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ABSTRACT: An STBC-OFDM has higher spectral efficiency and faster synchronization than standard cyclic prefix 
OFDM (CP-OFDM).  STBC-OFDM suffers a high difficulty in supporting high modulation schemes such as  PSK in 
low speed vehicular channels. In vehicular channels, mainly considering here low speed, there occurs a difficulty to 
completely remove the residual interference when the channel delay spread is large. Also there is performance loss over 
fast time varying vehicular channels. The performance parameters are compared, between STBC-OFDM and CP-
OFDM. Also the proposed scheme shows high and better efficient use of compressive sensing (CS) theory to solve 
these problems.  By the use of inter-block-interference (IBI) there is no need of cancellation. Channel estimation in 
time domain and data detection in frequency domain can be decoupled in the receiver side of STBC-OFDM. The 
parameterized channel estimation method proposed is based on priori aided compressive sampling matching pursuit 
(PA-CoSaMP) algorithm. PA-CoSaMP achieves reliable performance over fast vehicular channels. The proposed 
scheme will be analyzed for efficiency of both systems. STBC-OFDM and CP-OFDM system performance will be 
simulated and the results will be discussed. 
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I. INTRODUCTION 
 
The wireless channel is characterized by frequency-selective fading due to the multi-path effect and time-selective 

fading because of the relative mobility between the transmitter and the receiver. In communication system model, 
generally it is the case that both frequency-selectivity and time-selectivity are encountered, which means the channel is 
doubly selective. Due to the robustness to the frequency-selective multipath channel and the low complexity of the 
frequency domain equalizer, the technology, orthogonal frequency division multiplexing (OFDM) has been widely 
recognized as one of the key techniques for the next generation broadband wireless communication (BWC) systems. A 
modulation or transmission scheme, the cyclic prefix orthogonal frequency division multiplexing (CP-OFDM) is 
widely used to deal with problem of inter-symbol interference (ISI) in wireless communications. Many broadcasting 
systems use CP-OFDM as their modulation scheme. The broadly used technique, CP-OFDM scheme utilizes the CP to 
eliminate the inter-block interference (IBI) as well as the inter-carrier-interference (ICI) . The role of the cyclic prefix is 
to turn the linear convolution into a set of parallel attenuations in the discrete frequency domain. In particular, cyclic 
prefixes which are longer than channel duration should be added as guard intervals between consecutive OFDM data 
blocks which are inverse discrete Fourier transformed (IDFT) [1][2][3]. 

Recently, a new modulation scheme has been proposed for broadcasting in terrestrial environments. The processing 
at the transmitter end of STBC-OFDM is same as that of CP-OFDM. However, I place of inserting cyclic prefix, 
training symbols are used and inserted as guard intervals. The training sequence could be any known pseudo-random 
sequence [4]. This paper gives performance comparison on CP-OFDM and STBC-OFDM by comparing the 
parameters; also it compares spectral efficiency between the two. 
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Figure 1 Block Diagram of CP-OFDM. 

 
Figure 2 Block Diagram of STBC-OFDM. 

The discussion is organized as follows. Next section describes the system model for both CP-OFDM and STBC-
OFDM. Section III discusses analytical and simulation results. Section IV offers some conclusions. This paper gives 
the performance comparison between CP-OFDM an STBC-OFDM. Both systems are compared based on performance 
parameters bit error rate (BER), signal to noise ratio (SNR). The outline of the paper is as follows. 
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II. LITERATURE SURVEY 
 
High spectral efficiency and high transmission speed due to the applications of audio, video and internet services [1-

4] are the challenging requirements of future wireless broadband communications. In a multipath wireless channel 
environment, the deployment of Multiple Input Multiple Output (MIMO) systems which enhance channel capacity 
enormously has led to the achievement of high data rate transmission without increasing the total transmission power or 
bandwidth. MIMO systems have been under high consideration since Alamouti introduced the well known Space-Time 
Block Codes (STBC) in [5] which consists of data coded through space and time to improve the reliability of the 
transmission, as redundant copies of the original data are sent over independent fading channels. .Research on STBC 
has been intensive over the past years [6-8]. MIMO and especially STBC have also been adopted in IEEE 802.11n 
standard to achieve higher data rate and to provide more reliable reception than traditional single antenna 
communications [10, 11]. 

