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Joint ICI and Noise Reduction in OFDM Using a New Windowing Scheme Behrouz Maham Department of ECE, University of Tehran, Tehran, Iran [email protected] Abstract—This paper presents a new windowing scheme that effectively reduces the joint effect of intercarrier interference (ICI) resulting from frequency offset and additive noise in orthogonal frequency-division multiplexing. The transmitter does not need to be modified, subcarrier orthogonality in the receiver is preserved, and the receiver discrete Fourier transform size can be retained. The simulation results show that the new proposed window has a better performance than the common raised-cosine window, “better than” raised-cosine window and the maximally flat (MF) window. Keywords—Intercarrier interference (ICI), noise reduction, OFDM, windowing.



I. INTRODUCTION frequency-division multiplexing (OFDM) has been considered for data transmission in a number of environments. In conventional OFDM reception, the complex baseband signal samples in the guard interval (cyclic prefix/postfix) are ignored. Only the so-called useful samples are input to a discrete Fourier transform (DFT) which performs the conventional OFDM demodulation. This corresponds to a rectangular windowing of the received signal in time domain. One limitation of OFDM in many applications is that it is very sensitive to carrier frequency offset, caused by frequency differences between the local oscillators in the transmitter and the receiver or Doppler spread. Carrier frequency offset causes intercarrier interference (ICI) and ICI degrades the system performance and increases the bit error rate (BER). The spectral demodulation properties can be improved by allowing excess time for the demodulation window. In many situations, the fixed guard interval is oversized, i.e., the actual duration of the channel impulse response is shorter than the implemented guard interval. We refer to that part of the guard interval which is not affected by echoes from previous OFDM symbols as unconsumed guard interval. Hence, samples in that region are exploitable to improve performance. Reference [1] examined the use of windowing to reduce the sensitivity of OFDM systems to frequency offset. Recently a "better than" raised-cosine (BTRC) window has been proposed for ICI power reduction [2] and improvement of BER performance [3]. It is shown that with BTRC window the OFDM system is considerably less
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Said Nader-Esfahani Department of ECE, University of Tehran, Tehran, Iran [email protected] sensitive to carrier frequency offset than with the common raised-cosine window. In [4], we introduced a general class of windows that have maximally flat (MF) shape at all the subcarrier frequencies. Such windows will make the OFDM system optimally tolerant to carrier frequency offset, in a maximally flat sense. Reference [5] also used Franks window for ICI reduction in OFDM which is similar to MF window shape. In this paper, we present a simple, near-optimum windowing that can mitigate the joint effect of additive noise and intercarrier interference among subcarriers caused by the carrier frequency offset. We will show that the proposed window outperform the other previously mentioned windows. In addition, we used the efficient implementation in the receiver in contrast to method introduced in [1], where DFT of size 2N is used. Computer simulations have been used to compare the performance of OFDM systems using different windows. Four windows including the raised-cosine, the “better than” raised-cosine (BTRC), the maximally flat (MF) and newly proposed window are considered in this simulations. This paper is organized as follows. In Section II, the system model is given. Then in Section III, a closed solution for proposed window for the purpose of joint reduction of noise and ICI is derived. Finally, the overall performance comparisons for different windowing schemes are presented in Section IV. II. SYSTEM MODEL A. Conventional OFDM Transmitter We consider the transmission of one single OFDM symbol generated by a N-point inverse DFT. Subcarrier number m is modulated by the complex-valued signal point Sm from the same zero-mean signal set for all m. The OFDM symbol interval which is consists of N subcarriers is denoted by T and subcarrier spacing is 1/T. The guard interval with Nguard ( Nguard < N ) samples in total is added. It is separated into a cyclic prefix and a cyclic postfix of Npre and Npost samples, respectively. Note that Nguard = Npre + Npost . In this work we use equal value for both cyclic prefix and cyclic postfix. The discrete-time complex baseband transmit samples are
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where Ne is the value for cyclic prefix and cyclic postfix (i.e. 2 Ne = Npre = Npost ). The average signal power is σ s2 = E s k .
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B. OFDM Receiver with pulse-shaping window In this work a nondispersive channel with frequency offset of ∆f is considered. At the receiver, the received OFDM symbol rk is multiplied with the pulse-shaping window and demodulated by the DFT. Thus, the modified OFDM demodulation is represented by



