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摘 要

本論文針對CDMA-OFDM訊號高峰對均值功率比(Peak-to-Average Power Ratio, PAPR)的問題，探討以壓伸(Companding)技

術降低其峰對均值功率比，並以模擬方式評估其效能，其中評估標準採用互補累積分佈函數(CCDF)為10-3。壓伸技術是由

在發射端使用壓縮器(Compressor)以壓縮訊號振幅動態範圍，達到降低峰對均值功率比目的，而在接收端則使用伸展

器(Expander)重建訊號振幅範圍所組成。本文考慮μ-law、線性對數(Linear Log)、片段線性(Piecewise Linear)及錯誤函

數(Error function)等四種壓縮轉換函數，評估其降低CDMA-OFDM系統峰對均值功率比的效能。 根據系統模擬，我們發現

當系統展頻因素為8、子載波數為128時，所考慮的四種壓縮轉換函數至少可降低峰對均值比3dB。當系統展頻因素為16、

子載波數為256時，所考慮的四種壓縮轉換函數至少可降低峰對均值比2.5dB。以位元錯誤率為10-3為標準時，這四種壓縮

轉換函數對能量效益造成的損失在1.2dB到2.2dB之間。相權峰對均值的降低與能量效益損失，在這四種壓縮法當中以片段

線性及錯誤函數兩法的整體效能較佳。

關鍵詞 : 峰對均值功率比、壓伸技術、互補累積分佈函數、壓縮器、伸展器

目錄

封面內頁 簽名頁 授權書．．．．．．．．．．．．．．．．．．．．．．．iii 中文摘要．．．．．．．．．．．．．．

．．．．．．．．iv 英文摘要．．．．．．．．．．．．．．．．．．．．．．v 誌謝．．．．．．．．．．．．．．．

．．．．．．．．．vi 目錄．．．．．．．．．．．．．．．．．．．．．．．．vii 圖目錄．．．．．．．．．．．．．

．．．．．．．．．．ix 表目錄．．．．．．．．．．．．．．．．．．．．．．．xi 第一章 緒論．．．．．．．．．．

．．．．．．．．．．．1 第二章 CDMA-OFDM系統及效能．．．．．．．．．．．4 2.1 DS-CDMA原理．．．．．．

．．．．．．．．4 2.2 OFDM原理 ．．．．．．．．．．．．．．．9 2.2.1 串/並傳輸與IDFT/DFT轉換．．．．．．10

2.2.2 正交性及保護區間．．．．．．．．．．14 2.3 CDMA-OFDM系統．．．．．．．．．．．17 2.3.1 CDMA-OFDM

系統發射模型．．．．．17 2.3.2 CDMA-OFDM系統接收模型．．．．．20 2.3.3 CDMA-OFDM系統效能．．．．．．

．22 2.4 CDMA-OFDM系統主要缺點．．．．．．．26 第三章 降低峰對均值功率比技術．．．．．．．．．．．28 3.1 

高峰對均值功率比造成的問題．．．．．．．28 3.2峰對均值功率比定義．．．．．．．．．．．29 3.3 峰對均值功率比之

機率統計CCDF ．．．．．30 3.4 降低峰對均值功率比技術與優缺點 ．．．．．32 3.4.1 削減法．．．．．．．．．．．

．．．．33 3.4.2 編碼法．．．．．．．．．．．．．．．34 3.4.3 部分序列傳輸法．．．．．．．．．．．36 3.4.4 選擇

映射法．．．．．．．．．．．．．39 第四章 壓伸技術對於降低CDMA-OFDM的峰對均值效能模擬．41 4.1

CDMA-OFDM系統訊號之振幅統計分佈．．41 4.2 訊號壓伸．．．．．．．．．．．．．．． 44 4.2.1 壓縮轉換函數．．

．．．．．．．．．．46 4.3 壓縮後訊號的平均振幅．．．．．．．．．．52 4.4 雜訊的影響．．．．．．．．．．．．

．．．56 4.5 系統模擬架構與系統參數．．．．．．．．．57 4.6 不同子載波數下之CCDF模擬．．．．．．．59 4.7 使用

壓縮轉換函數之CCDF模擬．．．．．．60 4.8 壓縮轉換函數能量效益模擬．．．．．．．．．64 第五章 結論．．．．．

．．．．．．．．．．．．．．．68 參考文獻．．．．．．．．．．．．．．．．．．．．．．．70

參考文獻

[1] Vijay k. Gary, IS-95 CDMA and cdma2000, Prenitice-Hall, Ch4, Ch5, 2000.�

[2] G. L. Turin, “Introduction to spread-sprecturm antimultipath techniques and their application to urbran Digital radio,” Proc. IEEE. vol. 68,

no. 3, pp. 328-353, Mar. 1980.�

[3] R. W. Chang and R. A. Gibby, “A theoretical study of Performance of an Orthogonal Multiplexing Data Transmission Scheme,” IEEE