In practice, wireless communications channels are time varying or frequency selective especially for broadband and 
mobile applications. To address these challenges, a promising combination has been exploited, namely, MIMO with 
Orthogonal Frequency Division Multiplexing (OFDM), which has already been adopted for present and future 
broadband communication standards such as LTE or WiMax [12-14]. OFDM can reduce the effect of frequency 
selective channel. This is because in OFDM, the data stream that is to be transmitted is divided into multiple parallel 
streams and the wideband channel is divided into a number of parallel narrowband subchannels and thus each 
subchannel has a lower rate data stream. OFDM is also used for its simplicity of implementation in the digital domain 
by the use of DFT. Moreover, OFDM is bandwidth efficient since the parallel subcarriers are orthogonal to each other 
and as a result overlaps each other without causing interference. With the use of cyclic prefix, OFDM has also been 
proven as a robust modulation technique under multipath frequency selective fading environment [3, 5]. 

One popular combination of MIMO and OFDM is the STBC-OFDM which was first proposed in [8, 10]. In addition 
to spatial and temporal diversity, the combination of MIMO-OFDM offers a third dimension of coding which achieves 
frequency diversity. These coding schemes known as Space-Frequency Block Coding (SFBC) and Space-Time-
Frequency Block Coding (STFBC), which are respectively capable of achieving two dimensional coding over space 
and frequency and three dimensional coding over space, time and frequency have recently been proposed in the 
literature [1,2]. In addition, coding through spatial and frequency dimension offers implementation advantages [4]. 
MIMO-OFDM has already been adopted by several standards such as IEEE 802.11n, IEEE802.16a and 3GPP [7, 9]. 
However, in both STBC-OFDM and SFBC-OFDM, channel parameters need to be known at the receiver to recover the 
transmitted symbols. Therefore, channel judgment with suitable level of accuracy and hardware difficulty has turn out 
to be an important study topic for MIMO-OFDM systems. 

Two approach for channel estimation have been planned in the literature. Blind channel estimation [25, 26] which 
relies on the exploitation of the statistical information of the received symbols, is very attractive due to its bandwidth-
saving advantage. However, the blind technique is incomplete to slow time unstable channel and has higher difficulty 
at the receiver. On the other hand, pilot aided channel estimation [2-3] using pilot sequences scattered in the transmitted 
indication and known at the receiver is simpler to implement and can be applied to different types of channels although 
the use of pilots affect the data rate. As low complexity is required with a trade-off among bandwidth inefficiency and 
precise judgment, in many applications, researcher have rewarded much awareness to propose low complexity pilot 
aided channel estimation methods for MIMO-OFDM [1, 6]. 

 
III. SYSTEM DESCRIPTION 

 
A) CP-OFDM 

Considering standard CP-OFDM, where the ith M×1 information block is precoded by IFFT matrix ܨ =
ெିଵܨ =  ெுwith (m,k)th entry to yield time domain block vector. Further CP of length D is inserted between each blockܨ
vector. The entries of the resulting redundant block are sent finally through the channel. Here we consider both AWGN 
and Rayleigh channel. The total number of time-domain samples transmitted per block is, ܲ = ܯ +  Consider the ܦ
M×D matrix ܨത௖௣ formed by the last D columns of ܨெ. P×M matrix corresponding to the combined multicarrier 
modulation and CP insertion, the block symbols to be transmitted can be simply expressed as  ̃ݏ௖௣(݅) =  .(݅)ெݏ௖௣ܨ
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Each block is then serialized to obtain time domain samples ̃ݏ௡(݅) and reduce the non-linear distortions which are 
induced after passing through channel. With (∙)்denoting the transpose the frequency-selective propagation will be 
modeled as a FIR filter with channel impulse response (CIR) column vector ℎ ≔ [ℎ଴……..ℎெିଵ]் and additive white 
Gaussian noise ෤݊௡(݅) of variance ߪ௡ଶ. The expression of the received  symbol block is given as, 