Yn =



N + N e −1



∑



pk rk e



− j 2π



k n N



,0 < n < N -1



(2)



k =− Ne



In addition, we can represent rk as
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(3) where ∆f T is a normalized frequency offset, and nk is the additive complex white Gaussian noise with zero mean and variance σ n~ . 2
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where, we assume a time limitation such that p k = 0 at least for k < -N and k > 2N . In practical implementations, the time window will be even much shorter. The parameter ρ that is discussed later is defined for this purpose. In this general receiver, yk is the input signal to the DFT of identical size N like in conventional OFDM. In a conventional receiver, we have pk=1 for 0 < k < N and pk =0 else. The efficient implementation in (4) is related with the polyphase implementation of a decimated DFT filter bank [6, p. 127] and is in contrast to method introduced in [1], where (1) is directly calculated with a DFT of size 2N. The latter solution is valid but not efficient for implementation. Incorporating the noiseless signal (1) into (2) and (3), we arrive at the frequency-domain transmission characteristic for subcarrier amplitudes N −1
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Clearly, the time window must comply with the time domain Nyquist condition +∞



∑p
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to ensure subcarrier orthogonality at least for ∆f T = 0. This is perfectly dual to the Nyquist criterion in frequencydomain. A second (practical) demand is the finite duration of the window shape. III. SUBOPTIMUM WINDOW SHAPE In [4], we derived the maximally flat (MF) window which is optimum for reducing intercarrier interference (ICI) which is caused by frequency offset, in noiseless conditions. Here, we also consider the effect of additive Gaussian white noise as well as frequency offset. For this reason, we introduce the correction parameter a .
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It is fully characterized by the time-excess parameter Ne < N/2 and the roll-off slope parameter a. Obviously, pk is extended by Ne samples on the left and Ne + 1 samples on the right, when compared to original OFDM with its rectangular window. The Maximally flat (MF) pulse is obtained simply by setting parameter a to one. We introduce the roll-off factor as
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indicating the fraction of time which the duration of the receive window is larger than the minimum of N samples, necessary for subcarrier orthogonality. Substituting (10) into (7), we obtain
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We define H(l, ∆fT) as
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transmitted subcarrier and received subcarrier when l ≠ 0 , for a given ∆f T , and we clearly see its dependency on the receive window shape pk. For l=0, we obtain the useful term. Therefore, we can rewrite (5) as
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We can simplify the third term as follow



k =− Ng



which describes the interference characteristic between
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(23) H = [ H (1, ∆f T )," , H ( N − 1, ∆f T )] where superscript T is a notation for transposing the vector. Vector H contains the interfering terms, only when l ≠ 0 , and useful term is H (0, ∆f T ) . Hence, we can rewrite (17) as H =u−av (24) We introduce the average ICI power induced into one specific subcarrier from all other subcarrier as σ I2 . The
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Fig. 1. Optimum slope a versus channel SNR for various normalized frequency offsets. This plot is for Ne = 8 and N = 64, i.e., ρ = 0.25, but note that these curves are nearly independent of specific values for N and Ne. 2π
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where we assumed white Gaussian noise and used the finite sum. For optimization, we form the derivative of our cost
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where superscript H denotes the conjugate transpose (Hermitian transpose) of the corresponding matrix. From (6), we have average noise power per subcarrier as
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average noise power per subcarrier is denoted by σ ~n2 . Signal interference and noise are assumed to be uncorrelated so that the effective average interference and noise power per 2 2 subcarrier is σ I + σ n~ and this cost function will minimized by a . Consequently, the slope which minimize will in good approximation maximize the overall SINR.
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The optimum linear slope is calculated from the SNR 2 2 ( σ s / σ n ), Ne and the vectors u and v. In Fig. 1, we plotted the normalized roll-off slopes for various parameter combinations. The slope value 0 ≤ a ≤ 1 , depends on the dominant source of degradation. If ICI dominates, we have values near one which is in consistent with the result of Maximally flat (MF) window, and if the noise power dominates we obtain values near zero. Even for very small normalized frequency offsets ( ∆f T = 0.01 ) we find nonzero slopes to be advantageous for high channel SNRs. Hence, the slope should be carefully selected according to the desired operating SNR of the modulation scheme in the specific OFDM system. IV. PERFORMANCE COMPARISON WITH OTHER WINDOWS The four window shapes in are compared in the following. We investigate the raised-cosine and “better than raisedcosine” (BTRC) shapes that is used in [2] and [3] for ICI reduction, Maximally-flat (MF), and newly proposed window shape with optimum slope. We use 64-subcarrier OFDM system. The Nyquist window shapes all have the time-excess (roll-off) factor of ρ = 0.75 . The possible gains in joint noise and ICI are demonstrated in Fig. 2, where the subcarrier Signal to interference plus noise (SINR) is plotted over the excess-time (roll-off) factor ρ for the four window shapes. The channel SNR is 2 2 It shows that performance 10 log 10 (σ s / σ n ) = 10dB. advantage of the proposed window over the other windows is increasing for larger excess-time (roll-off) factor ρ. For ρ → 1 our solution approaches a triangular window shape. At lower roll-off factors, the proposed window and the MF pulse have almost the same effect on the SINR. In practical digital wireless communication systems, the bit error rate is a more meaningful performance measure than the ICI power [3]. In this work, we use numerical methods to



