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Abstract- In a 4G OFDM system the channel needs to be constant during transmission of one orthogonal design. The 
elements of the orthogonal design can be distributed as space-time block code over successive OFDM symbols which might 
cause problems in fast fading channels. To avoid the problem of fast channel variations in time, the symbols of an 
orthogonal design can be transmitted on neighbouring subcarriers of the same Orthogonal Frequency Division Multiplexing 
(OFDM) symbol rather than on the same subcarrier of the subsequent OFDM symbols. This also reduces the transmission 
delay. Space-Frequency Block Codes (SFBC) avoids the problem of fast time variations. SFBC with maximum likelihood 
detector is introduced and examined for flat and frequency-selective channels over various values of Doppler frequencies 
and various type of modulation (QPSK, 8-PSK, 16-QAM and 32-QAM). The accuracy and effectiveness of the theoretical 
analysis is verified by the results with idealized multipath channel models as well as the ITU pedestrian and vehicular 
channel models. 
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I. INTRODUCTION  

 
The specifications of Long Term Evolution (LTE) 
recently finalized by the 3rd Generation Partnership 
Project (3GPP) target a peak data rate of 300 Mb/s or 
more for downlink within a 20MHz spectrum 
allocation. To achieve the required spectral 
efficiency, physical-layer air interface based on 
MIMO-OFDM has been defined. There are two 
modes in which MIMO can improve LTE system 
performance. One mode is spatial multiplexing, in 
which the vertical Bell Labs layered space-time (V-
BLAST) codes are employed to obtain capacity gain. 
The other mode is transmit diversity, in which the 
space-frequency block codes (SFBC) are used to 
obtain diversity gain [7]. 

 
Wireless broadband systems offer different sources of 
diversity which should be properly exploited by a 
coding and transmission scheme: Temporal diversity, 
frequency diversity and spatial diversity. Spatial 
diversity can be obtained by using multiple antennas 
and space-time codes. The wireless channel mainly 
suffers from time-varying fading due to multipath 
propagation and destructive superposition of signal 
received over different paths, which make it hard for 
the receiver to reliably determine the transmitted 
signal unless some less attenuated replica of the 
signal are provided to the receiver. Transmitting the 
replica of the signal is called diversity [6]. Space-time 
block coding has emerged as an efficient means of 
achieving near optimal transmitter diversity gain [1]. 
Existing implementations are sensitive to delay 
spreads and, therefore, are limited to flat fading 
environments, such as indoor wireless networks.  

This is a problem in environments with high Doppler 
frequency caused by carrier frequencies around 5 
GHz and high vehicular speed. On the other hand, the 
parallel channels provided in OFDM allow 
transmitting the symbols of a space-time block code 
matrix on neighbouring subcarriers rather than 
successive OFDM symbols resulting in a space-
frequency block code. 
 
The paper is structured as follows: In section II 
Basics of SFBC technique is discussed. In Section III, 
the maximum likelihood detector diversity is 
discussed and simple mathematical descriptions are 
given.Section IV is dedicated to the simulation results 
with bit error rate analysis and performance. Finally, 
conclusions are presented in section V. 
 
II. SPACE-FREQUENCY BLOCK CODE-

OFDM (SFBC-OFDM) 
 
To avoid the problem of fast channel variations in 
time, the symbols of an orthogonal design can be 
transmitted on neighboring subcarriers of the same 
OFDM symbol rather than on the same subcarrier of 
the subsequent OFDM symbols. This also reduces the 
transmission delay. As depicted in Figure 1, SFBC   
encodes a pair of symbols, s1 and s2 into four 
variants s1, s2, -s2* and s1* and transmits s1 and –
s2* over a certain sub-carrier from the two antennas. 
However, the other two variants, s2 and s1*, are 
transmitted from the subsequent contiguous or dis-
contiguous sub-carriers. That is, each symbol (or its 
positive/negative conjugate) is transmitted from two 
antennas and over two sub-carriers (rather than over 
two OFDM symbols in STBC). 
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Figure 1: An example of SFBC encoding [4] 

 
However, the channel needs to be about constant over 
P neighbouring subcarriers. This is true in channels 
with low frequency-selectivity or can be 
accomplished by using a large number of subcarriers 
in order to make the subcarrier spacing very narrow. 
Space-Frequency Block Codes avoid the problem of 
fast time variations. However, the performance will 
degrade in heavily frequency- selective channels 
where the assumption of constant channel coefficients 
over a space-frequency block code matrix is not 
justified. Particularly, this is a problem for a system 
having more than two-transmit antennas.  
 
