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Self-Interference Threshold-Based MIMO Full-Duplex Precoding Sean Huberman and Tho Le-Ngoc



Abstract—The Full-Duplex (FD) Single-User Multiple-InputMultiple-Output (SU-MIMO) sum-rate maximization problem leads to a non-convex optimization problem. In this letter, we introduce a maximum Self-Interference Threshold (SIT) constraint to the sum-rate maximization problem in order to transform the problem into a convex optimization problem and develop the SIT-based FD Precoding (FDP-SIT) algorithm. In particular, the FDP-SIT algorithm consists of an inner loop which assumes fixed threshold values and an outer loop which optimizes each node’s threshold values. Illustrative examples show how the proposed FDP-SIT algorithm can provide a trade-off between the separate and joint FDP algorithms. As well, the measured data-based results suggest that the FDP-SIT algorithm can offer increased sum-rates when low cancellation power is used. Index Terms—Full duplex, MIMO, precoding, self-interference suppression.



I. I NTRODUCTION Full-Duplex (FD) has been proposed as potential technique for increasing the spectral efficiency by simultaneously transmitting and receiving signals over the same frequency [1], [2]. FD systems suffer from very high self-interference and effective self-interference management is essential to realizing the potential spectral efficiency improvements. Precoding has been proposed as a technique for effectively managing the self-interference for FD relay networks (e.g., [3]–[7]) and Single-User Multiple-Input-Multiple-Output (SUMIMO) systems (e.g., [8]–[11]). In particular, [8] designs the beamforming to minimize the required transmit power while constraining on the Signal-toInterference-plus-Noise Ratio (SINR). Transmit and receive beamforming is designed in [9] while directly modeling the dynamic-range limitations and using pilot-aided channel estimation. A pricing-based algorithm was proposed in [11] which replaces the direct non-convex optimization problem with four pricing-based sub-problems. Finally, [10] presents two Sequential Convex Programming (SCP)-based precoding algorithms. The first algorithm is referred to as the Difference of Convex Functions (DC)-based algorithm and the second Copyright (c) 2014 IEEE. Personal use of this material is permitted. However, permission to use this material for any other purposes must be obtained from the IEEE by sending a request to [email protected]. Sean Huberman and Tho Le-Ngoc are with the Department of Electrical and Computer Engineering, McGill University, 3480 University Street, Montreal, Quebec, Canada, H3A 0E9 (e-mails: [email protected] and [email protected]). The work presented in this paper is partly supported by the R&D Contract Advanced Transmission Multiple-Access Schemes for Future Radio Access from Huawei Technologies Canada. The authors would also like to thank Prof. Bruce Shepherd for his discussions which inspired this work.



is referred to as the Sequential Convex Approximations for Matrix-variable Programming (SCAMP) algorithm. A FD Precoding (FDP) transceiver structure which jointly beamforms the forward channel and cancels the selfinterference was proposed in [12]. The FDP structure provides additional transmit degrees of freedom, and hence, uses matrix precoding to avoid the need for active cancellation at the receiver. In this paper, we propose a new algorithm referred to as the Self-Interference Threshold (SIT) algorithm. SIT consists of an inner loop which avoids the non-convex optimization problem by introducing a maximum allowable self-interference threshold. The outer loops adjust the self-interference thresholds for each node. In this paper, we propose a nested bisection search for optimizing the outer loop due to its robustness. We refer to FDP-SIT as the SIT algorithm when making use of the FDP structure. The SIT and FDP-SIT algorithms are identical where the only difference lies in terms of the dimensionality of the matrices. Simulation results show that, typically, the proposed FDP-SIT algorithm achieves a sumrate in between that of the separate and joint FDP algorithms. As such, the FDP-SIT algorithm may be suitable for scenarios where the joint FDP algorithm requires many iterations to converge. Furthermore, the measured data-based results suggest that the FDP-SIT algorithm may be suitable for short-range scenarios where minimal cancellation power is used. The remainder of this paper is organized as follows: Section II introduces the system model, Section III presents the proposed FDP-SIT algorithm, Section IV provides illustrative results, and Section V provides some concluding remarks. Notation: Non-bold variables denote scalars, lower-case bold variables denote vectors, and upper-case bold variables denote matrices. E{·} refers to the expected value operation. A† refers to the conjugate transpose of matrix A. Tr{A} refers to the trace of matrix A. |A| refers to the determinant of matrix A. Id and 0d refer to the d × d identity and all-zero matrices, respectively. Finally, A < 0 implies that A is a positive semidefinite matrix. II. S YSTEM M ODEL The FD bidirectional (i.e., SU-MIMO) system model is shown in Fig. 1. Let each node be equipped with M physical antennas. It is assumed that each node applies the FDP transceiver structure [12] shown in Fig. 2. The FDP structure precodes M transmit signals into 2M paths where M of the paths are used for transmission, while all 2M paths affect the
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Similarly, let Gi ∈ CM×2M be the self-interference matrix of channel gains for the i-th node. Hence, Gi has the following structure:   ˜ i,a αIM , Gi = G



