









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













840



IEEE TRANSACTIONS ON WIRELESS COMMUNICATIONS, VOL. 2, NO. 4, JULY 2003



New Exponential Bounds and Approximations for the Computation of Error Probability in Fading Channels Marco Chiani, Senior Member, IEEE, Davide Dardari, Member, IEEE, and Marvin K. Simon, Fellow, IEEE



Abstract—We present new exponential bounds for the Gaussian function (one- and two-dimensional) and its inverse, and -ary phase-shift-keying (MPSK), -ary differential for phase-shift-keying (MDPSK) error probabilities over additive white Gaussian noise channels. More precisely, the new bounds are in the form of the sum of exponential functions that, in the limit, approach the exact value. Then, a quite accurate and simple approximate expression given by the sum of two exponential functions is reported. The results are applied to the general problem of evaluating the average error probability in fading channels. Some examples of applications are also presented for the computation of the pairwise error probability of space–time codes and the average error probability of MPSK and MDPSK in fading channels. Index Terms—Bounds, fading, -ary differential phase-shift keying (MDPSK), -ary phase-shift keying (MPSK), function, space–time codes (STCs).



that the accuracy of our results is preserved when used to evaluate the average error probability in fading channels. Some examples of applications are reported for the computation of the pairwise error probability (PEP) for space–time codes (STCs) and the average error probability of -ary phase-shift keying (MPSK) and -ary differential phase-shift keying (MDPSK). II. IMPROVED EXPONENTIAL-TYPE BOUNDS ON THE The complementary error function is usually defined as [2] (1) The tail probability of a unit variance zero mean Gaussian function, which is related to the random variable is the by



I. INTRODUCTION



T



HE GAUSSIAN function, or, equivalently, the error and its complement are of great function importance whenever Gaussian variables occur [1], [2]. These functions are tabulated, and often available as built-in functions in mathematical software tools. However, in many cases it is useful to have closed-form bounds or approximations instead of the exact expression, to facilitate expression manipulations [3], [4]. In fact, exponential-type bounds or approximations are particularly useful in evaluating the bit-error probability in many communication theory problems, such those arising in coding, fading, and multichannel reception [5]. Here, we provide new exponential-type upper bounds on the function and its inverse. The two-dimensional (2-D) case has also been considered. Moreover, a quite accurate approximation is developed in the form of the sum of two exponentials. Generally, bounds or approximations are not suitable for application to average error-probability evaluation because their accuracy is not guaranteed for a wide range of values. However, we show Manuscript received June 24, 2002; revised September 10, 2002; accepted September 16, 2002. The editor coordinating the review of this paper and approving it for publication is A. Svensson. The work of M. Chiani and D. Dardari was supported in part by MIUR and CNR, Italy. This paper was presented in part at the IEEE Global Telecommunications Conference, Taipei, Taiwan, November 2002. M. Chiani and D. Dardari are with DEIS, CSITE-CNR, University of Bologna, 40136 Bologna, Italy (e-mail: [email protected]; ddardari@ deis.unibo.it). M. K. Simon is with the Jet Propulsion Laboratory, Pasadena, CA 91109-8099 USA (e-mail: [email protected]). Digital Object Identifier 10.1109/TWC.2003.814350



(2) , all In the following, we will focus our attention on the results also being useful for the function by the relation in (2). A few years ago, the following integral of an exponential form for the function appeared in [6] (3) Although this alternative form can be obtained by trivial manipulations of the results given in Weinstein [7] and Pawula et al. [8], it is not explicitly stated in either paper. In the past, some exponential-type bounds have been derived. , the By adopting the Chernoff–Rubin bound we have, for exponential-type bound [1] (4) This can be improved by a factor 1/2. In fact, it is not difficult to show that the following also holds [1]: (5) In [9], it was observed that the bound in (5) can be derived from (3) by replacing the integrand with its maximum that occurs at as follows:
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Fig. 2. Comparison between erfc(1), the approximation (14), and the Chernoff bound.



Fig. 1.



Comparison among exponential bounds on the erfc(1).