compare the bit error rate (BER) of pulsed-shaped OFDM systems with 64QAM modulation schemes, in the presence of frequency offset. We assume square constellations with Gray encoding for 64QAM. This configuration is common in communication systems. Choosing the roll-off factor ρ as 0.75, Fig. 3 gives the average BER versus SNR curves for a QAM64-OFDM system in the presence of the normalized frequency offset 0.2. In this scenario, the pulsed-shaped system with using the proposed window outperforms the other systems. One observes in Fig. 3 that proposed pulse can gain about 3dB in SNR at BER=10-5. The superiorities of the proposed window, MF and BTRC pulsed-shaped systems over the raised cosine pulsed-shaped system can be clearly seen. The former three have significantly smaller BERs than the latter. Furthermore, an error floor occurs for the raised-cosine pulse, whereas, no error floor occurs for BTRC pulse, MF pulse and the proposed window in this case. REFERENCES [1] [2] [3]
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Fig.2. Subcarrier SINR versus ρ for various windows with N = 64 and ∆f



T = 0.02 . The channel SNR is 10 log10 (σ s2 / σ n2 ) = 10 dB.
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Fig. 3. The average BER performance of a 64QAM-OFDM system with the employment of different pulse-shaping windows with roll-off factor ρ of 0.75 in the presence of normalized frequency offset ∆f T = 0.2 .



1-4244-0517-3/06/$20.00 ©2006 IEEE



4



























[image: Leakage Power Reduction in Flip-Flops by Using ... - IEEE Xplore]
Leakage Power Reduction in Flip-Flops by Using ... - IEEE Xplore












[image: Joint NDT Image Restoration and Segmentation Using ... - IEEE Xplore]
Joint NDT Image Restoration and Segmentation Using ... - IEEE Xplore












[image: A Joint Relay Selection and Buffer Management ... - IEEE Xplore]
A Joint Relay Selection and Buffer Management ... - IEEE Xplore












[image: Joint Cross-Layer Scheduling and Spectrum Sensing for ... - IEEE Xplore]
Joint Cross-Layer Scheduling and Spectrum Sensing for ... - IEEE Xplore












[image: Blind Maximum Likelihood CFO Estimation for OFDM ... - IEEE Xplore]
Blind Maximum Likelihood CFO Estimation for OFDM ... - IEEE Xplore












[image: COLLABORATIVE NOISE REDUCTION USING COLOR-LINE MODEL ...]
COLLABORATIVE NOISE REDUCTION USING COLOR-LINE MODEL ...












[image: Joint Adaptive Modulation and Switching Schemes for ... - IEEE Xplore]
Joint Adaptive Modulation and Switching Schemes for ... - IEEE Xplore












[image: Joint DOA Estimation and Multi-User Detection for ... - IEEE Xplore]
Joint DOA Estimation and Multi-User Detection for ... - IEEE Xplore












[image: Noise reduction in multiple-echo data sets using ...]
Noise reduction in multiple-echo data sets using ...












