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Abstract 

Transmission of data at high bit rate is necessary for mobile communication. STBC technique helps to transmit multiple copies 

of a data streams across a number of antennas. Channel estimation plays a major role in demodulating the data coherently. 

Estimation in STBC-OFDM has been done here using a combination of auxiliary subspace pursuit (ASP) and priori aided 

iterative hard threshold (PAIHT) algorithm. Additionally, decision feedback equalizer (DFE) improves the overall system 

efficiency.  Simulation results demonstrate that BER performance using combined algorithm of ASP-PAIHT performs better 

than the algorithm used alone. It is seen that BER becomes even more better when DFE is used.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Wireless communication is an emerging field, and is also seen enormous growth in the last two decades. The next generation of 

broadband wireless communication systems is demands for users with wireless multimedia services such as high speed 

browsing, wireless television and mobile computing. The rapidly growing demand for these services will forces the 

communication technology towards high data rates, higher mobility, and higher spectral efficiency that are needed to enable 

reliable transmissions over mobile radio channels. The combination of MIMO and OFDM is a strong candidate for the future 

wireless communication systems. OFDM is one of the leading techniques that helps to provide a robust communication.  STBC 

is a technique in wireless communication to transmit multiple copies of a data streams across a number of antennas and to exploit 

the various received versions of the data to improve the reliability of data transfer [1]. The recognition of communication 

parameters is a key step to decode the signals intercepted by receiver in a STBC system. It will used to describing the structure 

and technical characteristics of the received signal. The perfect recovery of information is performed by better demodulation. 

So, the need for better demodulation is necessary in communication systems.  For, the demodulation of data channel 

estimation plays an important role. In this Paper, channel estimation of STBC-OFDM system is done by using a combination of 

auxiliary subspace pursuit (ASP) and priori aided iterative hard threshold (PAIHT) algorithm. By using ASP algorithm, coarse 

channel path delay is estimated by using PN sequence. The main channel estimation task will done by small amount of pilots 

embedded in OFDM block, and is known as compressive sensing. The coarse channel path delay estimation will be used as the 

auxiliary information to the CIR estimation. By using PAIHT algorithm, an overlap add method of time domain training 

sequence (TS) is first used to obtain the coarse estimate of channel length, path delays, and path gains of the wireless channel. 

PAIHT algorithm will utilizes the priori information of the received coarse estimate of the wireless channel. By giving these 

estimates into the decoder, the system performance is improved. This will help to enhance the channel estimation accuracy. Also 

the DFE is used to decrease the BER performance of the system to a minimum value.  

The remainder of this paper is organized as follows. In section II, STBC-OFDM is discussed.  Section III includes the system 

model. Simulation results of combined ASP & PAIHT algorithm is presented in section IV, followed by concluding remarks in 

section V.  

II. SPACE TIME BLOCK CODED OFDM 

STBC is a technique in wireless communication to transmit multiple copies of a data streams across a number of antennas and to 

exploit the various received versions of the data to improve the reliability of data transfer. This method has the advantage that 

the multiple antennas and redundant coding is moved from mobile user equipment (UE) to base station (BS). So, to generate a 

redundant signal, space time codes are used. The data streams to be transmitted are coded in blocks, which are distributed among 

spaced antennas and across time. It takes two consecutive symbols are 𝑋𝑛 and 𝑋𝑛+1.  

The coded signal from two transmitters at two consecutive block intervals should be represented in matrix form as follows,                                                                                         

X = [
𝑋𝑛 𝑋𝑛+1

−𝑋𝑛+1
∗ 𝑋𝑛

∗ ] 

Where * denotes the complex conjugate operation. The first row represents the first transmission period and the second row 

represents the second transmission period.  During a given time slot, the signal transmitted from transmitter 1 is labelled as 𝑋𝑛, 
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similiarly the signal transmitted from transmitter 2 is denoted by 𝑋𝑛+1. During the next time slot −𝑋𝑛+1
∗ is the signal transmitted 

from transmitter 1, and  𝑋𝑛
∗ is the signal transmitted from transmitter 2.  The output of space time encoder is then modulated by 

an IFFT and addition of cyclic prefix is done [2].  

III. SYSTEM MODEL 

TFT-OFDM scheme is used to achieve high spectral efficiency as well as reliable reception over fast time varying channels [3]. 