H1



Node 1 (Tx / Rx)



G1



Node 2 (Tx / Rx)



G2



H2 Fig. 1. Full-duplex SU-MIMO system model.



self-interference. The transmission paths include a Digitalto-Analog Converter (DAC), an amplifier, a Power Amplifier (PA) and a circulator. The circulator provides some passive isolation between the transmitted and received signals.1 The received signals are combined with the auxiliary paths and the result is passed through a Low-Noise Amplifier (LNA) and an Analog-to-Digital Converter (ADC). The self-interference channel are slow time-varying and hence, estimated channel information can be obtained during periodic HD transmission training phases.
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ˆ i + ∆Gi , Gi = G



(1)



ˆ i is the estimated where Gi is the true channel matrix, G channel matrix, and ∆Gi is the estimation error channel 2 matrix, with zero mean and variance σerr . As such, we model the imperfect self-interference channel knowledge as ∆Gi for analysis. Note that α is assumed to be known perfectly since it would be specified by the service provider based on the allowable power consumption and hence, its exact effects can be measured off-line. Let Vi ∈ C2M×M be the precoding matrix for the i-th node. The transmission equation for the signal received at the i-th node can be written as: yi = Hj Vj xj + Gi Vi xi + zi ,



PA 2M paths



DAC



˜ i,a ∈ CM×M and α is a scalar representing the gain where G of each cancellation path. Let xi ∈ CM×1 be the vector of transmitted signals for the i-th node. The self-interference channels, Gi (i = 1, 2), are assumed to be estimated, while the forward channels, Hi (i = 1, 2), are assumed to be known perfectly, in order to easily compare with the HD case. As well, by assuming imperfect self-interference channel knowledge, we can study the effects of residual self-interference on the achievable sum-rate. More specifically, it is assumed that:



DAC



Precoder (2M x M)



H and G channel information
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Fig. 2. MIMO full-duplex precoding structure.



The joint precoding design ensures that the transmission and auxiliary paths work in tandem to effectively trade-off between the maximization of the forward channel and the suppression of the self-interference. Let Hj ∈ CM×2M be the matrix of channel gains from the 2M antenna paths of the j-th node to the M antennas of the i-th node (i 6= j). Hence, Hj has the following structure:   ˜ j 0M , Hj = H ˜ j ∈ CM×M and it is assumed that the paths are where H numbered such that the first M paths correspond to forward transmission, while the second M paths correspond to the auxiliary paths (i.e., the paths which are not transmitted). 1 FD transceiver design approaches often make use of passive (e.g., [13]– [16]) cancellation techniques.



where zi ∈ CM×1 is the noise seen at the i-th node. The first term represents the intended signals, while the second term represents the self-interference incurred by operating in FD mode. Let the transmit covariance matrices of the direct and selfinterference signals at the i-th receiver, respectively, be given by: Ci,j = Hj Vj Sj Vj† H†j , Ci,i = Gi Vi Si Vi† G†i , where Si = E{xi x†i }. Assuming Gaussian noise and codebook, the achievable rate at the i-th node is given by: −1  Ci,j , Ri = log2 IM + Σi + Ci,i (2)



where Σi = E{zi z†i }.



III. S ELF -I NTERFERENCE T HRESHOLD In this section, we present the SIT approach which can be applied with or without using our FDP transceiver structure. The SIT approach introduces a maximum self-interference constraint for each node, referred to as the self-interference threshold value, θi for i = 1, 2.
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The SIT optimization problem is defined as2 : max



Q1 ,Q2



R1th



+



Algorithm 1: SIT: Bisection search for θ2 .



