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Abstract: 
Multiple secondary users can cooperate to increase the reliability of spectrum 
sensing in cognitive radio networks. However, the total transmission power grows 
approximately linearly with the number of cooperative secondary users. This 
paper proposes a new approach to optimize the trade-off between sensing 
reliability and power efficiency in cooperative cognitive radio networks over 
fading channels. We assume K cooperative secondary users each collect N 
samples during the sensing time. The proposed approach is based on dividing 
the spectrum sensing into two phases. In the first phase, we use only n of N 
samples, (n ≤ N) to check the channels state, then k of K cooperative secondary 
users, (k ≤ K) which are in deeply faded channels are discarded. We call this n a 



check point of the sensing time. The spectrum sensing with relatively less-faded 
channels are continued during the second phase. Therefore, there is a check 
point at which the sensing time can be optimized in order to maximize the 
probability of detection and the power efficiency. Several experiments 
are carried out to test the performance of the proposed approach in terms of 
detection probability and power efficiency. The obtained results show that the 
proposed approach enhances the detection probability as well as it shortened the 
optimal sensing time. Moreover, it improves the overall power efficiency. 
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Abstract: 
 In this paper, we propose a chaotic interleaving scheme for the continuous 



phase modulation based single-carrier frequency-domain equalization (CPM-
SCFDE) system. Chaotic interleaving is used in this scheme to generate 
permuted versions from the sample sequences to be transmitted, with low 
correlation among their samples, and hence a better bit error rate (BER) 
performance can be obtained. The proposed CPM-SC-FDE system with chaotic 
interleaving combines the advantages of the frequency diversity, the low 
complexity, and the high power efficiency of the CPMSC- FDE system and the 
performance improvements due to chaotic interleaving. The BER performance of 
the CPM-SC-FDE system with and without chaotic interleaving is evaluated 
by computer simulations. Also, a comparison between the proposed chaotic 
interleaving and the conventional block interleaving is performed. Simulation 
results show that, the proposed chaotic interleaving scheme can greatly improve 
the performance of the CPM-SC-FDE system. Furthermore, the results show that 
this scheme outperforms the conventional block 
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Abstract: 
In this study, a new energy-efficient hybrid opportunistic cooperative (HOC) 
transmission protocol is proposed for single-carrier frequency division multiple 
access (SC-FDMA)-based cooperative networks. The author considers a single 
source–destination pair and multiple relays network. The proposed protocol 
improves the energy efficiency of SC-FDMAbased networks by selecting the 
most energy-efficient cooperative transmission protocol from a set of available 
protocols according to the current channel state information. The protocols 
considered in the development of the HOC protocol are amplify-and-forward, 
decode-and-forward, compress-and-forward and estimate-and-forward. 
Computer simulation is done over four different scenarios of channel conditions. 
The obtained results show that the proposed HOC protocol significantly improves 
the delay-limited capacity and minimises the outage probability of SC-FDMA-
based cooperative networks. The results also show that the minimum required 
average total power in the proposed HOC protocol is less than that of 
opportunistic decode-and-forward by 0.55 dB. 
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Abstract: 
The selective mapping (SLM) scheme is one of the most popular peak-to 
average power ratio (PAPR) reduction techniques proposed for multi-input multi-
output orthogonal frequency division multiplexing (MIMO-OFDM) systems. One 
of the major disadvantages of this scheme is the need for the transmission of 
side information (SI) bits to enable the receiver to recover the transmitted data. 
The authors present a small overhead SLM (s-SLM) scheme for space–time 
block coded (STBC) MIMO-OFDM systems. This proposed 
scheme improves the system bandwidth efficiency and achieves a significantly 
lower bit error rate (BER) than the individual SLM (i-SLM) and direct SLM (d-
SLM) schemes. In addition, approximate expressions for the complementary 
cumulative distribution function (CCDF) of the PAPR and the average BER of the 
proposed s-SLM scheme are derived. The simulation results show that the 
proposed s-SLM scheme improves the detection probability of the SI bits and 
hence gives a better performance than the i-SLM and the d-SLM schemes. 
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SUMMARY 
In this paper, we study the performance of the continuous phase modulation 
(CPM)-based orthogonal frequency division multiplexing (CPM-OFDM) system. 
Also, we propose a CPM-based single-carrier frequency domain equalization 
(CPM-SC-FDE) structure for broadband wireless communication systems. The 
proposed structure combines the advantages of the low complexity of SC-FDE, 
in addition to exploiting the channel frequency diversity and the power efficiency 
of CPM. Both the CPM-OFDM system and the proposed system are 
implemented with FDE to avoid the complexity of the equalization. Two types of 
frequency domain equalizers are considered and compared for performance 
evaluation of both systems; the zero forcing (ZF) equalizer and the minimum 
mean square error (MMSE) equalizer. Simulation experiments are performed for 
a variety of multipath fading channels. Simulation results show that the 
performance of the CPM-based systems with multipath fading is better than their 
performance with single path fading. The performance over a multipath channel 
is at least 5 and 12 dB better than the performance over a single path channel, 
for the CPM-OFDM system and the proposed CPM-SC-FDE system, 
respectively. The results also show that, when CPM is utilized in SC-FDE 
systems, they can outperform CPM-OFDM systems by about 5 dB. Copyright _ 
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Abstract 
In this article, we propose a chaotic interleaving scheme for continuous-phase 
modulation-based orthogonal frequency-division multiplexing (CPM-OFDM) 
systems. The idea of chaotic maps randomisation (CMR) is exploited in this 
scheme. CMR generates permuted sequences from the sequences to be 
transmitted with lower correlation among their samples, and hence a better Bit 
Error Rate (BER) performance can be achieved. The proposed CMR-CPM-
OFDM system combines the advantages of frequency diversity and power 
efficiency from CPMOFDM and performance improvement from chaotic 
interleaving. The BER performance of the CPM-OFDM system with and without 
chaotic interleaving is evaluated by computer simulations. Also, a comparison 
between chaotic interleaving and block interleaving is performed. Simulation 