Fig 1 provides the block diagram of the system. The input data is firstly given to a BPSK modulator. After the modulation, space 

time encoders are used for achieving transmit diversity. Here considers two transmit antenna system only. Hence, totally four 

symbols are transmitted, and this will forms a block of data.  

Channel estimation for multiple antenna OFDM system using combined ASP and PAIHT algorithms are simulated. Here, 

MIMO was implemented by using space time block codes. STBC is applied to many practical systems, but it suffers from 

imperfect channel estimation problems. This can be solved by estimating channel path delay information, path gain, and channel 

impulse response. This is done by employing a combined algorithm of ASP and PAIHT. 

The paper deals with channel estimation in STBC-OFDM systems using two important algorithms namely PAIHT algorithm 

ASP algorithm. The combined algorithm using ASP & PAIHT offers improvements in channel estimation. Also decision 

feedback equalizers are used to mitigate bit error rate. Hence, better bit error rate performance of the entire system is obtained. 

 
Fig. 1: Block diagram of the system 

Both of the algorithms are explained below, 

 Auxiliary Subspace Pursuit Algorithm 

Auxiliary information based SP (ASP) algorithms will utilizes joint time-frequency signal feature of TFT-OFDM. It will utilizes 

the PN-based correlation in the time domain in order to acquire the auxiliary channel information [4].  Next, frequency domain 

pilots are used for the final exact CIR estimation. Procedure of this method is mainly divided into three steps. 

 
Fig. 2: Frame structure of the CS based CE scheme for TFT-OFDM [5] 
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Figure 2 shows the diagrammatic representation of ASP algorithm. 

 Step 1: PN-based coarse path delay estimation   

Based on the good auto correlation property of the PN sequence, the received PN sequence‘d’ is directly correlated with the 

locally known PN sequence c to acquire the coarse channel estimate ‘h’ as, 

h =  
1

𝑀
 c * d  =h + v                                          (1) 

Where v represents the AWGN as well as the effect of interference caused by the preceding OFDM block. Due to the 

occurrence of IBI caused by OFDM data block, coarse path delay estimation is not accurate. The path gains in ‘h’ are discarded 

directly, and only the path delays of the most significant taps (partial path delays) are retained in the initial coarse path delay set 

T={ l , ||h|| ≥ 𝑝𝑡ℎ } where l = 0 to L                (2) 

Where 𝑝𝑡ℎ is the power threshold. Then the channel sparsity level S can be denoted as 

S = 𝑆0 +  a = ||𝑇0|| + a                                      (3) 

Where 𝑆0 = ||𝑇0|| 0 will represents the initial channel sparsity level. ‘a’ denotes the number used to combat the interference 

effect.  

 Step 2: Cyclicity Reconstruction of the OFDM Block 

The cyclicity reconstruction of the OFDM block is achieved by subtracting the IBI caused by the pseudo noise sequence from the 

received OFDM block. Then adding the received pseudo noise sequence and finally subtracting the first part of linear 

convolution outputs between the PN sequence and channel [5]. 

 Step 3:  Exact CIR estimation using ASP 

After the above step the pilots can be extracted from the OFDM block after cyclicity reconstruction for the final accurate CE. 

Compared to the classical SP algorithm, A-SP algorithm has similar procedure, but differs from SP in the following three 

aspects. 

a) Initial Configuration 

In the SP algorithm, the initial approximation of the support T0 is set to the S indices corresponding to the largest magnitude 

entries in the vector ϕHr because no prior knowledge of the signal is available. In the ASP scheme, by exploiting the obtained 

partial path delays T0 in path delay estimation, the initial approximation can be directly configured as T0 ← T0. 

b) Significant Entry Identification 

Unlike SP where the S most significant entries of the vector ϕHr are identified in each iteration and remain the S0 most significant 

entries unchanged, and identify the next S – S0 most significant ones instead. 

c) Iteration Number 

The required number of iterations is reduced from S in SP to S – S0 in ASP, so the computational complexity can be reduced [5]. 

 Priori Aided Iterative Hard Threshold Algorithm (Paiht) 

PAIHT algorithm will used for the channel estimation of training sequence based OFDM systems. Here, use an overlap-add 

method of the training sequence to obtain the coarse estimates of the channel length, path delays, and path gains of the wireless 

channel. Tail part of training sequence (TS) caused by multipath channel is added on the preceding main part of training 

sequence, get a overlap add result. This result is circularly correlated with the local PN sequence in order to obtain some coarse 

CSI. A priori information of the wireless channel is obtained from the overlap-add method, So this algorithm is known as priori 

aided iterative hard threshold [6].  