R2th



subject to: Tr{Qi } ≤ Pmax,i , i = 1, 2, ˆ † } ≤ θi , i = 1, 2, ˆ i Qi G Tr{G



(3)



i



Qi < 0, i = 1, 2, where θi is a fixed self-interference threshold value and Rith is defined as: −1 Rith = log2 IM + (Σi + Θi ) Ci,j ,



where j 6= i and Θi is the M ×M matrix with each entry equal to θi for i = 1, 2. Note that for fixed values of θi (i = 1, 2), optimization problem (3) is convex and hence, can be solved using any convex optimization software (e.g., cvx, a package for solving disciplined convex programs in Matlab [17], [18]). The SIT algorithm performs a nested bisection search to solve for the optimal threshold values. In particular, the nested bisection search is adopted for its simplicity and guaranteed convergence. Without loss of generality, assume the outer loop performs bisection over θ1 . Then, for a fixed θ1 , Algorithm 1 provides a P2 bisection search algorithm for θ2 , where Rth (θ2 ) = i=1 Rith when θ2 is applied. The full SIT algorithm is summarized in Algorithm 2. The outer loop performs a bisection search over θ1 . For each value of θ1 , a bisection search over θ2 must be performed. Optimization problem (3) must be solved after each outer and inner loop update (i.e., after updating the value of θ1 or θ2 ). For each fixed value of θ1 , the bisection search over θ2 provides a monotonically increasing rate function; however, since after each θ1 update, a new bisection search over θ2 must be run, it is possible that the sum-rate may temporarily drop before monotonically increasing. In other words, the SIT approach exhibits a piece-wise monotonically increasing rate function, where each discontinuity corresponds to an update of the θ1 parameter (i.e., the start of a new bisection search over θ2 ). From an outer-loop perspective (i.e., focusing on the sum-rate changes with respect to changes in θ1 ), the SIT algorithm is monotonically increasing and hence, convergence of the algorithm is guaranteed. In this paper, we distinguish between the SIT and the FDPSIT algorithms. Both SIT and FDP-SIT apply Algorithm 2, where the difference lies only in terms of the dimensionality and elements of the channel matrices, as specified in Section II. IV. I LLUSTRATIVE R ESULTS This section provides some illustrative results for a performance comparison of the proposed FDP-SIT and other existing algorithms.3 The PAs are assumed to have a 30 dB gain, the 2 Let Q⋆ denote the transmit covariance matrix of the i-th node obtained i from solving optimization problem (3). 3 The complexity of the considered algorithms is dominated by the solutions for their respective convex sub-problems. In particular, the per-iteration complexity of FDP-SIT is slightly lower than that of SCAMP, DC, and the joint FDP, while being higher than the separate FDP algorithm.



Given: θ1 ≥ 0 ; Initialize: θ2,min = 0, θ2,max = 23 ; Step 1: Determine max and min bisection values ; while 1 do if Rth (θ2,min ) ≥ Rth (θ2,max ) then break ; else θ2,max = 2 × θ2,max ; if Rth (θ2,max ) ≤ Rth (θ2,max /2) then θ2,min = θ2,min /2 ; break ; else θ2,min = θ2,max ; Step 2: Perform Bisection ; repeat θ2 = (θ2,min + θ2,max ) /2 ; Solve (3) using θ1 and θ2 for Rth (θ2 ) ; if Rth (θ2,min ) ≤ Rth (θ2 ) ≥ Rth (θ2,max ) then dmin = Rth (θ2 ) − Rth (θ2,min ) ; dmax = Rth (θ2 ) − Rth (θ2,max ) ; if dmin < dmax then θ2,max = θ2,max − (θ2,max − θ2 ) /2 ; else θ2,min = θ2,min + (θ2 − θ2,min ) /2 ; else if Rth (θ2,min ) ≤ Rth (θ2 ) ≤ Rth (θ2,max ) then θ2,min = θ2 ; else if Rth (θ2,min ) ≥ Rth (θ2 ) ≥ Rth (θ2,max ) then θ2,max = θ2 ; else if Rth (θ2,max ) > Rth (θ2,min ) then θ2,min = θ2 ; else θ2,max = θ2 ; until θ2 converges;