results show that, the proposed chaotic interleaving scheme can greatly improve 
the performance of CPM-OFDM systems. Furthermore, the results show that the 
proposed chaotic interleaving scheme outperforms the traditional block 
interleaving scheme for CPM-OFDM systems. The results show also that, the 
proposed CMRCPM- OFDM system provides a good trade-off between system 
performance and bandwidth efficiency. 
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Abstract: 

A new approach for peak-to-average power ratio (PAPR) reduction in orthogonal 
frequency division multiplexing (OFDM) systems was proposed. This approach is 
based on assigning powers to the different subcarriers of OFDM using an 
unequal power distribution strategy. In addition, a reduced complexity selective 
mapping (RC-SLM) scheme was proposed. The proposed scheme is based on 
partitioning the frequency domain symbol sequence into several sub-blocks, and 
then each sub-block is multiplied by different phase sequences whose length is 
shorter than that used in the conventional SLM scheme. Then, a kind of low 
complexity conversions is used to replace the IFFT blocks. The performance of 
the proposed RC-SLM scheme along with the new approach was studied with 
computer simulation. The obtained results show that the proposed RC-SLM 
scheme is able to achieve the lowest computational complexity when compared 
with other low complexity schemes proposed in the literature while at the same 
time improves the PAPR reduction performance by about 0.3 dB. 
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Abstract: 
 
In this paper, we propose a chaotic interleaving scheme for the continuous 
phase modulation based single-carrier frequency-domain equalization (CPM-
SCFDE) system. Chaotic interleaving is used in this scheme to generate 
permuted versions from the sample sequences to be transmitted, with low 
correlation among their samples, and hence a better bit error rate (BER) 
performance can be obtained. The proposed CPM-SC-FDE system with chaotic 
interleaving combines the advantages of the frequency diversity, the low 
complexity, and the high power efficiency of the CPMSC- FDE system and the 
performance improvements due to chaotic interleaving. The BER performance of 
the CPM-SC-FDE system with and without chaotic interleaving is evaluated 
by computer simulations. Also, a comparison between the proposed chaotic 
interleaving and the conventional block interleaving is performed. Simulation 
results show that, the proposed chaotic interleaving scheme can greatly improve 
the performance of the CPM-SC-FDE system. Furthermore, the results show that 
this scheme outperforms the conventional block 
 