(݅)෤௖௣ݔ = (݅)ெݏ௖௣ܨܪ ݅)ெݏ௖௣ܨூ஻ூܪ+ − 1) + ෤݊௣(݅)                                                        (1) 
Where H is P×P lower triangular toeplitz filtering matrix and ܪூ஻ூ is P×P upper triangular matrix that captures IBI. 
Equalization of CP-OFDM transmissions relies on the well known property that every circulates matrix can be 

diagonalized by post- multiplication by IFFT matrices. This CP-OFDM property derives from the fast convolution 
algorithm based on the overlap–save (OLS) algorithm for block convolution [10]. It also enables one to deal easily with 
ISI channels by simply taking into account the scalar channel attenuations, e.g., when computing the metrics for the 
Viterbi decoder. However, it has the obvious drawback that the symbol transmitted on the nth subcarrier cannot be 
recovered when it is hit by a channel zero (ܪ௞ = 0). This limitation leads to a loss in frequency (or multipath) diversity. 

 
B) STBC-OFDM 

Unlike in CP-OFDM where CP and frequency domain pilots are used, STBC-OFDM symbol includes ݏ = [ ்ܿ  [்ݔ 
known time domain pseudo-random sequence ܿ = [ܿ଴,ܿଵ,…….,ܿெିଵ]் of length M and OFDM data block ݔ =
of length N. Channel impulse response (CIR) ℎ ்[ேିଵݔ,.……,ଵݔ,଴ݔ] = [ℎ଴,ℎଵ,…….,ℎ௅ିଵ]் which comprises of S resolvable 
paths can be modeled as [5]  

 
ℎ௡ = ∑ ݊]ߜ௟ߙ − ߬௟], 0 ≤ ݊ ≤ ܮ − 1௦ିଵ

௟ୀ଴                                                 (2) 
Where ߙ௟ is the gain and ߬௟ denotes the delay of the lth path normalized to the sampling period at the receiver end, 

and ℎ௡is the CIR vector with the nth entry. 
ℎ௡ = ቄ

,ଵ,                         ௡ୀఛ೗ߙ

 (3)                                                           ,݁ݏ݅ݓݎℎ݁ݐ݋       ,0

When passed through the multipath channel, training sequence   ݀ = [݀଴,݀ଵ,…….,݀ெିଵ]்   which is obtained is given 
as 

݀ = Ψh + n,                                                          (4) 
Where n is additive White Gaussian Noise (AWGN) and Ψ is vector consisting of every element with mean zero 

and variance ߪଶ. Samples of preceding data block cause inter-block-interference (IBI) to the training sequence of the 
present OFDM symbol. Similarly, it may happen that the present OFDM data block /symbols will cause interference to 
the following. 

It correctly states the occurrence of interferences which are mutual in condition. This mutual interference between 
the TS and OFDM block leads to mutual relationship of data detection and channel estimation. Channel estimation is 
time domain and data detection is frequency domain in STBC-OFDM systems. To solve problem of interference, 
iterative interference cancellation should be applied for properly estimating channel and accurate data detection. 

To address the issue STBC-OFDM is provided with a new perspective. Guard interval length in CP-OFDM and 
STBC-OFDM is designed to be longer than channel length. In practical environments, channel length is much smaller 
than guard interval length [6], ܮ <  Even though training sequence received at receiver end may contain some .ܯ
interferences from preceding data block, there always exists a small IBI-free region  ݕ = [݀௅ିଵ,݀௅,…….,݀ெିଵ]் of small 
length ܩ = ܯ − ܮ + 1 which is immune from inter-block-interferences: 

ݕ = ɸh+n  ́      (5) 
‘n´ is additive white Gaussian noise subjected to the distribution of ܰܥ(ߪ,0ଶீܫ) and ɸ is toeplitz matrix. 