circulators are assumed to have a 20 dB isolation and the variance of the inter-antenna self-interference is assumed to be 20 dB below that of the direct self-interference paths. The noise was normalized such that E{zi z†i } = IM (i = 1, 2). ˜ i (i = 1, 2), were generated as Hence, the forward channels, H zero-mean complex Gaussian random variables with a variance equal to the Signal-to-Noise-Ratio (SNR). Conversely, the self˜ i,a (i = 1, 2), were generated as zerointerference channels, G mean complex Gaussian random variables with a variance equal to the self-Interference-to-Noise Ratio (INRin ), where SNR/INRin represents the Signal-to-self-Interference Ratio at the receiver input (SIRin ) before interference cancellation. The simulations assume M = 4, and that each node uses an identical power (normalized to one). Fig. 3 shows the FD-to-HD sum-rate ratio and FD sum2 rate vs. SNR with SIRin = −40 dB, α = 15 dB, σerr = 1. The results show that for low SNR the FDP-SIT algorithm coincides with the joint FDP algorithm and provides a near-
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Algorithm 2: SU-MIMO: Self-Interference Threshold. 1.8



1.6 FD−to−HD sum−rate ratio



Initialize: θ1,min = 0, θ1,max = Λmax ; repeat θ1 = (θ1,min + θ1,max ) /2 ; Find optimal θ2 for fixed θ1 using Algorithm 1 ; Solve (3) using θ1 and θ2 for Q⋆i ; Apply the same bisection search updates as in Algorithm 1 on θ1,min and θ1,max ; until θ1 converges; Apply Cholesky decomposition: Q⋆i = Li L†i , i = 1, 2 ; −1/2 , i = 1, 2 Solve for Vi = Li Si
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Fig. 4 shows the FD-to-HD sum-rate ratio and FD sum-rate 2 vs. α with SNR = 5 dB, SIRin = −40 dB, σerr = 1. The results show that for very small α the FDP-SIT and SIT (i.e., no FDP) algorithms provide a comparable sum-rate, slightly worse than that of optimized HD. However, as the value of α increases, the FDP-SIT algorithm provides a trade-off between the joint and separate FDP algorithms. In particular, with α = 12 dB, the FDP-SIT algorithm provides nearly 20% sum-rate improvements over the separate FDP algorithm and provides a near-joint FDP sum-rate. Next, we compare the performances of the various approaches using measured data. The measured data was collected from a FD 2x2 SU-MIMO scenario, where the nodes were separated by 5 m. The measured data represents one snap shot during the daytime (i.e., with students moving around) on the 2.5 GHz carrier. As before, it was assumed that the self-interference measurements had an associated zero-mean 2 Gaussian estimation error with a variance, σerr . Fig. 5 shows the FD-to-HD sum-rate ratio vs. α using the measured data 2 with σerr = 1. The results show that for smaller values of α, the FDP-SIT algorithm provides the best sum-rate. When α is small, the bisection search of the FDP-SIT approach is able to effectively adjust the self-interference threshold value to more effectively
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Fig. 5. FD-to-HD sum-rate ratio vs. α using measured data on the 2.5 GHz 2 = 1. carrier at a distance of 5 m with σerr



trade-off between maximizing the forward and minimizing the self-interference channels. As α increases, the joint FDP algorithm can more effectively take advantage of the additional cancellation power, and leads to performance improvements over the FDP-SIT algorithm. It is interesting to note that, in comparing Fig. 4 and Fig. 5, the FDP-SIT algorithm performs considerably better with the measured data. This could be due to the fact that the measured data corresponds to transmission over a short distance (i.e., 5 m), while the simulation results assumed a more pessimistic SIRin value. As well, the simulation based results assume fourantennas per node, while the measured data was collected using only two antennas per node, due to hardware limitations. While the results with measured-data show that the FDPSIT algorithm provides a competitive sum-rate, more tests with other measured data are necessary to better characterize the FDP-SIT algorithm behavior relative to the separate and joint FDP algorithms in a wider range of scenarios. In particular, it is necessary to more thoroughly investigate the effect of
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additional antennas and transmission over further distances. The convergence of the FDP-SIT algorithm based on a particular realization is given in Fig. 6. The FDP-SIT approach exhibits a step-like convergence, which is caused by the nested bisection search. In particular, for each fixed value of θ1 , the bisection search for θ2 provides a monotonically increasing function until it begins to level-off; however, after each additional outer-loop iteration, the bisection search for θ2 is re-initialized, often resulting in a sudden drop in rate followed by a monotonic increase until it levels off once again. Due to the nested bisection search, the FDP-SIT approach often requires a few hundred iterations to converge. An area for future work could be investigating a more efficient outerloop update formula for the FDP-SIT algorithm, which could reduce the required number of iterations for convergence.
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Fig. 6. Convergence of FDP-SIT algorithm using measured data on the 2.5 2 = 1. GHz carrier at a distance of 5 m with α = 15 dB and σerr