 Step 1: Acquisition of Coarse Channel Length and Path Delays 

Here an overlap-add method of the training sequence is employed. The representation of this method is given by, 

rk = rk 𝑚𝑎𝑖𝑛 +     rk tail    ,   i − Rd + 1 ≤ k ≤ i + Rd        (4) 

rk (main)  is represents the main part of the training sequence (TS) and rk (tail)  is represents the  tail part of the training 

sequence (TS). rk (main) and rk (tail) can be represented separately by as, 

rk 𝑚𝑎𝑖𝑛  =  ψ
k

hk+ nk,main  ,  i − Rd + 1 ≤ k ≤ i + Rd          (5) 

rk tail    =   Ѳkhk+ nk,tail   , i − Rd + 1 ≤ k ≤ i + Rd            (6) 

nk,main and  nk,tail are the corresponding AWGN vectors, while    𝜓K is written as, 

 
Also ѲK is written as, 
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Overlap adds results of the TS are averaged, and then circularly correlated with the known TS, whereby the good 

autocorrelation and circular cross correlation property of the TS is exploited. Specifically, we have, 

ℎ𝑞 =   
1

MRg1
   (  c   *   ∑    rk

q+Rg1−1

k=q
  )  =  

1

Rg1
  ∑  hk + vk

q+Rg1−1

k=q
 

i − Rd + 1 ≤ q ≤ i + Rd - Rg1                         (7) 

Here, vk represents the circular correlation of the interference plus the channel AWGN with the PN sequence averaging over 

the TS of Rg1 adjacent OFDM symbols. Effect of the AWGN is significantly reduced by performing the operation of  averaging 

over Rg1 adjacent OFDM symbols. 

Finally the coarse channel estimation (CE) is given by  

ĥ = 
1

2Rd− Rg1
  ∑    abs {ℎ𝑞 }

i+Rd−Rg1

q=i−Rd+1
                         (8) 

Finally, only the propagation path delays of the most significant taps are retained. That is found out by the below formula. By 

finding a threshold value, and obtain most significant taps.  

𝐷0 = { τ1: | ℎτ1
|  ≥ 𝐸𝑡ℎ},    τ1 = 0 to L-1                   (9) 

The result | ℎτ1
|  will gives the coarse estimate ĥ. 𝐸𝑡ℎ will represents the power threshold. The channel length is approximately 

estimated from the coarse channel estimation according to  

�̂�= max  τ1 + a                                                           (10) 

Where a is a variable parameter used to define the IBI-free region comprising the last G samples of the received TS 

 Step 2 :  Acquisition of Coarse Channel Path Gains:  

Coarse value of the channel path gains are estimated by the received training sequence TS from (i− Rg2+1) th to (i+ Rg2) th 

OFDM symbols. Coarse channel path gain is given by, 

ḧ = c*
1

2𝑅𝑔2𝑀
∑ (  rk 𝑚𝑎𝑖𝑛  +      rk tail  )   

𝑖+ Rg2

𝑘=𝑖− Rg2+1
      (11) 

Where  rk tail is the vector whose first �̂� elements are the first �̂�of  rk tail l, while its rest elements are all zeros. Steps 1 and 2 

provide the priori information of the wireless channel to assist the accurate CE using the PAIHT algorithm in the following two 

steps. 

 Step 3:  Acquisition of Accurate Path Delay Estimate: 

PAIHT algorithm will utilizes the priori information from the coarse CE to improve the signal recovery accuracy and to reduce 

the computational complexity. Define the   measurement vector as 

�̅� =  
1

2𝑅𝑔2
   ∑      (  𝑦𝑘)

𝑖+ Rg2

𝑘=𝑖− Rg2+1
                                (12) 

Where ′yk’ is the received signal vector in the IBI free region of the ‘k’th OFDM symbol. The final estimated channel path 

delays are given by  

D = {    τ2 : |  ℎτ2
|  ≥ 0  }      with    {hτ2

}τ2=0
L−1   }        (13) 

The PAIHT algorithm will use the available priori information of the coarse path delays and gains as well as initial condition, 

and this will significantly improve the signal recovery accuracy and reduces the number of iterations.  

