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Abstract— Now a days, wireless communication is used 

worldwide. For larger capacity and higher data rate there is a 

need of multiple antenna at the transmitter and the receiver. So 

we use MIMO system. As the data rate is increasing in 

transmission system there occur some problems also with 

wireless communication. These are inter-carrier interference, 

multipath fading. To combat these problems we use OFDM. 

OFDM is an Orthogonal Frequency Division Multiplexing 

technique having great intensity to enhance the performance of 

wireless communication system.  
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I. INTRODUCTION 

 

As the advancement in wireless communication is going on 

peak, the demand of high data rate with high efficiency is 

soaring. One favourable solution of this is to combine the two, 

MIMO and OFDM as MIMO-OFDM [1].MIMO is basically 

the multiple inputs and multiple output system which 

increases the data rate rather using a single input single output 

system. OFDM is a multiplexing technique which uses the 

orthogonality principle to convert the frequency selective 

channel into narrow flat fading channels.It employs 

multicarrier to transmit information in parallel over the 

channel which improves the data rate as well as bandwidth 

efficiency.For MIMO-OFDM spatial diversity can be 

achieved by using multiple antennas and space time coding 

[1]OFDM modulation is implemented using IFFT. 

In this paper we are studying the performance of STFBC-

OFDM over STBC-OFDM and SFBC-OFDM. We will see 

that how STFBC-OFDM is better than the other two. STBC- 

OFDM is a multi antenna system which provides special as 

well as frequency diversity gains.   

 

This paper is organized as follow. In section II, STBC-

OFDM technique will be discussed and mathematical 

equations are given. In section III SFBC-OFDM technique 

and its equations are discussed for 2x1 antenna system. In 

section IV coding and decoding technique for STFBC is 

discussed. Finally section V will present the conclusion for the 

entire paper. 

II. MIMO-OFDM 

Orthogonal Frequency Division Multiplexing (OFDM) is a 

transmission scheme that is having enough potential for 

attaining high transmission rate overfrequency selective 

channels during the transmission of multicarrier signal. 

OFDM generally uses the process of removal of  inter-symbol 

interference due to multipath fading by insertingguard 

interval. By inserting the guard interval transmitting symbols 

never interfere with each other and signal remains 

undistorted.This scheme has been proposed topreserve the 

orthogonality. This also provideequalization at the receiver 

side. OFDM uses a frequency-domain equalizer that 

consists of  a single tap per sub-carrier for 

compensating channel distortion occurred due to 

each sub-carrier.MIMO system refers to the transmission 

systemtat is formed bymultiple antennas at both the 

transmitter and receiver. The main advantage of 

employingmultiple antennas is to obtain more high data rate 

and accurate performance through diversity and spatial 

multiplexing [2]. This conceptis briefly discussedusing figure 

below. 

Thus by combining the two MIMO and OFDM (MIMO-

OFDM) schemes provides high-rate. In OFDM the frequency 

selective channels are subdivided in to narrowband channels 

and IFFT is done. Then   by adding a guard interval(G.I) 

signals are transmitted. Then DFT is applied to receive the 

signals at all receiving antennas[9]. 
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Fig.1.   OFDM in MIMO SYSTEM for 2x2 antenna 

 

III. SPACE TIME/FREQUENCY CODES FOR MIMO 

OFDM  

 

To enhance the data rate we use multiple antennas. These 

multiple antennas are arranged by some form of diversity. 

Diversity is a technique in which same data  is transmitted 
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through multiple antenna to get the highest diversity gain. 

Basically, it used to mitigate degradation because of error 

performance due to multipath fading. There are various forms 

of diversity. These are space diversity, time diversity, 

frequency diversity, Angle diversity. Here the use of three 

diversity techniques space, time and frequency is used. Now 

we will study Space Time Block Coded-OFDM and Space 

Frequency Block Coded- OFDM and space time-frequency 

block coded OFDM. 

A. SPACE TIME BLOCK CODED OFDM:- 

 

Space time block coding is a technique used in wireless 

communications to transmit multiple copies of a data stream 

across a number of antennas[7]. Space-time coding combines 

all the copies of the received signal in asubsequent way to 

extract as much information from each of them as possible. 

 

 

 

 

 

 

 

 

 

Fig.1Block diagram of STBC in MIMO-OFDM system 

 

Here we are considering a MIMO system having 2 transmitter 

and 1 receiver antenna.The Diversity order or diversity gain of 

a MIMO system is defined as the number of independent 

receptions of the same signal. In [5] it is proposed that a 

AMIMO system with Nt transmit antennas and Nr receive 

antenna has maximum diversity gain=NtNr 

 STBC is usually represented by a matrix. Each row shows a 

different time instant and the column shows transmission 

symbol by each antenna. 

