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Introduction

In this contribution, a novel design method using frequency diversity for STBC in OFDM/OFDMA is proposed

Background

In this contribution we propose space-time frequency block coded OFDM using two transmission antennas.
This space-time frequency block code can simultaneously obtain space & frequency diversity gain, so that the
performance of using two transmission antennas are almost equivalent to use 4 transmission antennas. ST-
frequency code is composed of 2 parts: One for replica generator, which reproduces OFDM symbol to make
frequency diversity. Another symbol is cyclically shift data in sub-carrier basis. The amount of cyclic shift is
based on the stochastic properties of the channel environments. And then, to obtain space diversity two symbols
made of replica generator are mapped into space-time block code. At the receiver the transmission signal is
decoded with respect to reverse process. The decoder of Space-Time frequency block code is composed of 2
parts.  The first decoding pass is done by enable the received signal to the space-time block encoder. Through
the first pass the signal split into two symbols. Then cyclically “re-shift” the signal to replace the replica
symbol. The decoding process is completed after the combination of such two symbols and decides to the
nearest signal point using channel state information. After above procedure space-time frequency block code
obtains order-2 space diversity and order-2 frequency diversity gain. After all, the encoding and decoding
process of the STFBC is made of linear function and requires simple operation.

Covariance matrix of OFDM system

Channel impulse response of L multi-path frequency selective fading  can be modeled as L-Tap FIR filter as,
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where h(i) is attenuation factor of channel impulse response of  i-th path iτ is time delay of i-th path. In multiple
transmission antenna system each channel coefficient is zero-mean independent gaussian random variable. And
also assume power delay profile of channel is uniformly distributed.

Then, of the properties of OFDM system give the frequency response of the channel of the kth sub-carrier of
the received OFDM signal after FFT at receiver as,
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N is the total sub-carrier number of OFDM symbol. The channel correlation of the CIR of k-th and (k+∆k) -th
sub-carrier for calculate the channel covariance matrix is as following,
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Because, each channel tap coefficients are uncorrelated to each other. σ2 is variance of the i-th channel tap
coefficients, and equivalent to power of i-th path. If all the channel power delay profiles are uniformly
distributed, σ2=1/L
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The channel vector is defined as,
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Then Covariance matrix is as following
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of the equation (4) ρ∆κhave following properties

1.  *
kk ∆∆− = ρρ

2.  kk ∆∆− = ρρ

3.  kNk ∆−∆− = ρρ

from the property (1) and (3) the covariance matrix is expressed by cyclic hermite matrix.

To maximize the frequency diversity select optimum sub-carrier position

The basic concept of diversity is receive transmitted signal contain same symbol but independent fading
channel. So realize diversity concept in OFDM system transmit two symbols, and each symbol have to allocate
in different sub-carrier. But, to maximize the diversity gain each replica symbol should experience independent
fading channel. Since, the sub-carriers of replica symbol is transmitted through uncorrelated sub-carriers.
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Such uncorrelated sub-carrier can be found through the condition ρκ1κ2=0 in equation 4, and then the following
equation should be satisfied.
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where 012 ≠∆k . Finally 12k∆  is the function of the distance of two sub-carriers. Then general solution of
equation 7 is

L
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where m is none-zero integer. If let 0k1 = then 11 12 −≤∆≤ Nk , so

ππππ
N

L
L

N

Lk

N

L −≤∆≤ 12                                                     (9)

and

N

L
Lm

N

L −≤≤                                                                  (10)

where m, L and N is positive integer, so,

11 −≤≤ Lm                                                                    (11)

From equation 11 the number of sub-carrier uncorrelated to 0th sub-carrier is L-1. Include 0th carrier the
number is L. According to the property 3 of the channel covariance matrix, the number of sub-carrier
uncorrelated to arbitrary k-th sub-carrier is L in L-path fading channel environments.

Maximum frequency diversity achievable OFDM system structure

Three things have to be considered in the frequency diversity system.

1. Maximize diversity gain

2. Distance between all sub-carrier shall be maintained.

3. Robust property of channel correlation between sub-carrier.

When L=4 and N=64 the following figure is the magnitude of the correlation of sub-carriers respective to 0th
sub-carrier.
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Figure 1

As the figure indicate the maximum separation of sub-carrier is N/2.  And in general, the optimum
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Where,  x  is maximum integer not exceed x. According to channel covariance matrix property 3 the

correlation vector is cyclically rotate to each other. So the maximum separable sub-carrier spacing k’ is

k’=(k+d) mod N      (13)

where, mod is modulo operator.

Cyclic sub-carrier shift frequency diversity

An OFDM symbol s is composed of N modulation symbols

S=[s(0)  … s(N-1)]T

Before the symbol transmission, we can generate another symbol using cyclic shift device. The amount of sub-
carrier shift d is defined by equation (12). Then

X1=s=[s(0), … s(N-1)]T
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X2=   [s(N-d),… s(N-1), s(0),…s(N-d-1)]T

Two symbols sequentially transmitted through STBC structure. Figure 3 is STFBC transmission block diagram
and figure 4 is receiver block diagram.
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Figure 2 Transmission scheme of ST-frequency Block code
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Figure 3 Rx scheme of ST-frequency Block code
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Simulation environments and results

In this section we shall consider the case of simulation of STFBC(space-time frequency block code) under
independent Rayleigh fading channels environments. The channel order is set to 10 and the modulation uses 16
QAM. It assumes the channel state & order information is given. In the case of simulation of STBC 4 tx
antenna is compared to 2 tx antenna STFBC, same performance is shown in figure 4. Compare to 3 tx antenna
using STBC in 10-4 SER(symbol error rate) it shows approx. 2.5dB  SNR gain.

When we set the transmission rate constraints under same condition the STFBC shows further improvements.
AS shown in figure 5 the STBC parameter is set to 2 tx antennas and  1 rx antenna, and the channel & order
information is assumed perfectly estimated. Then using 16QAM in STFBC and QPSK  in STBC results same
transmission rate of  2bits/sub-carrier. In  10-5 BER, the performance improvements shown in figure 5 are
approximately more than 5dB gain in EbN0. If correlation between transmission antennas increases, the
performance also improves impressively

Figure 4 comparisons of performance of STBC and STFBC
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Figure 5 comparisons of STBC and STFBC in same transmission rate constraints

Conclusion

• Characteristics of Space-Time Block Coding (STBC)

It has simple structure and full space diversity gain. But there are many problem when using more than 3
antennas in OFDM system. The hardware and operational complexity is increase, and transmission rate
decrease)

–• Advantage of  Space-Time and Frequency Block Coding (STFBC)

Novel structure of STBC using OFDM can overcome the problem of STBC-OFDM. This scheme not only
maximizes Space Diversity but also frequency Diversity gain. And it is also because of using frequency
diversity so that the number of tx antenna is not required to be increased.

–• Compatible to existing STBC-OFDM

Proposed scheme also minimizes change of existing structure. The only added process is the cyclic shift of sub-
carrier as replication of original symbols. And the length the channel impulse response L can be easily obtained
from channel estimation process of the receiver end. A small amount of channel estimation error is not affect
whole performance much. Finally, the frequency diversity process is a simple linear function, so further
performance gain can be obtained from code combining and ARQ schemes.

–• Tx diversity scheme for OFDM/OFDMA system is desirable to use the STFBC is strongly requested.