The main idea of this work is that the previous bound can be improved in a simple way. For this purpose, let us first note that since (7) is a monotonically increasing function in for values of then choosing arbitrarily with write the following improved exponential bound:



, such that , we can



value for the case is a good choice. In Fig. 1, we report the behavior of (8) with equispaced points, i.e., with . Note that the case is the bound in (10). III. A TIGHT AND SIMPLE APPROXIMATION FOR THE Starting from (3), a quite good and simple approximate ex. In fact, by applying the nupression can be obtained for for an merical evaluation by trapezoidal rule in the case arbitrary point , we have (12) Parameter is chosen here to minimize the integral of the relative error in the range of values of interest (the classical minimum mean square error optimization does not give good results in this case)



(8) (13) where (9) By increasing , that is the number of values, the bound tends to the exact value. In fact, the right hand side of (8) corresponds to the numerical evaluation of the integral in (3) by the rectangular rule, that in this case also provides an upper bound. In other words, the integrand function is Riemann integrable. For , we have (5). By inexample, from (8), by choosing and creasing , we obtain tighter upper bounds. With , we have



The optimum value in the range culated numerically to be



dB has been calleading to (14)



Actually, it can be verified that (14) provides a tight upper bound . This can be seen in Fig. 2 where the function for is plotted. As can be noted, there is good agreement for a wide range of abscissa values. Expression (14) with becomes useful in those communication theory problems (e.g., coding) where an exponential-type function makes the solution or the evaluation simpler, without substantial loss of accuracy. An example of such an application is reported in Section VI.



(10) With



and



IV. BOUNDS ON THE



, we have (11)



can In general, the intermediate points be chosen arbitrarily, for example, trying to obtain the best bound, or simply equispaced, but satisfying . We verified that the



Another important function useful in dealing with statistical problems is the inverse complementary error function, defined . It is worthwhile observing as that, to our knowledge, although some approximations can be found in [10], bounds on the inverse error function have not been investigated in the literature. Here, we derive simple upper
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bounds on the inverse function from the exponential-type previously presented. In fact, the first (trivial) bounds on bound from (5) is (15) An improved bound can be derived by inverting (10) as follows:



respectively. For example, with uniform spacing, we have and . or is negative, then For the case where and the upper limit, the integrand in the interval between is a monotonically decreasing function of and can be upper bounded by a downward staircase function. Hence, by further or is subdividing the condition where negative, we have, respectively



(16) Numerically, it can be verified (see, e.g., Fig. 1) that at , the bound in (16) is 0.69, 0.46, value and 0.22 dB closer, respectively, to the exact with respect to the bound in (15). V. BOUNDS FOR THE 2-D JOINT GAUSSIAN



(21)



FUNCTION



A similar approach can be followed to bound the 2-D joint Gaussian function, starting from the representation presented in [17]. There, it was shown that the 2-D Gaussian function can be written as



(22) where in (21) and



(17) with



in (22). Parameters , , , and can be obtained again from (20). These bounds can be applied, for example, to compute the outage probability for dual diversity selection combining over correlated distributed log-normal channels [18], [19].



the correlation coefficient and VI. UPPER AND LOWER EXPONENTIAL BOUNDS ON MPSK AND MDPSK SYMBOL-ERROR PROBABILITY



(18) Here, the inverse tangent function principal value is taken in the so that . Since the integrand in interval and each term of (17) is increasing in the interval , two cases have to be considered. decreasing for and are posThe first case is where both itive. Then, the integrands in (17) are monotonically increasing functions of in their respective integration intervals. Thus, the integral can be upper bounded by



Based on results obtained by Pawula et al. [8], [15], the following expressions exist for the symbol-error probability (SEP) of coherent MPSK and differential coherent MPSK (MDPSK):



(23) and



(24) (19) where



(20) and



,



are



arbitrarily chosen values satisfying and



,



where is the symbol signal-to-noise ratio (SNR). In (23), the integrand is monotonically increasing in the interval and monotonically decreasing in the interval . It can also be noted that the integrand is symmetric around . Thus, to upper and lower bound the the value SEP, one can first divide the integral into two integrals corresponding to the above integration intervals and then apply the approach discussed in the previous sections. Arbitrarily monotonically increasing values of such that choosing
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, the following upper and lower sum of exponential bounds are obtained:
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In general, if the error probability can be upper bounded, as is done in (8), (25), and (28), then we can write (similarly for lower bounds) (32)



(25)



where (33)