 

X =  
   𝑠1 𝑠2

−𝑠2
∗ 𝑠1

∗     (1) 

where * denotes complex conjugate. 

Here the first column corresponds to the symbols transmitted 

from the first antenna and the second column corresponds to 

the symbols transmitted from second antenna while the first 

row represents the first transmission period t and the second 

row represents the second transmission period t+1. 

During first symbol period t, the first antenna transmit s1 and 

the second antenna transmits s2.During the second symbol 

period t+1, the first antenna transmits –s2
* 

and the second 

antenna transmits s1
*  

i.e. the complex conjugate of s1. 

For this STBC OFDM system the outputs are four Nt× 1 

vectors shown as:- 

 

X1[t] = [s1 s3…..𝑠2𝑁𝑎−1]
T
,  (2) 

X2[t] = [s2 s4…..𝑠2𝑁𝑎
]

T
,(3)     

X1[t+1] = [−𝑠2
∗−𝑠4

∗
…..−𝑠2𝑁𝑎

∗
]

T
= -X2[t]

*
,  (4) 

X2[t+1] = [𝑠1
∗−𝑠3

∗
…..−𝑠2𝑁𝑎−1

∗
]

T
= X2[t]

*
,(5) 

 

where t is the symbol duration. The consecutive received 

signals, Y[t] and Y[t + 1], are used for decoding of  

transmitted symbols in the STBC-OFDM systems. If we will 

take the received signals on k-th subcarrier, the vectors for 

received signal during two time periods are:  

 

𝑌  = ∇H 𝑋 + 𝑁 ,                                           (6) 

Where 

𝑌  = [Y(k ; t)   Y(k ; t+1)
*
 ]

T
, 

 

𝐻  =  
H1[𝑡]𝑘 ,𝑘 H2[𝑡]𝑘 ,𝑘

H2[𝑡 + 1]𝑘 ,𝑘
∗ −H1[𝑡 + 1]𝑘 ,𝑘

∗  , 

 

𝑁 =   [𝑛𝑘 ,𝑡𝑛𝑘 ,(𝑡+1)
∗ ]𝑇  

𝑏𝑠𝑡 is zero as H  turns to an orthogonal matrix. SDS introduced 

in [3] is present at receiver to separate the transmitted symbols. 

When orthogonality gets lose, there occurs a problem of ISI. 

Due to this ISI the performance of STBC-OFDM degrades  in 

fast fading environment. 

B. SPACE FREQUENCY BLOCK CODED OFDM:- 

The problem that occurs in STBC-OFDM system is of flat 

time variations with respect to time which is known as FAST 

FADING. To remove that problem we use SFBC-OFDM 

technique in which orthogonal symbols are transmitted on the 

neighbouring sub-carriers of the same OFDM [2].  The block 

diagram shows the SFBC-OFDM system for 2x1 antenna. 

Serial to parallel converter is to convert the data into two 

parallel streams. 

X =  
𝑠𝑘 𝑠𝑘+1

−𝑠𝑘+1
∗ 𝑠𝑘

∗  
𝑓𝑘+1

𝑓𝑘

is a transmitted signal 
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Fig. 2Block diagram of SFBC in MIMO-OFDM system 

 

The vectors generated by SFBC-OFDM encoder are, 

 

X1[t] = [s1 −𝑠2
∗s3      −𝑠4

∗…..𝑠𝑁𝑎−1−𝑠𝑁𝑎
∗ ]

T
, 

X2[t] = [s2 𝑠1
∗s4      𝑠3

∗…..𝑠𝑁𝑎
𝑠𝑁𝑎−1

∗ ]
T
,                           (7) 

 

As here we are altering the frequencies for transmission of 

data, so received signal on kth and (k+1)th  are used to decode 

transmitted signal. The received signal vector is 

 

𝑌  = H 𝑋  + 𝑁  

Where 

𝑌  = [Y(k ; t)   Y(k+1 ; t)
*
 ]

T
, 

 

𝐻  =  
H1[𝑡]𝑘 ,𝑘 H2[𝑡]𝑘 ,𝑘

H2[𝑡]𝑘+1,𝑘+1
∗ −H1[𝑡]𝑘+1,𝑘+1

∗  ’ 

