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Abstract:

For orthogonal frequency division multiplexing (OFDM) wireless communication, the system throughput and data

rate are usually limited by pilots, especially in a high mobility environment. In this paper, an enhanced iterative joint channel

estimation and symbol detection algorithm is proposed to enhance the system throughput and data rate. With lower pilot

power, the proposed scheme increases system throughput firstly, and then the channel estimation and symbol detection

proceed iteratively within one OFDM symbol to improve the BER performance. In the proposed algorithm, the original channel

estimate of each OFDM symbol is based on the channel estimate of the previous OFDM symbol, thus the variation of the

mobile channel is traced efficiently, so the number of pilots in the time domain can be reduced greatly. Besides reducing the

system overhead, the proposed algorithm is also shown by simulation to give much better BER performance than the

conventional iterative algorithm does.
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Orthogonal  frequency  division  multiplexing
(OFDM) is a choice for a variety of wireless
applications since it has been shown to outperform
single-carrier schemes?’ . For OFDM systems without
co-channel interference, channel parameters estimation
has been investigated to improve system performance by
allowing for coherent demodulation™ .

Although the blind channel estimation techniques
try to estimate the channel without any knowledge of
the transmitted data, they are only effective when a
large amount of date can be collected to make a reliable
stochastic estimation® . Tt is clear that blind channel
estimation is disadvantageous in the case of mobile
wireless, for which the time-varying channel would
preclude accumulation of a large amount of data.
Therefore pilot-symbol-aided channel estimation is
needed for this case.

A wideband radio channel is normally frequency
selective and time variant. For an OFDM mobile
communication system, the channel transfer function
appears unequal in both frequency (i.e. at different
subcarriers) and time domain; that’s the reason the
pilots are spread out throughout both the time and
frequency domains > .

Under the assumption that the first and second
order statistical properties of the channel are already
channel estimation by

known, pilot-symbol-aided
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Wiener filtering brings satisfactory BER performance
while inducing the hard-to-avoid mismatch problem™’ .
Another disadvantage of Wiener filtering is the high
computational complexity for a large number of sub-
carriers.

DFT-based channel estimation, which concen-
trates the channel power to a few coefficients by
transformation, provides an efficient tradeoff between
complexity and performancem . For DFT-based channel
estimation, better performance leads to larger system
overhead. The iterative joint channel estimation and
symbol detection algorithm with high data-to pilot
power ratio (DPR) can provide both satisfactory BER
performance and low system overhead™ . In this paper,
an enhanced iterative joint channel estimation and
symbol detection algorithm is proposed to give much
better performance than Ref. [8] does. The enhanced
algorithm is based on the algorithm proposed in Ref.
[8]; the

computational complexity,

difference is that without any extra
the enhanced algorithm
traces the time-variation of the mobile fading channel
and thus gives better channel estimate and BER

performance.
1 Channel Estimation for OFDM Systems

By multiplexing the training symbols known to the
receiver into the data stream, the receiver is able to
estimate the channel at any time given the observations
at the pilot locations. For an OFDM system consisting
of N sub-carriers, the transmitted symbols including

pilots and data are denoted by
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sCn,k) = {p(n,k)

w(n. k) n=0,1,"3k =

0,1,-,N-1

(D)

where p(n,k) and x(n,k) are the pilot symbol and

the data symbol, respectively, at the n-th OFDM block

and the k-th sub-carrier. Accordingly, the transmitted
symbols can also be denoted in vector notations by

s(n) = {p(n) (2)

For the convenience of analysis, we give the same

n=0,1,"

assumptions as Ref. [8] does.
® The cyclic prefix is not shorter than the maximum
delay of the multipath channel;
® There is no timing error or frequency offset in the
OFDM system;
® The wireless channel does not change within a
whole OFDM block but varies for different OFDM
blocks.
With the assumptions above, the received signal
after DFT, r(n), is formulated in frequency domain by
r(n) = s(n)h(n) + win) (3)
where A(n) and w(n) are the frequency response of
the multipath fading channel and the sample of the
DFT-performed additive

respectively. Based on the received symbols at pilot

white Gaussian noise,
locations, the least square (LS) estimated channel

attenuation in the frequency domain is

ho(n) = hy(n) + 02 (4)

Once the noise-corrupted channel attenuations

located at pilots are known, the channel attenuation at
every point in the pilots-data grid can be obtained by
interpolation, and then coherent detection can be
carried out.