(26) where



and



is the moment-generating function (MGF) associated with the random variable [11]. Once the MGF of the instantaneous SNR is known (often in closed form), it is simple to evaluate, using with the accuracy required, the average probability (32) without the need to perform any numerical integration. A. Application to STCs



(27) In (24), the integrand is monotonically decreasing over the . Thus, arbitrarily entire integration interval monotonically increasing values of such choosing , then the that following upper and lower sum of exponential bounds are obtained: (28)



(29)



As an example of an application, consider the evaluation of the average PEP of STCs in the same scenario as in [12]–[14], [16] corresponding to a four-state quadrature phase-shift-keying (QPSK) STC operating in a Rayleigh-fading environment. The , for two transmitting PEP is evaluated for a block length and one receiving antenna, and (34) denotes where , are the two codewords considered and the symbol energy. In this case, the MGF of for both independent and block fading channels is [11], [16] (35)



where (30)



VII. APPLICATION TO THE CALCULATION ERROR PROBABILITY



OF



AVERAGE



System performance investigation in fading channels often requires the evaluation of the average error probability over the fading statistics, namely (31) denotes the error probability conditioned on the where instantaneous SNR . In most cases, this task becomes difficult due to the nonlinear dependence of the error probability on , the specific form of the nonlinearity depending on the particular modulation technique employed. Based on the form of in (3), a general result is given in [11] for the evaluation of the above expectation over fading channels for the case where with arbitrary constants . In this paper, we apply the exponential bounds of the previous sections to find a simple and accurate approach for the computation of (31) that does not require any numerical integration.



is the single-sided noise power spectral density. By where inserting (35) in (32), we obtain the bound on average PEP



(36) If the approximation (14) is invoked, a simpler expression for the PEP can be found, namely



(37) The accuracy of (36) and (37) can be verified by observing Fig. 3. For this particular scenario, an exact expression has also been obtained in [16]. The exact curve and the Chernoff bound [13], [14] are also reported for comparison. For example, at the improvement obtained for and PEP with respect to the Chernoff bound is on the order of 3 dB. Moreover, the approximation (37) leads to a very tight result. These results show that both the bound and the approximation maintain their accuracy even if averaged over the fading. More generally, these bounds and approximations are useful in all cases function can be where the MGF of the argument of the evaluated in a closed form (see [16] for more details about application to STCs).
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Fig. 3. PEP versus E
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=N



for the four-state QPSK STC considered.



Fig. 4.



P



(E ) versus



E =N



for 8PSK and 16PSK. N = 8;



Fig. 5.



P



(E ) versus



E =N



for 8DPSK and 16DPSK. N = 8.



N



= 4.



B. Average Upper and Lower Bounds on MPSK and MDPSK SEP The same MGF method can be exploited to find upper and lower bounds on MPSK and MDPSK SEP in fading channels. Starting from (25), (26), (28), and (29), by applying the same methodology followed in previous sections, we get the following bounds on the average SEP:



(38)



(39)



(40)



(41)



for MPSK and MDPSK, respectively. The MGF can be evaluated from (33) once the fading statistics are known and is reported for a large variety of channels in [11]. In Figs. 4 and 5, the accuracy of the bounds can be verified for 8PSK, 16PSK, 8DPSK, and 16DPSK schemes in Rayleigh fading. Also in this case, the accuracy, in terms of SNR required , is preserved for the whole range of SNR for a fixed target of interest.



VIII. CONCLUSION In this paper, exponential bounds for one-dimensional and functions have been presented. In the limit 2-D Gaussian of a large number of terms, these bounds approach their corresponding exact values. Moreover, an accurate and simple function is reported. The approximate expression for the general problem regarding the evaluation of the average error probability in fading channels has been addressed by using these bounds and approximation in situations where other kinds of bounds (e.g., Chernoff–Rubin) fail. In particular, some examples have been given for the computation of the PEP of STCs and the average error probability of MPSK and MDPSK in fading channels.