 

 𝑋  =  
𝑋1[𝑘; 𝑡]

𝑋2[𝑘; 𝑡]
   =    

𝑋2[𝑘 + 1; 𝑡]∗

−𝑋1[𝑘 + 1; 𝑡]∗
   , 

 

𝑁  =   [𝑛𝑘 ,𝑡𝑛(𝑘+1),𝑡
∗ ]𝑇  

 

The STBC-OFDM systems suffers from the  problems of fast 

fadingenvironments, SFBC-OFDM systems faces the problem 

of  frequency-selectivity of channels due to loss of 

orthogonality. As to  maintain the orthogonality in a channel , 

the frequency channelresponse must be constant  over 

neighboring subcarriersin SFBC-OFDM.If the channel 

response is not constant then the orthogonality will be lost. 

And there will be degradation in performance. 

 

C. SPACE TIME- FREQUENCY BLOCK CODED OFDM:- 

As we have already discussed that space time block codes are 

having problem of fast fading and space-frequency block 

codes faces a problem of frequency-selectivity. 

Therefore, in this method we will transmit the sub-carriers of 

the orthogonal design in both time and frequency to remove 

the problems that occurs in space time block codes and space 

frequency block codes. The signal is transmitted in separate 

time as well as at separate frequency simultaneously. 

 

In Space Time-Frequency block coding the OFDM symbol S 

is divided into two vectors S = (s1,s2). The Space Time 

Frequency Block coding (STFBC) scheme is used to enhance 

the performance of system by taking together the three 

diversity techniques space, time and frequency in MIMO-

OFDM system[8]. The table figure shows that how the 

transmission of symbol is going on in this STFBC-OFDM 

[12].  

 

TRANSMISSION OF SYMBOLS THROUGH 1ST
 AND 2ND 

ANTENNA 

 

         T1  T2 

Frequencyi S1 S2 

Frequencyj S2 S1 

 

 

 

 

 

 

 

At the receiver, the received samples on ith frequency are 

given by: 

𝑦𝑖
1 = 𝐻𝑖

1s1- 𝐻𝑖
2𝑠2

∗ + 𝑛𝑖
1 

𝑦𝑖
2 = 𝐻𝑖

1s2- 𝐻𝑖
2𝑠1

∗ + 𝑛𝑖
2 

 

And  the received samples on jth frequency are given by: 

 

𝑦𝑗
1 = 𝐻𝑗

1s1- 𝐻𝑗
2𝑠2

∗ + 𝑛𝑗
1 

𝑦𝑗
2 = 𝐻𝑗

1s2- 𝐻𝑗
2𝑠1

∗ + 𝑛𝑗
2 

 

 

.Firstly in STFBC-OFDMsystem the input data is encoded and 

interleaving is performed  by a block interleaver.After that the 

symbol is mapped by themodulator, thenthe signals enters the 

Space Time-Frequency encoder andthen are applied to OFDM 

section of theseparate antennas. 

 Each antenna system consists of N number of subcarriers. 

The Nsignals from antennas are passedthrough IFFT.This 

IFFT section contains a cyclicprefix which is added to each 

ofthe signal components. This cyclic prefix is used to avoid 

the inter-symbol interference and converts a frequency 

selective channel in to many parallel independent frequency 

non selective channels.This prefix has a guard interval.That 

guard interval is chosen longer than the delay spread in 

channel. The signalreceived isof desired transmission 

frequency andtransmitted through the channel. The coderate 

of the STFBC encoder is r/n, where the encodertakes r 

sequences of N tones and outputs of nsequences ofN tones.  

 

IV. CONCLUSION 

In this paper we have studied the three techniques of block 

coding with OFDM. By investigating the three techniques we 

can judge that STFBC-OFDM is a better technique to transmit 

 T1  

 T2 

Frequency i  - 𝑠2
∗      𝑠1

∗
 

Frequencyj 𝑠1
∗

 −𝑠2
∗
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the signal over OFDM..As there is a problem of time and 

frequency selectivity in STBC-OFDM and SFBC-OFDM 

systems which generates the Inter-symbol Interference(ISI), 

due to which performance degrades witha negative effect 

greatly. To remove this type of problem which concerned with 

both STBC-OFDM and SFBC-OFDM, we have studied a 

technique STFBC-OFDMin which both spatial and frequency 

diversity areused, by the advantage of the OFDM modulation 

foradditional diversity which removes the problem of ISI. And 

also preserve the orthogonality. 
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