The transmitter block diagram of conventional 2x2 
SFBC-OFDM shown in Figure 2.  
 

 
Figure 2: Space-frequency block code in OFDM. Ns=2, Nt=2 

[2] 

 
Figure 3: Maximum likelihood detector at Receiver to extract 

transmitted signals [1] 
An example for Nt=2 transmit antennas and Ns=2 
subcarriers is given in Figure 2. After the mapping 

according to the orthogonal design on Nt streams 
associated with the transmit antennas, a simple serial 
to parallel converter can be used for each transmit 
antenna. Consequently, at the receiver a parallel to 
serial converter is used after the FFT. 
 
Space-frequency encoder codes each data vector X(n) 
(depending on Alamouti code), 

 
X(n)=[X(n,0) X(n,1)….X(n,K-2) X(n,K-1)] 

 
Into two vectors X1(n) and X2(n) as 

X1(n)=[X(n,0) –X*(n,1)….X(n,K-2) -X*(n,K-1)] 
 

X2(n)=[X(n,1) X*(n,0)….X(n,K-1) X*(n,K-2)] 
 

where K is the number of subcarriers, and * denotes 
complex conjugate. 
 
received signals are combined to At the receiver: the 
signals at the first receiver (Rx

1
) are 

y11= h11x1 + h12x2 + n11............... (1) 

 
 y12= -h11x2

* + h12x1
* + n12............ (2) 

 
While the signals at the second receiver (Rx

2
) are: 

y21= h21x1 + h22x2 + n21............... (3) 

 
 y22= -h21x2

* + h22x1
* + n22............ (4) 

 
Where h11, h12, h21 and h22 are the channel 
coefficients. 
 
At the combiner, the received signals are combined to 
extract the transmitted signals x1 and x2 from the 
received signals y11, y12, y21, and y22 as shown below 

             
1= y11 + h12  +  y21+ h22  ............... (5) 

 

2= y11 - h11  +  y21-h21  ............... ...(6) 
 

Finally, equation (5) and (6) has been simplified to: 
 

1= (|h11|2+|h12|2+ |h21|2+|h22|2) x1+h11n11+h12 +  
21+ h22 ) 

 
2= (|h11|2+|h12|2+ |h21|2+|h22|2) x2+h12n11-h11 +  

21- h21 ) 
 

At the combiner, the extract the transmitted signals x1 
and x2 from the received signals y11, y12, y21, and y22 
as shown below 

             
1= y11 + h12  +  y21+ h22  ............... (5) 

 

2= y11 - h11  +  y21-h21  ............... ...(6) 
 

Finally, equation (5) and (6) has been simplified to: 
1= (|h11|2+|h12|2+ |h21|2+|h22|2) x1+h11n11+h12 +  
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21+ h22 ) 
 

2= (|h11|2+|h12|2+ |h21|2+|h22|2) x2+h12n11-h11 +  
21- h21 ) 

 
At last, x1 and x2 are derived and passed to a 
maximum likelihood detector. 
 
The maximum likelihood decision rule is:  
Choose x

i
,  

If  (|h
11

|
2 

+ |h
12

|
2 

+ |h
21

|
2 

+ |h
22

|
2
-1)|x(i)|

2 
+ d

2
( ,X(i)) ≤ 

( |h
11

|
2 

+ |h
12

|
2 

+ |h
21

|
2 
+ |h

22
|
2 
-1)|X(k)|

2 
+ d

2
( ,X(k)),  

 
where i ≠ k.  
The decoder output is then demodulated [8]. 
 

 Performance in standardized channel models 
 
Three ITU-R 3G channel models are considered here 
to test the performance of SFBC in “real” 
environment. The average delay spread and rms delay 
spread of the channel models are shown in Table 1.  
 

Name 
Average 
delay 
spread 

RMS 
delay 
spread 

Pedestrian 
channel 409 633 

Vehicular A 254 370 
Vehicular B 1498 4001 

 
Table 1: ITU-R 3G channel models used in the 

simulations [7] 
 
It should be noticed that maximum delay spread of 
itur3GVBx, 20 µs, is much larger than the length of 
the cyclic prefix, which is only 5 µs. We can expect a 
significant inter symbol interference (ISI) occurs for 
this channel model. 
 