[image: A New Approach in Synchronization of Uncertain Chaos ... - IEEE Xplore]
A New Approach in Synchronization of Uncertain Chaos ... - IEEE Xplore












[image: Joint Link Adaptation and User Scheduling With HARQ ... - IEEE Xplore]
Joint Link Adaptation and User Scheduling With HARQ ... - IEEE Xplore












[image: Doppler Spread Estimation for Wireless OFDM Systems - IEEE Xplore]
Doppler Spread Estimation for Wireless OFDM Systems - IEEE Xplore












[image: Joint Random Field Model for All-Weather Moving ... - IEEE Xplore]
Joint Random Field Model for All-Weather Moving ... - IEEE Xplore












[image: Modelling of Wave Propagation in Wire Media Using ... - IEEE Xplore]
Modelling of Wave Propagation in Wire Media Using ... - IEEE Xplore












[image: Cell Tracking in Video Microscopy Using Bipartite Graph ... - IEEE Xplore]
Cell Tracking in Video Microscopy Using Bipartite Graph ... - IEEE Xplore












[image: A New Outer Bound for the Gaussian Interference ... - IEEE Xplore]
A New Outer Bound for the Gaussian Interference ... - IEEE Xplore












[image: Ubiquitous Robot: A New Paradigm for Integrated Services - IEEE Xplore]
Ubiquitous Robot: A New Paradigm for Integrated Services - IEEE Xplore












[image: A New Parameter for UWB Indoor Channel Profile ... - IEEE Xplore]
A New Parameter for UWB Indoor Channel Profile ... - IEEE Xplore












[image: Video Stabilization and Completion Using Two Cameras - IEEE Xplore]
Video Stabilization and Completion Using Two Cameras - IEEE Xplore












[image: A Peak Power Efficient Cooperative Diversity Using Star ... - IEEE Xplore]
A Peak Power Efficient Cooperative Diversity Using Star ... - IEEE Xplore












[image: IEEE Photonics Technology - IEEE Xplore]
IEEE Photonics Technology - IEEE Xplore












[image: impulse noise reduction using motion estimation ...]
impulse noise reduction using motion estimation ...















Joint ICI and Noise Reduction in OFDM Using a New ... - IEEE Xplore






transmitter and the receiver or Doppler spread. Carrier frequency offset causes intercarrier interference (ICI) and ICI degrades the system performance and ... 






 Download PDF 



















 251KB Sizes
 0 Downloads
 186 Views








 Report























Recommend Documents







[image: alt]





Leakage Power Reduction in Flip-Flops by Using ... - IEEE Xplore 

Leakage Power Reduction in Flip Flops by Using. MTCMOS and ULP Switch. Saihua Lin. Department of Electronic Engineering. Tsinghua University. Beijing ...














[image: alt]





Joint NDT Image Restoration and Segmentation Using ... - IEEE Xplore 

Abstractâ€”In this paper, we propose a method to simultaneously restore and to segment piecewise homogeneous images degraded by a known point spread ...














[image: alt]





A Joint Relay Selection and Buffer Management ... - IEEE Xplore 

Dept. of Computer Science, UCLA. Los Angeles, USA. {tuanle, kalantarian, gerla}@cs.ucla.edu. Abstractâ€”Due to the unstable network topology of Delay.














[image: alt]





Joint Cross-Layer Scheduling and Spectrum Sensing for ... - IEEE Xplore 

secondary system sharing the spectrum with primary users using cognitive radio technology. We shall rely on the joint design framework to optimize a system ...














[image: alt]





Blind Maximum Likelihood CFO Estimation for OFDM ... - IEEE Xplore 

The authors are with the Department of Electrical and Computer En- gineering, National University of .... Finally, we fix. , and compare the two algorithms by ...














[image: alt]





COLLABORATIVE NOISE REDUCTION USING COLOR-LINE MODEL ... 

pose a noise reduction technique by use of color-line assump- .... N is the number of pixels in P. We then factorize MP by sin- .... IEEE Conference on. IEEE ...