V. C ONCLUDING R EMARKS In this letter we proposed the Self-Interference Thresholdbased Full-Duplex Precoding (FDP-SIT) algorithm to convert the original non-convex sum-rate maximization problem into a convex optimization problem by introducing a maximum selfinterference threshold constraint. The self-interference threshold approach naturally leads to a nested loop structure, where the threshold values for each node are optimized in an outerloop. The outer loop is optimized using a bisection search due to its robustness. A more efficient outer-loop search method could significantly improve the convergence of the FDP-SIT algorithm and is left as a topic for future work. The illustrative results showed that the FDP-SIT algorithm could provide a near-joint FDP sum-rate in some scenarios. Finally, based on measured data, the FDP-SIT algorithm may provide reasonable performance while reducing the required power consumption since it was observed that the FDP-SIT algorithm outperforms the joint FDP algorithm when α was small.



R EFERENCES [1] M. Duarte and A. Sabharwal, “Full-duplex wireless communications using off-the-shelf radios: feasibility and first results,” in Proc. ASILOMAR Signals, Syst., Comput., Nov. 2010, pp. 1558–1562. [2] M. Jain, J. I. Choiy, T. Kim, D. Bharadia, S. Seth, K. Srinivasan, P. Levis, S. Katti, and P. Sinha, “Practical, real-time, full duplex wireless,” in Proc. Int. Conf. Mobile Comput. Netw., 2011, pp. 301–312. [3] T. Riihonen, S. Werner, and R. Wichman, “Mitigation of loopback selfinterference in full-duplex MIMO relays,” IEEE Trans. Signal Process., vol. 59, no. 12, pp. 5983–5993, Dec. 2011. [4] B. Chun and H. Park, “A spatial-domain joint-nulling method of selfinterference in full-duplex relays,” IEEE Commun. Lett., vol. 16, no. 4, pp. 436–438, Apr. 2012. [5] H. Ju, E. Oh, and D. Hong, “Improving efficiency of resource usage in two-hop full duplex relay systems based on resource sharing and interference cancellation,” IEEE Trans. Wireless Commun., vol. 8, no. 8, pp. 3933–3938, Aug. 2009. [6] P. Lioliou, M. Viberg, M. Coldrey, and F. Athley, “Self-interference suppression in full-duplex MIMO relays,” in Proc. ASILOMAR Signals, Syst., Comput., Nov. 2010, pp. 658–662. [7] J.-H. Lee and O.-S. Shin, “Distributed beamforming approach to fullduplex relay in multiuser MIMO transmission,” in Proc. IEEE Wireless Commun. and Netw. Conf., Apr. 2012, pp. 278–282. [8] J. Zhang, O. T. Motlagh, and M. Haardt, “Robust transmit beamforming design for full-duplex point-to-point MIMO systems,” in Proc. Int. Symp. Wireless Commun. Syst., Aug. 2013, pp. 1–5. [9] B. Day, A. Margetts, D. Bliss, and P. Schniter, “Full-duplex bidirectional MIMO: achievable rates under limited dynamic range,” IEEE Trans. Signal Process., vol. 60, no. 7, pp. 3702–3713, Jul. 2012. [10] S. Huberman and T. Le-Ngoc, “Sequential convex programming for fullduplex single-user MIMO systems ,” in Proc. IEEE Int. Conf. Commun., Jun. 2014, pp. 5078–5082. [11] ——, “Self-interference pricing for full-duplex MIMO systems,” in Proc. IEEE Global Telecommun. Conf., Dec. 2013, pp. 3902–3906. [12] T. Le-Ngoc and S. Huberman, “Multiple-input and multiple-output (MIMO) full-duplex precoding structure,” Provisional Patent Application US 61/945,507, Feb. 27, 2014. [13] Y. K. Chan, V. C. Koo, B. K. Chung, and H. Chuah, “A cancellation network for full-duplex front end circuit,” Prog. Electromagn. Res. Lett., vol. 7, pp. 139–148, 2009. [14] A. Sahai, G. Patel, and A. Sabharwal, “Pushing the limits of full-duplex: design and real-time implementation,” Jul. 2011, Available: http://arxiv. org/pdf/1107.0607v1.pdf. [15] E. Everett, A. Sahai, and A. Sabharwal, “Passive self-interference suppression for full-duplex infrastructure nodes,” IEEE Trans. Wireless Commun., vol. 13, no. 2, pp. 680–694, Feb. 2014. [16] E. Aryafar, M. Khojastepour, K. Sundaresan, S. Rangarajan, and M. Chiang, “MIDU: enabling MIMO full duplex,” in Proc. Int. Conf. Mobile Comput. Netw., 2012, pp. 257–268. [17] M. Grant and S. Boyd, “Graph implementations for nonsmooth convex programs,” in Recent advances in learning and control, lecture notes in control and information sciences, V. Blondel, S. Boyd, and H. Kimura, Ed. Springer-Verlag Limited, 2008, pp. 95–110, http://stanford.edu/ ∼boyd/graph dcp.html. [18] CVX Research, Inc., “CVX: matlab software for disciplined convex programming, version 2.0,” http://cvxr.com/cvx, Jun. 2013.