Fig 4. shows the average BER in itur3GPBx model. 
The theoretical prediction is quite accurate in most 
scenario except the 64QAM in high SNR, when the 5 
Hz Doppler spread still causes a performance gap that 
cannot be neglected. It can also be seen that 4 
receiver antennas provide much larger array gain and 
diversity gain than 2 receiver antennas. For the high 
date rate application in LTE system, a 4-antenna 
receiver is indispensable to reduce the transmit 
power. 
 
Fig. 5 shows how the Doppler spread and the number 
of receiver antennas influences the average BER. The 
itur3GVAx model has a small delay spread so that the 
ISI is eliminated perfectly. Due to our poor channel 
estimation algorithm, the Doppler results in great 
performance degeneration. Again we can see that the 
64QAM is more sensitive to the non-ideal factors, 

and more receiver antennas can improve the system 
performance greatly. 
 

 
Figure 4: Average BER in itur3GPBx (fd = 5 Hz, Nt=2) [7] 

 

 
Figure 5: Average BER in itur3GVAx (Nt=2) [7] 

 

 
Figure 6: Average BER in itur3GPBx (Nt=2, Nr=2) [7] 
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III. SIMULATION RESULTS 
 
The performances of the systems are evaluated 
depending on the BER versus S/N ratio plots. The 
effects of several parameters of wireless channel on 
the systems are investigated.  
 

1. The performance of STBC/SFBC at low 
mobility with small delay spread 
 

The performances of STBC and SFBC at low 
mobility with small delay spread are evaluated as 
shown in Figure 4. Both STBC and SFBC are free of 
large ISI due to channel selectivity in an Alamouti 
code block, and therefore achieve similar 
performance with SFBC slightly better than STBC. 
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Figure 7: Performances of STBC/SFBC in ITU vehicular A 

30kmph channel [4] 
 
2. The performance of STBC/SFBC at high 

mobility 
 

Evaluation of the performances of STBC and SFBC 
with ML decoder at the speed of 350kmph in ITU 
Vehicular A channel is shown in Figure 5. The solid 
lines in Figure 5 show that about 2.4dB SNR 
degradation at PER of 0.01 when the space-time 
coding scheme moves from SFBC to STBC. The 
performance degradation of STBC is mainly from the 
ISI due to time selectivity of the channel in an 
Alamouti code block at high mobility. This can be 
explained from the reference performance of STBC 
with MMSE decoder, where the performance of 
STBC is improved significantly due to the capability 
of MMSE decoder to reduce the ISI in an Alamouti 
code block. However, it’s still worse than that of 
SFBC, with SNR degradation of about 0.5dB due to 
residual ISI of MMSE decoder. 
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Figure 8: Performance of STBC/SFBC in ITU vehicular A 

350kmph channel [4] 
 

3. The performance of STBC/SFBC for large 
delay spread 
 

Evaluation of the performances of STBC and SFBC 
with ML decoder at the speed of 30kmph in ITU 
vehicular B channel is shown in Figure 6. As the 
solid lines in Figure 6 show, being contrary to STBC 
that achieves satisfactory performance, SFBC suffers 
from severe ISI so that it’s PER performance presents 
an error floor. In the channel with large delay spread, 
the performance degradation of SFBC mainly comes 
from the ISI due to the frequency selectivity of the 
channel in an Alamouti code block. The reference 
performance of SFBC with MMSE decoder in Figure 
6 supports this point. Again, the residual ISI of 
MMSE decoder results in nearly 1.4dB performance 
degradation of SFBC over STBC. 
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Figure 9: Performance of STBC/SFBC in ITU vehicular B 

30kmph channel [4] 
 
CONCLUSIONS: 
 
In this paper, SFBC has been evaluated. Encoding 
and decoding of SFBC is explained; the receiver is 
able to detect transmitted symbols using simple linear 
processing. From the results can be concluded that 
Using ML decoder, both STBC/SFBC achieve satisfy 
performance with slight difference at low mobility 
with small delay spread. 
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At high mobility, SFBC often outperforms STBC, 
while with large delay spread, SFBC has worse 
performance than STBC.  
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