Consideration of channel length and system design incite to use IBI-free region of small size to recover cannel impulse 
response with no interference cancellation required. 
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Figure 3 Signal structure comparsion: (a) STBC-OFDM with dual PN padding (DPN-OFDM), where the second PN 
sequence is used for CIR recovery; (b) Compressive sensing based STBC-OFDM, where the IBI-free region of small 

size is used to reconstruct the high-dimensional CIR using the CS theory. 

As given in Fig. 3, the size of the IBI- free region is very small which makes impossible to find unique solution to 
(5). An extra TS is inserted in DPN-OFDM so that the second TS which is pure can be used to estimate CIR. However, 
the CS theory proves that the targeted signal can be accurately reconstructed if problem in (4) is considered. Here the 
condition taken is that the channel is sparse, i.e. dimension of CIR is greater than total number of non-zero entries. 
Fortunately, numerous experiments have verified and concluded about wireless channel being sparse [7]. Word ‘sparse’ 
explains, in wireless communications, the dimension of CIR model than active paths. Hence, considering Fig. 3(b), 
under compressive sensing theory [9], the sparse CIR can be accurately calculated from IBI-free region of received TS. 

 
IV. PERFORMANCE ANALYSIS 

 
This section gives the simulation result of CP-OFDM in context with the compressive sensing theory. The channel used 
for transmission is Rayleigh channel. This comparison is done in order to show how efficient is STBC-OFDM from 
CP-OFDM. The Subcarrier modulation constellations which included are QPSK (quadrature phase shift keying), PSK 
modulation.  Assumption is made that each path in the transmission scheme is subjected to independent Rayleigh 
fading, and the average path gains are normalized so that the signal power remains after passing through the channel 
which is multipath. 

TABLE I System Parameters 

Number of subcarrier 
channel 

4 

Block size 16 
CP length 1.6 

Subcarrier spacing 2kHz 
Modulation schemes 16PSK/QPSK 
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Figure 4 Multipath Channel 

Figure 4 gives the diagrammatic form of the signal in multipath channel. The differences between two sub-carriers or 
the length of the guard interval between two sub-carriers is given. The delay as mentioned is 1.6. it can be said that the 
length of cyclic prefix is 1.6 
Figure 5 gives the performance of CP-OFDM in wireless communication. Under compressive sensing the system is 
evaluated. Information is transmitted through Rayleigh Channel. The BER v/s SNR of CP-OFDM is given. 
 

 
Figure 5 Performance of CP-OFDM 
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Figure 6: Spectral Error Probability 

 
Figure 7 : Bit Error Probability 
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Figure 8: Spectral Amplitude Vs Frequency 

 
In STBC-OFDM, as pilots are not used with OFDM data block, hence spectral efficiency is improved in STBC-OFDM. 
There occurs a problem in STBC-OFDM due to inter-block-interferences, which till now are now removed. Therefore, 
it can be kept as future scope, where first the IBI is removed and later estimated. 
 

V. CONCLUSION 
 

Time Domain Synchronous OFDM (STBC-OFDM) has higher spectral efficiency and faster synchronization than 
standard cyclic prefix OFDM (CP-OFDM). The performance parameters are given of CP-OFDM. Compressive sensing 
theory can be used efficiently to solve problem in STBC-OFDM interference cancellation is avoided using IBI-free 
region. 

REFERENCES 
 

1. S Nandi, A Nandi, N N Pathak,"Performance analysis of Alamouti STBC MIMO OFDM for different transceiver system", IEEE Transactions 
onon Intelligent Sustainable Systems (ICISS), 21 June 2018. 

2. Rishi Choubey and V.B. Reddy, "Channel estimation in space time block coded MIMO–OFDM system: a review"International Journal of 
Advanced Technology and Engineering Exploration, Vol 5(38), 2018. 

