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Abstract

Orthogonal frequency division multiplexing (OFDM) is a popular technique to mitigate ISI
caused by multipath fading effect of the radio channel. In practice, OFDM could be used in com-
bination with space-time coding, which can be performed in a multiple-input multiple-output
(MIMO) system, to increase the diversity gain and/or to enhance the system capacity over time-
variant and frequency-selective channels. Otherwise, the performance wireless communications
is also primarily limited by multiple-access interference (MAI) in multiuser applications. In this
paper, an iterative receiver structure for space-time block coded MIMO OFDM scheme is ex-
ploited with error control coding technique. We implement multi-user environment and utilize
an iterative method of equlization on receiver based on minimum mean square error (MMSE)
multiuser detection followed by soft-input-soft-output (SISO) convolutional decoding. The fre-
quency domain symbols are estimated in iterative process by updating extrinsic information in
terms of log-likelihood ratios (LLRS).

1. Introduction and Model

In practice, combination of OFDM and space-time block coding (STBC) (Alamouti (1998)) is a
very popular and robust technique to mitigate 1SI and improve the performance of communica-
tion in terms of taking advantage of the spatial diversity in MIMO transmitting systems. it is able
to provide high quality and spectral efficient transmission over a fading channel. Otherwise, the
performance of such STBC MIMO-OFDM systems may also seriously degrade in the presence
of multiple-access interference (MAI) due to multiuser applications. Moreover, as we expect to
implement future wireless communication systems at higher frequency bands, higher levels of
mobility and higher capacities, the sensitivity of systems to both physical movement and channel
variation will increase proportionally. Hence, we should also not ignore the influence upon the
quality of wireless transmission caused by the presence of doubly-selective channel fading.

In this paper, we extend the transmitter structure of MIMO OFDM system from S. Suthaha-
ran, A. & Nallanathan & B. Kannan (2002) for multi-user application and design a novel iterative
symbol estimation scheme with error control coding techniques. A MIMO OFDM system with
two users is implemented in this work, which utilize space-time block codes (STBC) and iterative
MMSE multiuser detection with convolutional channel decoding by updating extrinsic informa-
tion in terms of log-likelihood ratios (LLRsS), whereas the proposed scheme exploits two transmit
antennas for each user terminal and two receive antennas at the receiver. The system is describe
in Fig. 1. All channel knowledge is assumed known perfectly throughout.

First, the incoming data stream is encoded by a half rate convolutional encoder, and then,
passed through an interleaving stage.itheiser’'s continuous input signal block(lg ands(z') will
be encoded as two consecutive transmitting OFDM symbol blmgk& [xg')(O), e ,x(l')(N -

17 andx}) = x(0), -+, X! (N = 1)]T, which are the frequency domain symbdis; 1,2.
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FIGURE 1. Two user convolutional coded STBC MIMO-OFDM transmission system

Then, space-time block encoding processing in implemented on the signal and the OFDM mod-
ulator is applied to the outputs of the space time encoder. The outputs of the OFDM modula-
tors are transmitted using multiple antennas simultaneously. At the each of receive antenna, the
samples corresponding to the cyclic prefix are first removed and one received OFDM block in
frequency domain can be represented as

t= Fre = FHOF xRy — HOx0) 4n ) (1.1)
whereH ‘(;') is the time-domain channel (time-variant, circular) convolution matrix ofidizeN
passed by théth user’s signal, which is described in Schniter (2004). Moreokedenotes
the N x N DFT matrix andH () is defined as theubcarrier coupling matrixIn this paper, we
adapt STBC scheme which is similar to the scheme in A. F. Naguib & N. R. Canderbank (1998)
for each MIMO OFDM system terminal. Here, we could assume that the time domain channel
responses are constant during two consecutive OFDM block intervals, i.e. quasi-static. Hence,
the signal vectors during the two sequential OFDM time-séoend b could be obtained as
1 @ (1 (1)

=t X || 2 |-

X1 X3 X1 X2

Hqj = [Hglj),Hézj)], which ng) is the frequency domain channel matrix for e user’s signal

transmitted from thejth transmit antenna to thgh receive antenna, amgle {1,2}, in terms
of diagonal matrix formed by the channel impulse response in frequency domain, (see in P. L.