[image: alt]





Joint Adaptive Modulation and Switching Schemes for ... - IEEE Xplore 

Email: [email protected]. Tran Thien Thanh ... Email: thienthanh [email protected] ... the relaying link even it can provide better spectral efficiency.














[image: alt]





Joint DOA Estimation and Multi-User Detection for ... - IEEE Xplore 

the transmitted data, uniquely identifies a desired user. The task of recognizing a ..... position is more important in the spatial spectrum than the peak value itself.














[image: alt]





Noise reduction in multiple-echo data sets using ... 

Abstract. A method is described for denoising multiple-echo data sets using singular value decomposition (SVD). .... The fact that it is the result of a meaningful optimization and has .... (General Electric Healthcare, Milwaukee, WI, USA) using.














[image: alt]





A New Approach in Synchronization of Uncertain Chaos ... - IEEE Xplore 

Department of Electrical Engineering and. Computer Science. Korea Advanced Institute of Science and Technology. Daejeon, 305â€“701, Republic of Korea.














[image: alt]





Joint Link Adaptation and User Scheduling With HARQ ... - IEEE Xplore 

S. M. Kim was with the KTH Royal Institute of Technology, 114 28. Stockholm ... vanced Institute of Science and Technology, Daejeon 305-701, Korea (e-mail:.














[image: alt]





Doppler Spread Estimation for Wireless OFDM Systems - IEEE Xplore 

operating conditions, such as large range of mobile subscriber station (MSS) speeds, different carrier frequencies in licensed and licensed-exempt bands, ...














[image: alt]





Joint Random Field Model for All-Weather Moving ... - IEEE Xplore 

Abstractâ€”This paper proposes a joint random field (JRF) model for moving vehicle detection in video sequences. The JRF model extends the conditional random field (CRF) by intro- ducing auxiliary latent variables to characterize the structure and ev














[image: alt]





Modelling of Wave Propagation in Wire Media Using ... - IEEE Xplore 

Abstractâ€”The finite-difference time-domain (FDTD) method is applied for modelling of wire media as artificial dielectrics. Both frequency dispersion and spatial ...














[image: alt]





Cell Tracking in Video Microscopy Using Bipartite Graph ... - IEEE Xplore 

Automated visual tracking of cells from video microscopy has many important biomedical applications. In this paper, we model the problem of cell tracking over pairs of video microscopy image frames as a minimum weight matching problem in bipartite gr














[image: alt]





A New Outer Bound for the Gaussian Interference ... - IEEE Xplore 

Wireless Communications and Networking Laboratory. Electrical Engineering Department. The Pennsylvania State University, University Park, PA 16802.














[image: alt]





Ubiquitous Robot: A New Paradigm for Integrated Services - IEEE Xplore 

virtual pet modeled as an artificial creature, and finally the. Middleware which seamlessly enables interconnection between other components. Three kinds of ...














[image: alt]





A New Parameter for UWB Indoor Channel Profile ... - IEEE Xplore 

Abstractâ€”This paper proposes a new parameter for identifying the room typology when the receiver is in ultra wideband. (UWB) indoor environments.














[image: alt]





Video Stabilization and Completion Using Two Cameras - IEEE Xplore 

Abstractâ€”Video stabilization is important in many application fields, such as visual surveillance. Video stabilization and com- pletion based on a single camera ...














[image: alt]





A Peak Power Efficient Cooperative Diversity Using Star ... - IEEE Xplore 

Abstractâ€”In this paper, we propose a new simple relaying strategy with bit-interleaved convolutionally coded star quadra- ture amplitude modulation (QAM).














[image: alt]





IEEE Photonics Technology - IEEE Xplore 

Abstractâ€”Due to the high beam divergence of standard laser diodes (LDs), these are not suitable for wavelength-selective feed- back without extra optical ...














[image: alt]





impulse noise reduction using motion estimation ... 

requires a detailed knowledge of the process, device models and extreme care during layout. The main type of capacitors involved are gate, miller and junction capacitors related to input and output stage of the transconductors connected to the integr


























×
Report Joint ICI and Noise Reduction in OFDM Using a New ... - IEEE Xplore





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