3. Himankashi Grover, Reetu Pathania, "Performance Analysis of MMSE Equalizer and Time-Frequency Block Code for MIMO-OFDM Under 
Single- RF System",Second International Conference on Inventive Communication and Computational Technologies (ICICCT), Page s: 1277 - 
1281, Year: 2018. 

4. Owk. Srinivasulu1, Prof .P. Rajesh Kumar2,"Performance Analysis of STBC MIMO -OFDM Based WI-MAX for Various Equalizers to Reduce 
BER",IOSR Journal of Electronics and Communication Engineering (IOSR-JECE)e-ISSN: 2278-2834,p- ISSN: 2278-8735.Volume 12, Issue 3, 
Ver. IV (May - June 2017), PP 33-37. 

0 100 200 300 400 500 600
-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

Frequency

Sp
ec

tru
m

 A
m

pl
itu

de

http://www.ijircce.com


             
                         
                      ISSN(Online):  2320-9801 
                 ISSN (Print) :  2320-9798                                                                                                                         

International Journal of Innovative Research in Computer 
and Communication Engineering 

(A High Impact Factor, Monthly, Peer Reviewed Journal) 

Website: www.ijircce.com 
Vol. 6, Issue 12, December 2018 

 

Copyright to IJIRCCE                                                            DOI: 10.15680/IJIRCCE.2018. 0612002                                            9509                             

    

5. Z. Yang, L. Dai, J. Wang, J. Wang, and Z. Wang, “Transmit diversity for STBC-OFDM broadcasting system over doubly selective fading 
channels,” IEEE Trans. Broadcast., vol. 57, no. 1, pp. 135–142, Mar, 2011. 

6. L. Dai, Z. Wang, and Z. Yang, “Time-frequency training OFDM with high spectral efficiency and reliable performance in high speed 
environments,” IEEE J. Sel. Areas Commun., vol. 30, no. 4, pp. 695– 707, May 2012. 

7. M. Muck, M. De Courville, and P. Duhamel, “A pseudorandom postfix OFDM modulator-semi-blind channel estimation and equalization,” 
IEEE Trans. Signal Process., vol. 54, no. 3, pp. 1005–1017, Mar. 2006. 

8. Zhiyu Yang; Lang Tong; Lin Yang, "Outage probability comparison of CP-OFDM and STBC-OFDM for broadcast channels," Global 
Telecommunications Conference, 2002. GLOBECOM '02. IEEE, vol.1, no., pp.594,598 vol.1, 17-21 Nov. 2002. 

9. Changyong Pan; Linglong Dai, "Time domain synchronous OFDM based on compressive sensing: A new perspective," Global Communications 
Conference (GLOBECOM), 2012 IEEE, vol., no., pp.4880,4885, 3-7 Dec. 2012. 

10. B. Su and P. P. Vaidyanathan, “Subspace-based blind channel identification for cyclic prefix systems using few received blocks,” IEEE Trans. 
Signal Process., vol. 55, no. 10, pp. 4979–4993, Oct. 2007. 

11. M. Duarte and Y. Eldar, “Structured compressed sensing: from theory to applications,” IEEE Trans. Signal Process., vol. 59, no. 9, pp. 4053–
4085, Sep. 2011. 

12. B. Muquet, Z. Wang, G. Giannakis, M. De Courville, and P. Duhamel, “Cyclic prefixing or zero padding for wireless multicarrier 
transmissions?” IEEE Trans. Commun., vol. 50, no. 12, pp. 2136–2148, Dec. 2002. 

13. E. Candès and M. Wakin, “An introduction to compressive sampling,” IEEE Signal Process. Mag., vol. 25, no. 2, pp. 21–30, Feb. 2008. R. 
Crochiere and L. Rabine, Multirate Digital Signal Processing. Englewood Cliffs, NJ: Prentice-Hall, 1983 

 

http://www.ijircce.com