0018-9545 (c) 2013 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.




























Binder MIMO Channels - IEEE Xplore













Self-Interference Pricing-Based MIMO Full-Duplex ... - IEEE Xplore













The Geometry of the MIMO Broadcast Channel Rate ... - IEEE Xplore













IEEE Photonics Technology - IEEE Xplore













wright layout - IEEE Xplore













Device Ensembles - IEEE Xplore













wright layout - IEEE Xplore













Evolutionary Computation, IEEE Transactions on - IEEE Xplore













I iJl! - IEEE Xplore













Gigabit DSL - IEEE Xplore













IEEE CIS Social Media - IEEE Xplore













Grammatical evolution - Evolutionary Computation, IEEE ... - IEEE Xplore













SITAR - IEEE Xplore













striegel layout - IEEE Xplore













Digital Fabrication - IEEE Xplore













Iv~~~~~~~~W - IEEE Xplore













Device Ensembles - IEEE Xplore













Fountain codes - IEEE Xplore













Multipath Matching Pursuit - IEEE Xplore













Privacy-Enhancing Technologies - IEEE Xplore













Low-power design - IEEE Xplore













ATC2012_Proceedings_core1-LAST FINAL - IEEE Xplore













Bandlimited Intensity Modulation - IEEE Xplore













The Viterbi Algorithm - IEEE Xplore















Self-Interference Threshold-Based MIMO Full-Duplex ... - IEEE Xplore






leads to a non-convex optimization problem. In this letter, we in- troduce a maximum Self-Interference Threshold (SIT) constraint to the sum-rate maximization ... 






 Download PDF 



















 133KB Sizes
 2 Downloads
 237 Views








 Report























Recommend Documents













Binder MIMO Channels - IEEE Xplore 

Abstractâ€”This paper introduces a multiple-input multiple- output channel model for the characterization of a binder of telephone lines. This model is based on ...




















Self-Interference Pricing-Based MIMO Full-Duplex ... - IEEE Xplore 

The proposed FDP-SIP algorithm can be implemented without the need of active cancellation at the receiver. Simulation results demonstrate the effectiveness of.




















The Geometry of the MIMO Broadcast Channel Rate ... - IEEE Xplore 

Telephone: +49 89 289-28508, Fax: +49 89 289-28504, Email: {hunger,joham}@tum.de ... dirty paper coding is applied, we show that the analogon to different ...




















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 ...




















wright layout - IEEE Xplore 

tive specifications for voice over asynchronous transfer mode (VoATM) [2], voice over IP. (VoIP), and voice over frame relay (VoFR) [3]. Much has been written ...




