Keywords : 
SC-FDE · CPM · Chaotic interleaving · Frequency-domain equalization 

 
References: 

1. Falconer, D., Ariyavisitakul, S., Benyamin-Seeyar, A., & Eidson, B. (2002). 
Frequency domain equalization for single-carrier broadband wireless systems. 
IEEE Communications and Magagement, 40(4), 58–66. 
2. Gusmo, A., Dinis, R., & Esteves, N. (2003). On frequency-domain equalization 
and diversity combining for broadband wireless communications. IEEE 
Communication Letters, 51(7), 1029–1033. 
3. Pancaldi, F., Vitetta, G., Kalbasi, G. R., Al-Dhahir, N., Uysal, M., & Mheidat, H. 
(2008). Single-carrier frequency domain equalization. IEEE Signal Processing 
Magazine, 25(5), 37–56. 
4. Sari, H., Karam, G., & Jeanclaude, I. (1995). Transmission techniques for 
digital terrestrial TV broadcasting. IEEE Communications Magazine, 33(2), 100–
109. 
5. Zhu, X., & Murch, R. (2004). Layered space-frequency equalization in a single-
carrier MIMO system for frequency-selective channels. IEEE Transaction on 
Wireless Communicaions, 3, 701–708. 
6. Nee, R. V., & Prasad, R. (2000). OFDM for wireless multimedia 
communications. Norwood: Artech House. 
7. Schulze, H., & Luders, C. (2005). Theory and application of OFDM and CDMA 
wideband wireless communication. New York: John Wiley. 
8. Anderson, J., Aulin, T., & Sundeberg, C. (1986). Digital phase modulation. 
New York: Plennum Press. 
9. Kiviranta, M., Mammela, A., Cabric, D., Sobel, D. A., & Brodersen, R. W. 
(2005). Constant envelope multicarrier modulation: Performance evaluation in 
AWGN and fading channels. IEEE Milcom, 2, 807–813. 
10. Thompson, S. C., & Ahmed, A. U. (2008). Constant-envelope OFDM. IEEE 
Transaction on Communications, 56(8), 1300–1312. 
11. Buzid, T., & Huemer, M. (2009). Single carrier transmission with frequency 
domain equalization (SC/FDE) system with a PAPR of unity. In Proceedings of 
ICACT-09 (Vol. 1, pp. 459–462). Feb. 2009 
12. Tsai, Y., Zhang, G., & Pan, J.-L. (2005). “Orthogonal frequency division 
multiplexing with phase modulation and constant envelope design”. In IEEE 
Milcom, 4, 2658–2664. 
13. Thillo, W., Horlin, F., Nsenga, J., Ramon, V., Bourdoux, A., & Lauwereins, R. 
(2009). Low-complexity linear frequency domain equalization for continuous 



