improvement becomes 40 (from
1.4x107 to 3.5x107°). As the normalized delay increases,
the diversity improvement reduces.
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Fig. 6a. BER floor performance against 7/7 when CDR = 3 dB.
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Fig. 6b. BER floor performance against 7/7 when CDR = 10 dB.

VI. Summary and Conclusions

The paper studies the effectiveness of incorporating an
N-branch postdetection selection combining diversity
reception technique, with N = 1, 2, 3 and 4, on the BER
performance of a PSA-16QAM system over multipath fading
channels. The diversity improvement is found more
significant for higher SNR, higher SIR, lower BER, shorter
normalized delay and higher CDR. The major advantage of
the proposed diversity reception technique is the simple
signal-processing requirement, which are essential for
wireless personal multimedia applications.

References

[1] H. Gharavi, “Pilot-Assisted 16-Level QAM for Wireless Video,”
IEEE Trans. Circuits & Systems for Video Tech., Vol. 12, no. 2, pp.
77-89, Feb 2002.

[2] S. Sampei and T. Sunaga, “Rayleigh Fading Compensation for
QAM in Land Mobile Radio Communications,” /[EEE Trans. Veh.
Technol., Vol. 42, no. 2, pp. 137-147, May 1993.

[3]1C. L. Liu and K. Feher, “Pilot-Symbol Aided Coherent M-ary
PSK in Frequency-Selective Fast Rayleigh Fading Channels,” I[EEE
Trans. Commun., Vol. 42, no. 1, pp. 54-62, Jan 1994.

[4] H. K. Lau and S. W. Cheung, “A Fade-Compensation Technique
for Digital Land Mobile Satellite Systems,” Int’l J. of Satellite
Commun., Vol. 14, no. 4, pp. 341-349, 1996.

[5]H. K. Lau and S. W. Cheung, “Pilot-Symbol-Aided 16PSK and
16QAM for Digital Land Mobile Radio Systems,” Wireless
Personal Commun., Vol. 8, no. 1, pp. 37-51, 1998.

[6] J. C. Guey, et. al., “Signal Design for Transmitter Diversity
Wireless Communication Systems over Rayleigh Fading Channels,”
IEEE Trans. Commun., Vol. 47, no. 4, pp. 527-537, Apr 1999.

[7] P. Polydorou and P. Ho, “Error Performance of MPSK with
Diversity Combining in Non-uniform Rayleigh Fading and
Non-ideal Channel Estimation,” in Proc. of VTC 2000 Spring, 2000,
pp.627-631.

[8]1. Saarinen and A. Mammela, “Power Control, Diversity and
Channel Coding in Feedback Communications over a Fading
Channel,” in Proc. of PIMRC 2000, 2000, pp. 1573-1577.



	Home: 
	Top: 