CHIANI et al.: NEW EXPONENTIAL BOUNDS AND APPROXIMATIONS FOR THE COMPUTATION OF ERROR PROBABILITY



ACKNOWLEDGMENT The authors would like to thank M.-S. Alouini and O. Andrisano for helpful discussions during the preparation of this work. REFERENCES [1] J. M. Wozencraft and I. M. Jacobs, Principles of Communication Engineering, 1st ed. London, U.K.: Wiley, 1965. [2] I. S. Gradshteyn and I. M. Ryzhik, Tables of Integrals, Series, and Products, 5th ed. San Diego, CA: Academic, 1994. [3] N. C. Beaulieu, “A simple series for personal computer computation of the error function (:),” IEEE Trans. Commun., vol. 37, pp. 989–991, Sept. 1989. [4] P. O. Borjesson and C. E. Sundberg, “Simple approximations of the error function Q(x) for communications applications,” IEEE Trans. Commun., vol. COM-27, pp. 639–643, Mar. 1979. [5] M. K. Simon and M. Alouini, “Exponential-type bounds on the generalized Marcum Q function with application to error probability analysis over fading channels,” IEEE Trans. Commun., vol. 48, pp. 359–366, Mar. 2000. [6] J. W. Craig, “A new, simple and exact result for calculating the probability of error for two-dimensional signal constellations,” in IEEE MILCOM Conf. Rec., Boston, MA, 1991, pp. 25.5.1–25.5.5. [7] F. S. Weinstein, “Simplified relationships for the probability distribution of phase of a sine wave in narrow-band normal noise,” IEEE Trans. Inform. Theory, vol. IT-20, pp. 658–661, Sept. 1974. [8] R. F. Pawula, S. O. Rice, and J. H. Roberts, “Distribution of the phase angle between two vectors perturbed by Gaussian noise,” IEEE Trans. Commun., vol. 30, pp. 1828–1841, Aug. 1982. [9] M. K. Simon and D. Divsalar, “Some new twists to problems involving the Gaussian probability integral,” IEEE Trans. Commun., vol. 46, pp. 200–210, Feb. 1998. [10] Handbook of Mathematical Functions, National Bureau of Standards, Washington, DC, 1972. [11] M. K. Simon and M. S. Alouini, Digital Communication Over Fading Channels: A Unified Approach to Performance Analysis. New York: Wiley, 2000. [12] V. Tarokh, N. Seshadri, and A. R. Calderbank, “Space–time codes for high data rate wireless communication: Performance criterion and code construction,” IEEE Trans. Inform. Theory, vol. 44, pp. 744–765, Mar. 1998. [13] M. Uysal and N. C. Georghiades, “Error performance analysis of space–time codes over Rayleigh fading channels,” in Proc. IEEE VTC, 2000, pp. 2285–2290. [14] M. Uysal and N. C. Georghiades, “Error performance analysis of space–time codes over Rayleigh fading channels,” J. Commun. Networks, vol. 2, no. 4, pp. 351–356, Dec. 2000. [15] R. F. Pawula, “A new formula for MDPSK symbol error probability,” IEEE Commun. Lett., vol. 2, pp. 271–272, Oct. 1998. [16] M. K. Simon, “Evaluation of average bit error probability for space-time coding based on a simpler exact evaluation of pairwise error probability,” J. Commun. Networks, vol. 3, no. 3, pp. 257–264, Aug. 2001. , “A simpler form of the Craig representation for the two-dimen[17] sional joint Gaussian Q function,” IEEE Commun. Lett., vol. 6, pp. 49–51, Feb. 2002. [18] M. S. Alouini and M. K. Simon, “Dual diversity over correlated lognormal fading channels,” in Proc. ICC, vol. 4, Helsinki, Finland, June 11–14, 2001, pp. 1089–1093. [19] M. S. Alouini and M. K. Simon, “Dual diversity over correlated log-normal fading channels,” IEEE Trans. Commun., vol. 50, pp. 1946–1959, Dec. 2002.



Q



845



Marco Chiani (M’94–SM’02) was born in Rimini, Italy, on April 4, 1964. He received the Dr.Ing. degree (with honors) in electronic engineering and the Ph.D. degree in electronic engineering and computer science from the University of Bologna, Bologna, Italy, in 1989 and 1993, respectively. From 1994 he was with the Dipartimento di Elettronica, Informatica e Sistemistica, University of Bologna, where he is currently Professor and Chair for Telecommunications in Cesena. His research interests include the areas of communications theory, coding, and wireless networks. Dr. Chiani is an Editor for Wireless Communications, IEEE TRANSACTIONS ON COMMUNICATIONS, and Chair of the Radio Communications Committee, IEEE Communications Society. He was a Member of the Technical Program Committee of the IEEE Conferences GLOBECOM 1997, ICC 1999, ICC 2001, and ICC 2002.