phase modulation. IEEE Transactions on Wireless Communications, 8(3), 1435–
1441. 
14. Pancaldi, F., & Vitetta, G. M. (2006). Equalization algorithms in the frequency 
domain for continuous phase modulations. IEEE Transactions on 
Communications, 54(4), 648–658. 
15. Hassan, E. S., Zhu, X., El-Khamy, S. E., Dessouky, M. I., El-Dolil, S. A., & 
Abd El-Samie, F.E. (2009). A continuous phase modulation single-carrier 
wireless system with frequency domain equalization. In Proceedings of ICCES-
09, Cairo, Egypt, 14–16 Dec. 2009. 
16. Hassan, E. S., Zhu, X., El-Khamy, S. E., Dessouky, M. I., El-Dolil, S. A., & 
Abd El-Samie, F.E. (2010). Performance evaluation of OFDM and single-carrier 
systems using frequency domain equalization and phase modulation. 
International Journal of Communication Systems (in press). 
17. Barbieri, A., Fertonani, D., & Colavolpe, G. (2009). Spectrally efficient 
continuous phase modulations. IEEE Transactions on Wireless Communications, 
8(3), 1564–1572. 
18. Castello, D.J., Hagenauer, J., Imai, H., & Wicker, S. (1998). Applications of 
error-control coding. IEEE Transactions on Information Theory, 44, 2531–2560. 
19. Shi, Y. Q., Zhang, X. M., Ni, Z.-C., & Ansari, N. (2004). Interleaving for 
combating error bursts. IEEE Circuts and systems magazine, 4, 29–42 (First 
Quarter 2004). 
20. Nguyen, V. D., & Kuchenbecker, H. (2001). Block interleaving for soft 
decision viterbi decoding in ofdm systems. In IEEE VTC (Vol. 1, pp. 470–474). 
2001. 
21. Jovic, B., & Unsworth, C. (2007). Chaos-based multi-user time division 
multiplexing communication system. IET Communications, 1(4), 1751–8628. 
22. Matthews, R. (1998). On the derivation of a chaotic encryption algorithm. 
Cryptologia XIII, 1, 29–41. 
23. Deffeyes, K. S. (1991). Encryption system and method. US Patent, no. 
5001754, March 1991. 
24. Fridrich, J. (1998). Symmetric ciphers based on two-dimensional chaotic 
maps. International Journal of Bifurcation and Chaos, 8, 1259–1284. 
25. Han, F., Yu, X., & Han, S. (2006). Improved baker map for image encryption,” 
in ISSCAA, 2006, pp. 1273–1276. 
26. Hassan, E. S., El-Khamy, S. E., Dessouky, M. I., El-Dolil, S. A., & Abd El-
Samie, F. E. (2009). New interleaving scheme for continuous phase modulation 
based OFDM systems using chaotic maps. In Proceedings of WOCN-09, Cairo, 
Egypt, 28–30 April 2009. 
27. Proakis, J. G., & Manolakis, D. G. (1996). Digital signal processing: 
Principles, algorithms, and applications (3rd edn). NJ: Prentice Hall. 



28. Proakis, J. G., & Salehi, M. (1994). Communication Systems Engineering. 
New Jersey: Prentice Hall. 
 

 
 
 

Author Biographies 
Emad S. Hassan received the B.Sc. and M.Sc. degrees in 
Electrical Engineering from Menoufia University, Egypt 
in 2003 and 2006, respectively. He is currently an 
Assistant Lecturer in the Dept. of Electronics and 
Electrical Communications, Faculty of Electronic 
Engineering, Menoufia University. In 2008, he joined 

the Communications Research Group at Liverpool University, 
Liverpool, UK, as a Visitor Research Student doing research on wireless 
communication. He is currently working towards the Ph.D. degree in 
Communications Engineering from the Menoufia University. His areas 
of interests are CDMA, OFDM, SC-FDE, MIMO and CPM based 
systems. 
 
 

 
Xu Zhu received the B.Eng. degree (with first class honors) 
from the Huazhong University of Science and Technology, 
Wuhan, China, in 1999, and the Ph.D. degree from the 
Hong Kong University of Science and Technology, Hong 
Kong, in 2003, both in Electrical and Electronic 

Engineering. Since May 2003, she has been with the Department of 
Electrical Engineering and Electronics, the University of Liverpool, 
Liverpool, U.K., where she is currently a lecturer. Dr. Zhu was the vice 
chair of the 2006 and 2008 ICA Research Network International 
Workshops, which were held in Liverpool, U.K. She has served as a 
session chair and a technical program committee member for various 
conferences, such as IEEE GLOBECOM 2009 and IEEE VTC 



Spring-2009. Her research interests include MIMO, OFDM, 
equalization, blind source separation, cooperative communications and 
crosslayer optimization, etc. 
 

 
 

Said E. El-Khamy received the B.Sc. (Honors) and M.Sc. 
degrees from Alexandria University, Alexandria, Egypt, in 
1965 and 1967 respectively, and the Ph.D. degree from the 
University of Massachusetts, Amherst, USA, in 1971. He 
joined the teaching staff of the Department of Electrical 
Engineering, Faculty of Engineering, Alexandria 
University, Alexandria, Egypt, since 1972 and was 