Kafle,& A. B. Sesay & J. Mcrory (2004)). For simplicity of notations, let us define signal vector
W @7 @O @ 1_[ 13 Nia
X=[X3" ,X; ,X3  ,Xy | ,received vector: = (| andny = e | Therefore, we
b 1b
could writer} andr}’ in a matrix form ag'® = H1x+n;. The equivalent channel matrix from

+Hop + N1, andri =Hy, + Ny, Where
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similar method, we could describe the output at the second receive antemtas Bsx + 1.
Here, the overall receive vector is represented by combinliragdr? as

r:“;]:[gi}.wﬂgi]:ﬂ.wﬂ] (1.2)

transmitter to the first receive antennas could be representéti as[

whereH is the overall equivalent channel matrix between transmitter and receiver.
2. lterative Estimation and Channel Decoding Algorithm

Through utilization of the overall channel matr, the transmitted signal can be estimated

by maximizing the posteriori probability in iterative processing. The first step is to estimate
the frequency domain samples through linear MMSE equalizer. The noise in (1.2) is assumed
uncorrelated and zero mean, We derive the MMSE equalizethrough minimizing the cost
function J(wp) = E{|x(n)—wﬁr|2}. Hence, we obtain the MMSE equalizer coefficient vector

wy, and the estimated valu€n)s as

wn = (HCow(x,x)A" +621,,) "tHCoMx, x(n)] (2.1)

R(n) = X(n) +wh (r — HX) (2.2)

Here,x(n) = E{x(n)} andXx = E{x}, where assuming thdix(n) +# 0}. By (2.1) and (2.2),
we estimate the values d¢R(n)} at first. Next, we need update new estimate{>dh)} and
{CoVx(n),x(n)]} based ork(n)s. Here, theextrinsic informations utilized to find the posterior
values for updatingx(n)} and{Co\{x(n),x(n)]} into x andCoVx, x] (from (2.1) and (2.2)). We
set initialization byvx(n) = 0 andvCoVx(n),x(n)] = 1. With utilization of BPSK signals, the
iterative updating processing could work through finding the log-likelihood ratios (LLR)s from
{X(n)}. Hence, We could define the difference between the posterior and prior LLRS)ais

B o Prex(n) =1z} Prix(n)=1} PH{R(N)[xn=1}
AL = LX) =LK =10 e =g 3 " B = —1) " PR oy
2.3)

As the signak(n) = b e {+1, -1}, the conditional probability density function (PDF)xth)

—Mn (D)) (X(M) —mn(b))
0% lx(n)=b

tional mean and covariance valueioh) could be defined, respectively, @g(b) = E{X(n)|xn)—b} =

wH hinb ando2|y ) —p = COVR(N), k(M) |x(n)=b] = Wi N — Wi hnhfwy, wherehy, is thenth column

of H. Because of initialization, it yieldss[x(n)] = 0 at the beginning of iteration. Hence, we could

exp| — &0)=m(+1)?
Olx(n)=+1 4Re(X(N)} - -
= T m,. - Once the LLRs are obtained, the posterior
eXp(, (i(nz)*mn(*l))2>} 1-hRlwn

Klx(n)=—1
values can be represented>@s)new = tanh(%) and Covx(n),x(N)]new = 1 — X(N)2e\,

(see in Schniter (2004)). These posterior values will be updated into (2.1) and (2.2) to find esti-
mate values. Finally, these values are passed to the channel decoders. We use SISO convolutional
decoder using Viterbi decoding. From the SISO decoder, the new error corrected estiations
will be passed to the iterative MMSE multiuser, in turn, until the specified number of iterations
has elapsed.

is expressed aBr{X(n)|xn)-b} ~ exp| — (*(n) i , Where the posterior condi-

obtainAL[x(n)] =In
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FIGURE 2. Performance comparison for iterative scheme when fading rate is 1KHz and 5kHz.

3. Numerical Results and Conclusions

With assumption of 1IMHz transmitting bandwidth, which is divided into 32 sub-carriers, we ex-
ploit that each serial user data stream contains 64 symbols for two consecutive time slots. The
simulation is implemented over a MIMO slow fading channel, which each sub-channel have 3
paths, generated by using the typical Jakes fading model and assumed to be uncorrelated among
different transmitting antennas. Fig. 2 presents the bit error rate performance comparison of the
proposed iterative receiver for different fading rate channel environment (maximum Doppler fre-
quency fd = 1kHz and fd = 5kHZ2). By comparison, we observe significant improvement of
system performance by iterative processing over slow fading channel environment. Even though
the performance degrades at higher SNR values with maximum Doppler frequency rising, the
scheme still achieve benefit for performance within iterative processing. The simulation results
indicate that the proposed scheme could obtain substantial performance improvement over multi-
user slow fading channel environment only after three iterations.
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