Davide Dardari (S’96–M’98) was born in Rimini, Italy, on January 19, 1968. He received the Laurea degree (summa cum laude) in electronic engineering and the Ph.D. degree in electronic engineering and computer science from the University of Bologna, Bologna, Italy, in 1993 and 1998, respectively. In the same year, he joined the Dipartimento di Elettronica, Informatica e Sistemistica to develop his research activity in the area of digital communications. From 1998 to 2001, he was involved with the ASI (Italian Space Agency)-CNIT (Consorzio Nazionale Inter-universitario per le Telecomunicazioni) project on satellite systems. Since 2000, he has been a Research Associate at the University of Bologna. He held the position of Lecturer of electrical communications and digital transmission and telecommunications systems at the same university. His research interests are in OFDM systems, nonlinear effects, cellular mobile radio, satellite systems, and wireless LAN.



Marvin K. Simon (S’60–M’66–SM’75–F’78) is currently a Senior Research Engineer at the Jet Propulsion Laboratory (JPL), California Institute of Technology (Caltech), Pasadena, where, for the last 31 years, he has performed research as applied to the design of NASA’s deep-space and near-earth missions and which has resulted in the issuance of nine U.S. patents and 23 NASA Tech Briefs. He is known as an internationally acclaimed authority on the subject of digital communications with particular emphasis in the disciplines of modulation and demodulation, synchronization techniques for space, satellite, and radio communications, trellis-coded modulation, spread spectrum and multiple access communications, and communication over fading channels. He has also held a joint appointment with the Electrical Engineering Department at Caltech. He has published over 160 papers on the above subjects and is coauthor of several textbooks and textbook chapters. His work has also appeared in the textbook Deep Space Telecommunication Systems Engineering (New York: Plenum, 1984). Dr. Simon is the corecipient of the 1986 Prize Paper Award in Communications of the IEEE Vehicular Technology Society and the 1999 Prize Paper Award of the IEEE Vehicular Technology Conference (VTC’99-Fall), Amsterdam, The Netherlands. He is a Fellow of the IAE, and winner of a NASA Exceptional Service Medal, a NASA Exceptional Engineering Achievement Medal, the IEEE Edwin H. Armstrong Achievement Award, and most recently, the IEEE Millennium Medal.



























[image: New inner and outer bounds for the discrete ...]
New inner and outer bounds for the discrete ...












[image: New inner and outer bounds for the discrete ...]
New inner and outer bounds for the discrete ...












[image: Simultaneous Approximations for Adversarial ... - Research at Google]
Simultaneous Approximations for Adversarial ... - Research at Google












[image: RESONANCES AND DENSITY BOUNDS FOR CONVEX CO ...]
RESONANCES AND DENSITY BOUNDS FOR CONVEX CO ...












[image: New Bounds for MAX-SAT by Clause Learning]
New Bounds for MAX-SAT by Clause Learning












[image: Defining new approximations of belief functions by means of ...]
Defining new approximations of belief functions by means of ...












[image: Asymptotic Variance Approximations for Invariant ...]
Asymptotic Variance Approximations for Invariant ...












[image: Iterative approximations for multivalued nonexpansive mappings in ...]
Iterative approximations for multivalued nonexpansive mappings in ...












[image: Inner and Outer Bounds for the Gaussian Cognitive Interference ...]
Inner and Outer Bounds for the Gaussian Cognitive Interference ...












[image: Beating the Bounds - Esri]
Beating the Bounds - Esri












[image: decomposition approximations for time-dependent ...]
decomposition approximations for time-dependent ...












[image: Global Strichartz estimates for approximations of the ...]
Global Strichartz estimates for approximations of the ...












[image: Approximations of the Cramer-Rao bound for multiple-target ... - Irisa]
Approximations of the Cramer-Rao bound for multiple-target ... - Irisa












[image: Functional Approximations of Impulse Responses: New ...]
Functional Approximations of Impulse Responses: New ...












[image: Conserving and gapless approximations for an ...]
Conserving and gapless approximations for an ...