appointed as a Full-time Professor in 1982 and as the Chairman of the 
Electrical Engineering Department from September 2000 to 
September 2003. He is currently an Emeritus Professor. Prof. El-
Khamy has published more than three hundreds scientific papers in 
national and international conferences and journals and took part in the 
organization of many local and international conferences. His Current 
research areas of interest include Spread-Spectrum Techniques, Mobile 
and Personal Communications, Wave Propagation in different media, 
Smart Antenna Arrays, Space-Time Coding, Modern Signal Processing 
Techniques and their applications in Image Processing, Communication 
Systems, Antenna design and Wave Propagation problems. Prof. El-
Khamy is a Fellow member of the IEEE since 1999. He received many 
prestigious national and international prizes and awards including the 
State Appreciation Award (Al-Takderia) of Engineering Sciences for 
2004, the most cited paper award from Digital Signal Processing 
journal for 2008, the IEEE R.W.P. King best paper award of the 
Antennas and Propagation Society of IEEE, in 1980, the the A. 
Schuman’s-Jordan’s award for Engineering Research in 1982. He is also 
a Fellow of the Electromagnetics Academy and a member of Tau Beta Pi, 
Eta Kappa Nu and Sigma Xi. 

 
 
 
 



Moawad I. Dessouky received the B.Sc. (Honors) and 
M.Sc. degrees from the Faculty of Electronic Engineering, 
Menoufia University, Menouf, Egypt, in 1976 and 1981, 
respectively, and the Ph.D. from McMaster University, 
Canada, in 1986. He joined the teaching staff 
of the Department of Electronics and Electrical 
Communications, Faculty of Electronic Engineering, 

Menoufia University, Menouf, Egypt, in 1986. He has published more 
than 140 scientific papers in national and international conference 
proceedings and journals. He is currently the head of the Dept. 
Electronics and Electrical Communications, Faculty of Electronic 
Engineering, Menoufia University. He has received the most cited paper 
award from Digital Signal Processing journal for 2008. His current 
research areas of interest include spectral estimation techniques, image 
enhancement, image restoration, super resolution reconstruction of 
images, satellite communications, and spread spectrum techniques. 
 
 
 
 

 
Sami A. El-Dolil received his B.Sc. and M.Sc. degrees in 
Electronic Engineering from Menoufia University, 
Menouf, Egypt, in 1977 and 1981, respectively. In 1986 
he joined the Communications Research Group at 
Southampton University, Southampton, England, as a 
Research Student doing research on teletraffic analysis 
for mobile radio communication. He received his Ph.D. 

degree from Menoufia University, Menouf, Egypt, in 1989. He was a 
Post Doctor Research Fellow at the Department of Electronics and 
Computer Science, University of Southampton, 1991–1993. He is 
working as a Professor at the Department of Electronics and Electrical 
Communications, Faculty of Electronic Engineering, Menoufia 
University, Menouf, Egypt. His current research interests are in high-
capacity digital mobile systems and multimedia networks. 
 
 



 
 
 

Fathi E. Abd El-Samie received the B.Sc. (Honors), 
M.Sc., and Ph.D. from the Faculty of Electronic 
Engineering, Menoufia University, Menouf, Egypt, in 
1998, 2001, and 2005, respectively. He joined the 
teaching staff of the Department of Electronics and 
Electrical Communications, Faculty of Electronic 
Engineering, Menoufia University, Menouf, Egypt, in 
2005. He is a co-author of about 100 papers in national 

and international conference proceedings and journals. He has received 
the most cited paper award from Digital Signal Processing journal for 
2008. His current research areas of interest include image 
enhancement, image restoration, image interpolation, super resolution 
reconstruction of images, data hiding, multimedia communications, 
medical image processing, optical signal processing, and digital 
communications. 
 