Device Ensembles - IEEE Xplore 

Dec 2, 2004 - time, the computer and consumer electronics indus- tries are defining ... tered on data synchronization between desktops and personal digital ...




















wright layout - IEEE Xplore 

ACCEPTED FROM OPEN CALL. INTRODUCTION. Two trends motivate this article: first, the growth of telecommunications industry interest in the implementation ...




















Evolutionary Computation, IEEE Transactions on - IEEE Xplore 

search strategy to a great number of habitats and prey distributions. We propose to synthesize a similar search strategy for the massively multimodal problems of ...




















I iJl! - IEEE Xplore 

Email: [email protected]. Abstract: A ... consumptions are 8.3mA and 1.lmA for WCDMA mode .... 8.3mA from a 1.5V supply under WCDMA mode and.




















Gigabit DSL - IEEE Xplore 

(DSL) technology based on MIMO transmission methods finds that symmetric data rates of more than 1 Gbps are achievable over four twisted pairs (category 3) ...




















IEEE CIS Social Media - IEEE Xplore 

Feb 2, 2012 - interact (e.g., talk with microphones/ headsets, listen to presentations, ask questions, etc.) with other avatars virtu- ally located in the same ...




















Grammatical evolution - Evolutionary Computation, IEEE ... - IEEE Xplore 

definition are used in a genotype-to-phenotype mapping process to a program. ... evolutionary process on the actual programs, but rather on vari- able-length ...




















SITAR - IEEE Xplore 

SITAR: A Scalable Intrusion-Tolerant Architecture for Distributed Services. âˆ—. Feiyi Wang, Frank Jou. Advanced Network Research Group. MCNC. Research Triangle Park, NC. Email: {fwang2,jou}@mcnc.org. Fengmin Gong. Intrusion Detection Technology Divi




















striegel layout - IEEE Xplore 

tant events can occur: group dynamics, network dynamics ... network topology due to link/node failures/addi- ... article we examine various issues and solutions.




















Digital Fabrication - IEEE Xplore 

we use on a daily basis are created by professional design- ers, mass-produced at factories, and then transported, through a complex distribution network, to ...




















Iv~~~~~~~~W - IEEE Xplore 

P. Arena, L. Fortuna, G. Vagliasindi. DIEES - Dipartimento di Ingegneria Elettrica, Elettronica e dei Sistemi. Facolta di Ingegneria - Universita degli Studi di Catania. Viale A. Doria, 6. 95125 Catania, Italy [email protected]. ABSTRACT. The no




















Device Ensembles - IEEE Xplore 

Dec 2, 2004 - Device. Ensembles. Notebook computers, cell phones, PDAs, digital cameras, music players, handheld games, set-top boxes, camcorders, and.




















Fountain codes - IEEE Xplore 

7 Richardson, T., Shokrollahi, M.A., and Urbanke, R.: 'Design of capacity-approaching irregular low-density parity check codes', IEEE. Trans. Inf. Theory, 2001 ...




















Multipath Matching Pursuit - IEEE Xplore 

Abstractâ€”In this paper, we propose an algorithm referred to as multipath matching pursuit (MMP) that investigates multiple promising candidates to recover ...




















Privacy-Enhancing Technologies - IEEE Xplore 

filling a disk with one big file as a san- ... â€œOne Big File Is Not Enoughâ€� to ... analysis. The breadth of privacy- related topics covered at PET 2006 made it an ...




















Low-power design - IEEE Xplore 

tors, combine microcontroller architectures with some high- performance analog circuits, and are routinely produced in tens of millions per year with a power ...




















ATC2012_Proceedings_core1-LAST FINAL - IEEE Xplore 

Abstractâ€”In the context of energy constrained wireless sensor networks where individual nodes can cooperate together to deploy the cooperative ...




















Bandlimited Intensity Modulation - IEEE Xplore 

Abstractâ€”In this paper, the design and analysis of a new bandwidth-efficient signaling method over the bandlimited intensity-modulated direct-detection (IM/DD) ...




















The Viterbi Algorithm - IEEE Xplore 

HE VITERBI algorithm (VA) was proposed in 1967 as a method of decoding convolutional codes. Since that time, it has been recognized as an attractive solu-.


























×
Report Self-Interference Threshold-Based MIMO Full-Duplex ... - 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.
