[image: Parameterizing Pair Approximations for Takeover ...]
Parameterizing Pair Approximations for Takeover ...















New exponential bounds and approximations for the ...






[7] F. S. Weinstein, â€œSimplified relationships for the probability distribution of phase .... access communications, and communication over fading channels. He has ... 






 Download PDF 



















 523KB Sizes
 0 Downloads
 283 Views








 Report























Recommend Documents







[image: alt]





New inner and outer bounds for the discrete ... 

The rapid advancement of wireless technology in the past years has started what ... the adaptability, communication and cooperation capabilities of wireless.














[image: alt]





New inner and outer bounds for the discrete ... 

... in the past years has started what some commentators call the â€œwireless ... The constant increase of wireless services has led to a situation where new services have a ... termed the interference channel with conferencing encoders.














[image: alt]





Simultaneous Approximations for Adversarial ... - Research at Google 

When nodes arrive in an adversarial order, the best competitive ratio ... Email:[email protected]. .... model for combining stochastic and online solutions for.














[image: alt]





RESONANCES AND DENSITY BOUNDS FOR CONVEX CO ... 

Abstract. Let Î“ be a convex co-compact subgroup of SL2(Z), and let Î“(q) be the sequence of â€�congruenceâ€� subgroups of Î“. Let. Rq âŠ‚ C be the resonances of the ...














[image: alt]





New Bounds for MAX-SAT by Clause Learning 

2 Department of Computer Science, University of Munich. Oettingenstr. ... Supported in part by INTAS (grants 04-77-7173, 05-109-5352), RFBR (grants 05-01-. 00932-a ..... cations. Theoretical Computer Science 348 (2005) 357â€“365. 9.














[image: alt]





Defining new approximations of belief functions by means of ... 

representations are sought, i.e. by means of belief functions with a restricted number of focal elements. The second drawback is the lack of intuitive significance for a belief function with several focal elements of different cardinality. As explain














[image: alt]





Asymptotic Variance Approximations for Invariant ... 

Given the complexity of the economic and financial systems, it seems natural to view all economic models only as ...... To summarize, accounting for model misspecification often makes a qualitative difference in determining whether ... All these size














[image: alt]





Iterative approximations for multivalued nonexpansive mappings in ... 

Abstract. In this paper, we established the strong convergence of Browder type iteration {xt} for the multivalued nonexpansive nonself-mapping T satisfying the ...














[image: alt]





Inner and Outer Bounds for the Gaussian Cognitive Interference ... 

... by the newfound abilities of cognitive radio technology and its potential impact on spectral efficiency in wireless networks is the cognitive radio channel [4]. ... The contents of this article are solely the responsibility of the authors and do 














[image: alt]





Beating the Bounds - Esri 

Feb 20, 2016 - Sapelli is an open-source Android app that is driven by pictogram decision trees. The application is named after the large Sapelli mahogany ...














[image: alt]





decomposition approximations for time-dependent ... 

Nov 11, 1997 - plex telephone call centers containing a network of interactive voice ... Hence, if there tend to be ample servers, a network of infinite-server ...














[image: alt]





Global Strichartz estimates for approximations of the ... 

This equation has two important properties, the conservation of energy .... out that in the case m = 1 the above estimates can be obtained by energy methods.














[image: alt]





Approximations of the Cramer-Rao bound for multiple-target ... - Irisa 

Jul 10, 2009 - Abstract: The study is concerncd with multiple target motion analysis (MTMA), when thc ... and sophisticated tools havc thus been developed.














[image: alt]





Functional Approximations of Impulse Responses: New ... 

16In New-Keynesian models, the impulse response functions are generally monotonic or hump-shaped (see. e.g., Walsh, 2010). 17We describe the exact ... Then, the ease of interpretation of the a, b and c parameters in turn makes prior elicitation .....














[image: alt]





Conserving and gapless approximations for an ... 

of the zero-energy single-particle mode and the fluctuations of the condensate .... and Collective Modes Cam- bridge University Press, New York, 1987, Chap. 6.














[image: alt]





Parameterizing Pair Approximations for Takeover ... 

Dept. of Computer Science ... After parameterizing the pair approxi- mation to account ... degree) local interaction neighborhoods embedded in Carte- sion 2D ...


























×
Report New exponential bounds and approximations for the ...





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.
