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
 
 
 
 
 
 
 
 
 
 
 
 

  

  



  

  

  

  

  

  )9(البحث رقم 

Puplished In: 
Wireless Pers Commun 
DOI 10.1007/s11277-012-0622-6 
 

Title 
Efficient Image Transmission with Multi-Carrier CDMA 
 
E. M. El-Bakary · E. S. Hassan · O. Zahran · 
S. A. El-Dolil · F. E. Abd El-Samie 
 
E. M. El-Bakary �  F. E. Abd El-Samie (B) �  E. S. Hassan �  O. Zahran �  S. A. El-Dolil 
Department of Electronics and Electrical Communications, Faculty of Electronic 
Engineering, 
Menoufia University, Menouf, 32952, Egypt 
e-mail: fathi_sayed@yahoo.com 
E. M. El-Bakary 
e-mail: eman_elbakary449@yahoo.com 
E. S. Hassan 
e-mail: eng_emadash@yahoo.com 
O. Zahran 
e-mail: osama_zahran@menofia.edu.eg 
S. A. El-Dolil 
e-mail: msel_dolil@yahoo.com 
 



Abstract : 
This paper presents a new approach for efficient image transmission overMulti- 
Carrier Code Division Multiple Access (MC-CDMA) systems using chaotic 
interleaving. The chaotic interleaving scheme based on Baker map is applied on 
the image data prior to transmission. The proposed approach transmits images 
over wireless channels, efficiently, without posing significant constraints on the 
wireless communication system bandwidth and noise. The performance of the 
proposed approach is further improved by applying Frequency- Domain 
Equalization (FDE) at the receiver. Two types of frequency-domain equalizers 
are considered and compared for performance evaluation of the proposed MC-
CDMA system; the Zero-Forcing equalizer and the Linear Minimum Mean 
Square Error (LMMSE) equalizer.Several experiments are carried out to test the 
performance of the image transmission with different sizes over the proposed 
MC-CDMA system. Simulation results show that image transmission over 
wireless channels using the proposed chaotic interleaving approach is much 
more immune to noise and fading. Moreover this chaotic interleaving process 
adds a degree of encryption to the transmitted data. The results also show a 
noticeable performance improvement in terms of the Root Mean Square Error 
and Peak Signal-to Noise Ratio values when applying FDE in the proposed 
approach, especially with the LMMSE equalizer. 
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Abstract: 
 Several studies have been carried out to minimize the multipath error effects in 
Global Positioning System (GPS) receiver. Most of these studies achieve an 
acceptable performance with medium and long relative delay multipaths. In this 
paper we propose a Modified Short Multipath Insensitive Code Loop 



Discriminator (MSMICLD) using an Early minus Late (E-L) envelope discriminator 
function. The proposed discriminator is insensitive to short 
multipaths that have a relative delay less than 0.5 chips. The MSMICLD is 
modeled using MATLAB and its performance is evaluated with and without 
multipaths for three different types of receivers; infinite pre-correlation (front-end) 
bandwidth (BW), 2 MHz pre-correlation BW, and 8 MHz pre-correlation BW. 
Moreover, the performance of the proposed MSMICLD is compared with the 
conventional SMICLD. Simulation results show that the MSMICLD has the ability 
to mitigate the short multipaths effect in the three cases. The obtained results 
also show that for in-phase multipaths, the performance of the proposed 
discriminator outperforms the conventional SMICLD with a lower computational 
load. 
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ABSTRACT: 
Present day applications require various kinds of images and pictures as sources 
of information for interpretation and analysis.This paper studies the efficient 
image transmission over Single Carrier Frequency Division Multiple Access (SC-
FDMA) system. In this paper, the performance of Discrete Fourier Transform 
(DFT) based SC-FDMA system and Discrete Cosine Transform (DCT) based 
SC-FDMA system is studied in order to select the proper technique for efficient 
image transmission. We also propose a chaotic interleaving scheme to be used 
with SC-FDMA for efficient image transmission. Simulation of both systems using 
Matlab program is presented, and the experimental results show that the DCT 
based SC-FDMA system achieves higher Peak Signal to Noise Ratio (PSNR) 
values in the received images than the DFT based SC-FDMA system due to its 
excellent spectral energy compaction property. Moreover, it uses only real 
arithmetics rather than the complex arithmetics used in the DFT based SC-FDMA 
system. Furthermore, the results show that the PSNR values are enhanced by 
the applying chaotic interleaving scheme in both systems. 
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 Abstract : 
This paper, evaluates the peak-to-average power ratio (PAPR) performance in a 
space-time block coded (STBC) multi-input multi-output orthogonal frequency-
division multiplexing (MIMO-OFDM) system using the selective mapping (SLM) 
approach. The investigated SLM scheme for MIMO-OFDM signals selects the 
transmitted sequence with lowest average PAPR over all transmitting antennas 