Fig.1 shows the principle of DFT-based channel
estimation”’ . L denotes the normalized maximum time
delay of the channel and M is the number of pilots for
each OFDM symbol (L < M < N). By the inverse
discrete Fourier transformation (IDFT), the estimated
channel parameters in the frequency domain are
transformed to the time domain to obtain the channel
impulse response. Since the constraint L < M is
generally met, M — L — 1 terms from the output of the
IDFT are nothing but noise. Those noise-only terms

were discarded and the channel impulse responses with

L +1 taps were transformed back to give the DFT-based
channel estimation in the frequency domain. In this
paper, we set M = N to suppress the noise to the

greatest extent.
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Fig.1 DFT-based channel estimation

2 Enhanced Iterative Joint Channel Esti-
mation and Symbol Detection Algorithm

By the DFT-based channel estimate, the channel
parameters at the pilot positions are estimated and the
subsequent channel parameters according to the data
symbols are usually estimated by time-domain
interpolation.

According to the LS criterion, the joint optimal
solution of s(n) and h(n) can be obtained by
ls(n),h(n)t = arglmin || r(n) - s(n)h(n) Il ;1 (5)
where || + | is the Frobenius norm.

In Ref.[8], for the purpose of decreasing the
the

according to the pilot symbol is used as the initial

computational complexity, channel estimate
channel estimation for the subsequent data symbols till

the next pilot symbol comes. In the enhanced
algorithm, it is not the pilot symbol, but the estimated
channel estimate according to the last data symbol that
is used as the initial channel estimate of the current
data symbol. Fig.2 shows the block diagram of the
enhanced iterative joint channel estimation and symbol
detection algorithm applied to the n-th received OFDM
symbol. The dashed lines in Fig.2 mean that the initial
channel estimate hpp(n — 1) is used to give the initial
detection and they won’t be used in the subsequent
iterative steps. In the convergence judgment modulo,
instead of being taken as the detection result, d(n) is
encoded and modulated again to estimate the channel

The

iteration goes on till the decoded result is invariant

attenuation, and then the symbol detection.

compared with the result of the last iteration.
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Fig.2 Block diagram of the iterative joint channel estimation and symbol detection algorithm
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In the enhanced algorithm, the estimated channel
parameters of the last OFDM symbol are taken as the
initial channel estimate of the current OFDM block.
Since compared with the channel parameters at the
pilot positions, those at the last OFDM symbols are
relatively static, it is more exact to give an acceptable
initial channel estimation; the system performance will
also be better. This point is also demonstrated in the
computer simulation results.

The enhanced iterative joint channel estimation
and symbol detection is summarized as follows:

1) For the received OFDM symbol r(0) at the
pilot symbol position, the channel estimate fLD”(O) is
obtained by the DFT-based estimation.

2) For the next received OFDM data symbol,
fLDW(O) is used to give the initial symbol detection
£(1), and then £(1) is demodulated and
error-corrected and we get d(1). Then d(1) is coded
and modulated again to obtain $(1), which is used to
give the iterative channel estimation, and then symbol
detection. The iteration won’t terminate until the
error-corrected symbol cAl(l) remains invariable. When
the iteration ceases, d(1) is sent to the sink and
hper (1) is sent to the detector of the next symbol .

3) For the n-th OFDM data symbols, use }ALDFT( n

— 1) to give the initial symbol detection of the current
symbol; the iterative algorithm is about the same as
2). This step is repeated until the next pilot symbol
comes at which time it goes back to 1) .