 Step 4:   Accurate path gain estimation Based on ML 

Maximum likelihood (ML) estimation will gives the final channel estimate, and is given by 

 ℎ̀|𝐷 = ( φ|𝐷) �̅�  =  ((φ|𝐷)𝐻 φ|𝐷)−1 (φ|𝐷)𝐻 �̅�            (14) 

Where ℎ̀ is a vector of length M. 

 Decision Feedback Equalizer (DFE) 

Decision feedback equalizer (DFE) is a type of non linear equalizer. That means, the distortion on a current pulse that was 

caused by previous pulses is subtracted. The basic working of DFE is that if the value of the symbols previously detected are 

known, then the ISI contributed by these symbols can be cancelled out exactly at the output of the forward filter by subtracting 

past symbol value with appropriate weighting. Decision-feedback equalizer will utilizes its previous decisions while attempting 

to estimate the current symbol with a symbol-by-symbol detector The input to the feedback filter is the decision of the previous 

symbol (from the decision device) [7]. 
Table – 1 

System Parameters 

Parameters Specification 

Number of antennas 2 

Training sequence length 64 

OFDM type TFT-OFDM 

Channel AWGN Channel 

Channel estimation method ASP, PA-IHT 

FFT size 4 

Modulation 256 QAM 

Equalizer Decision Feedback Equalizer 

Table 1 contains the values of the parameters used in simulation of the system. 
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IV. RESULTS AND DISCUSSIONS 

In this section, we present the effectiveness of our system by performing channel estimation of STBC based TFT-OFDM. Instead 

of using common OFDM, TFT based OFDM is used for better performance.  In OFDM training sequence and pilot sequence is 

used to estimate the channel. Using pilot sequence, frequency domain information such as channel coefficient can be obtained. 

Also training sequence can be used to estimate the time domain information. Below plots shows the simulation result of ASP, 

PAIHT and Combined ASP-PAIHT algorithms. 

 
Fig. 4: Comparison of ASP algorithm and decision feedback equalizer based ASP algorithm 

Figure 4 shows that channel estimation is done using ASP algorithm. Equalization is done here for the better channel 

estimation. At SNR of 0 dB, BER will reaches to slightly below  100, but equalized ASP gives BER at the mid of  100 and 10−2. 

Gradually BER will decreases, and finally both plots reaches to 25 dB. 

Figure 5 shows that channel estimation is done using PAIHT algorithm. Equalization is done here for the better channel 

estimation. By using decision feedback equalizer, BER is decrease. One of the disadvantages of DFE-PAIHT is that BER stops 

at 20 dB. But, PAIHT without DFE gives BER value until SNR reaches to 25 dB. 

Figure 6 shows the performance analysis of channel estimation in STBC based OFDM system using 3 algorithms. The plots 

shows that ASP algorithm performs better (gradual decrease in BER) in low SNR region up to 10 Db, and it increase at 15 Db, 

and also BER is decreases gradually. At some SNR, it offers negative performance. Channel estimation based on PAIHT actually 

provides slightly less performance than ASP. But it does not shows abrupt change in BER. When SNR equal to 0 Db, it provides 

BER below 100, and decreases gradually as SNR increases. 

   
Fig. 5: Comparison of PAIHT and decision feedback equalized PAIHT algorithm  
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Fig. 6: Comparison of ASP, PAIHT and Combined algorithm  

Figure 7 shows that Channel estimation is done using ASP-PAIHT combined algorithm. The combined ASP-PAIHT algorithm 

provides better channel estimation than other two algorithms, namely ASP, PAIHT.  Equalization is done here for the better 

channel estimation. DFE provide BER improvements by a certain amount. The decrease in performance varies differently in 

different algorithms. Though decision feedback equalized ASP and Combined ASP-PAIHT algorithm shows decrease in BER 

performance, DFE with PAIHT provides drastic improvement in BER performance. Equalized plot stops at 20 Db. Combined 

algorithm without DFE also lasts to 25 Db. 

 
Fig. 7: Comparison of ASP – PAIHT combined algorithm and decision feedback equalizer based ASP – PAIHT combined algorithm. 

V. CONCLUSION 

Channel estimation of STBC based OFDM system is implemented. Algorithms, PAIHT, ASP and combination of ASP-PAIHT 

are used for the estimation. Performance analysis of channel estimation of STBC-OFDM based on these three algorithms is done. 

It is seen that the BER plots using combined algorithm of ASP-PAIHT performs better than the algorithms used alone. Also, 

DFE is applied to all of the above mentioned schemes. The BER performance becomes even more better when DFE is used. 
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