and retrieves the side information (SI) very accurately at the expense of a slight 
degradation (0.45 dB) of the PAR performance, compared to ordinary SLM 
approach. The results show that the detection probability of SI bits in the 
proposed approach improved due to the space time-frequency (STF) diversity 
effect according to the increase of the number of receiving antennas. Also, we 
provide closed form of the average BER performance in MIMO-OFDM system 
using analytic approach. 
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Abstract: 
This paper presents a continuous phase modulation (CPM) based single carrier 
frequency-domain equalization (CPM-SC-FDE) structure for broadband wireless 
communication systems. The proposed structure combines the advantages of 
the frequency diversity and low complexity of SC-FDE and the energy efficiency 
of CPM. Simulation results show that, the proposed CPM-SC-FDE structure 
provides a better performance than conventional SC-FDE and the CPM based 
orthogonal frequency division multiplexing (OFDM) systems, by exploiting the 
channel frequency diversity, efficiently. A properly chosen modulation index can 
achieve an efficient utilization of the multipath diversity, while maintaining high 
bandwidth efficiency. The performance analysis of the proposed structure is also 
presented in the paper. 
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Single carrier (SC), Continuous phase modulation (CPM), Frequency 
domain equalization (FDE), OFDM. 
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Abstract: 
In this paper, we present a new approach for peak to average power ratio 
(PAPR) reduction in orthogonal frequency division multiplexing (OFDM) signals. 
This approach is based on assigning powers to the different subcarriers of OFDM 
using an unequal power distribution strategy and then using the selective 
mapping (SLM) technique. The effect of the nonlinear power amplifier (PA) on 
the performance of the OFDM system is studied. Expressions are derived for the 
distributions of the PAPR in the cases of equal and unequal power distribution 
strategies. The amount of power saving resulting from using the SLM technique 
with the unequal power distribution strategy is estimated. 
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Abstract: 
Phase modulation based systems have the advantages of constant envelope 
(CE) signals and the ability to improve the diversity of multipath channels. In this 
paper, we study the performance of single-carrier (SC) and orthogonal 
frequency-division multiplexing (OFDM) systems using phase modulation (PM). 
Both systems are implemented with frequency domain equalization (FDE) to 
obtain high diversity gains over the frequency selective multipath fading 
channels. FDE performance using both zero forcing (ZF) and minimum mean 
square error (MMSE) is studied over a wide range of multipath fading channel 
models. Simulation results show that, the PM based systems performance with 
multipath fading can outperform their performance with single path fading. The 
performance over the multipath channels is at least 5 dB and 12 dB better than 
the performance over the single path channel, using PM based OFDM and SC-
FDE systems, respectively. The results also show that, when PM is utilized, SC-
FDE systems can outperform OFDM systems by about 5 dB. 
 

Index Terms: 
Frequency domain equalization (FDE), OFDM, Phase modulation (PM), 
Performance analysis. 
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Abstract: 
Continuous phase modulation (CPM) is an attractive scheme for wireless 
communications because of its constant envelope (CE) and its ability to improve 
the diversity of the multipath channel. In this paper we propose a new 
interleaving scheme for the CPM based orthogonal frequency·division 
multiplexing (CE·OFDM) system, namely chaotic interleaving. The proposed 
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system combines the key characteristics of CE·OFDM and the chaotic maps. 
Thus, this new system gets the advantages of power efficiency of CE·OFDM and 
the performance improvement of the chaotic interleaving. The proposed system 
comprises frequency domain equalization (FDE) to obtain high diversity gains 
over frequency selective multi path fading channels. The bit error rate 
(BER) performance of the CE·OFDM system with and without chaotic 
interleaving is evaluated by computer simulations. The simulation results show 
that, the CE·OFDM system based on the new interleaving scheme provides a 
better performance of about 2.3 dB improvements in SNR than the conventional 
CE·OFDM system. 

 

Index Terms: 
Continuous phase modulation (CPM), OFDM, Frequency domain 
equalization (FDE), Chaotic Maps, Perfor· mance analysis. 
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