3 Simulation Results

In the computer simulation, the QPSK modulated
symbols are transmitted through 64 subcarriers. A
six-path WSSUS (wide-sense stationary uncorrelated
scattering) channel model with a 200 Hz maximum
Doppler shift and 8 ps maximum delay spread is
adopted as the time variant multipath channel. A 1/2
rate convolutional code is used to improve the
performance of the algorithm. The bandwidth used is 2
MHz, and the transmitted OFDM block duration is 40
ps of which 8 s consists of cyclic prefix.

We compare the performance of the conventional
algorithm and the enhanced algorithm with DPR = 0,
10 and 20 dB, respectively. For each DPR, three cases
of pilot-data grids are adopted to make the performance
comparison. For case 1, the pilot symbols are
positioned 5 symbols apart, i.e. one pilot symbol is
followed by 4 data symbols; for case 2, the pilot
symbols are positioned 10 symbols apart and for case 3,

the pilot symbols are positioned 20 symbols apart. The

conventional iterative algorithm is applied to these
three cases. In the enhanced case, for which the pilot
symbols are positioned 20 symbols apart, the enhanced
algorithm is applied.

Fig.3 shows the BER and MSE of the channel
estimation when DPR is 0 dB. According to Fig.3(a) ,
the BER performance of the enhanced algorithm is
better than that of case 2 and case 3, of which the
system overhead (pilots) is equal or one time more than
that of the system adopting the enhanced algorithm.
The BER performance of the enhanced algorithm is
about 2 dB worse than that of case 1, of which the
system overhead is four times more than that of the
system adopting the enhanced algorithm. From Fig.
3(b), the MSE of the enhanced algorithm is much
better than that of case 2 and case 3, and a little worse
than that of case 1 at the high SNR region. Thus we
conclude that for systems with equal data-to pilot power
better

ratios, the enhanced algorithm can give

performance under the condition of equal system

overhead.
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Fig.3 Performance
enhanced iterative joint channel estimation and symbol

detection with DPR = 0dB. (a) BER; (b) MSE

Fig.4 illustrates the BER and MSE performance
when the DPR is 10 dB, i.e. the power of the pilot
symbol is 1/10 that of the data symbol. The SNR vs.

BER figure yields the same results as the system with
DPR = 0dB does. From the SNR vs. MSE figure, it is
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worth noticing that the mean square error of the system
adopting the enhanced algorithm is much closer to that
of the system using the conventional iterative
algorithm, which means that with the decrease of the
power of the pilots, the enhanced algorithm gives a

more exact channel estimate.
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Fig.4 Performance comparison of conventional and
enhanced iterative joint channel estimation and symbol

detection with DPR = 10 dB. (a) BER; (b) MSE

The point noticed above is more clearly
demonstrated in Fig.5, where DPR is 20 dB. In this
figure, the system adopting enhanced algorithm gives
the best BER performance: about 2 dB better than the
system adopting the conventional iterative algorithm
with the pilot density four times higher and much better
than the system with the same pilot density. In Fig.
5(b), it is also shown that the enhanced algorithm
outperforms the conventional iterative algorithm.

The performance comparison of BER and MSE of
the systems adopting enhanced iterative joint channel
estimation and symbol detection algorithm is shown in
Fig.6. Four DPR values are involved in making the
comparison. It is worth noticing that the BER
performances are about equal for the systems with DPR
= 0dB and DPR = 10 dB, and less than 2 dB better
than the performance with DPR = 20 dB. The same
results are shown in the SNR vs. MSE figure.
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Fig.5 Performance comparison of conventional and
enhanced iterative joint channel estimation and symbol

detection with DPR = 20 dB. (a) BER; (b) MSE
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4 Conclusion

An enhanced iterative joint channel estimation and
symbol detection algorithm is proposed. With the
enhanced algorithm, system overhead is about two to
four times less than in the system using a conventional
iterative algorithm. Another merit of the enhanced
algorithm is its insensitivity to DPR variation.
Generally the proposed algorithm can trace the
variation of the channel and thus save more system
overhead than the conventional iterative algorithm

does.
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