Trans. Communication, vol. 16, no. 4, pp. 529-540, Aug. 1968.�

[4] S. Hikmet, K. Georges and J. Jsabelle, “Transmission techniques for digital terrestrial TV broadcasting,” IEEE Communication Magazine,

pp. 100-109, Feb. 1995.�

[5] M. Kavehrad and P. J. McLane, “Performance of low Processing Gain DS/CDMA Systems with Random Spreading Sequences,” IEEE

Communication Letter, vol. 2, no. 12, pp. 315-317, Dec. 1998.�

[6] 李金椿,藍得誌,楊嘉豪,“DS-CDMA結合OFDM之效能模擬,” 彰雲嘉大學校院聯盟學 術研討會, 2005 [7] R. Van Nee and R. Prasad,



OFDM for Wireless Multimedia Communications, Artech House, Ch2, Ch3, 2000.�

[8] R. O’Neill and L. B. Lopes, “Envelope Variat and Spectral Splatter in Clipped Multicarrier Signals,” Proc. IEEE PIMRC’95. Toronto,

Canada, pp.71-75, Sept. 1995.�

[9] Tao Jiang and Guangxi Zhu, “Complement Block Coding for Reduction in Peak-to-Average Power Ratio of OFDM Signals,” IEEE Radio

Communications, pp. 17-22, Spet. 2005.�

[10] Yunjun Zhang, Abbas Yongacoglu, Jean-Yves Chouinard and Liaug Zhang, “OFDM Peak Power Reduction By Sub-Block Coding and It

’s Extended Versions,” Vehicular Technology Conference IEEE 49th, vol.1, pp. 695-699, May 1999.�

[11] Seog Geun kang, Jeong Goo Kim and Eon Kyeong Joo, “A Novel Subblock Partition Scheme for Partial Transformit Sequence OFDM,”

IEEE Transactions on Bradcasting, vol. 45, no. 3, pp. 333- 338, Sept. 1999.�

[12] Leonard J, Cimino and Nelson R.Sollenberger, “Peak-to-Average Power Ratio Reduction of an OFDM Signal Using Partial Transmit

Sequence,” IEEE Communication Letters, vol. 4, no. 3, pp. 511- 515, March 2000.�

[13] Asma Latif and N. D. Gohar, “Reduction Peak-to-Average Power Ratio Using Partial Transmit Sequence in OFDM Systems,” Multi Topic

Conference, pp. 126-130, Dec. 2003.�

[14] R. W. Bami, R. F. H. Fischer and J. B. Hber, “Reducing the peak- to-average power ratio of multicarrier modulation by selective mapping,

” IEEE Electronics Letters, vol. 32, pp. 2056-2057, Oct. 1996.�

[15] S. H. Han and J. H. Lee, “Modified selected mapping technique for papr reduction of coded ofdm signal,” IEEE Transactions Broadcast.,

vol. 50, pp. 335-341, Sep. 2004.�

[16] Zhihua Zhang, Yucheng Wu and Jianhui Hou, “An Improved Scheme of Reducing Peak-to-Average Power Ratio in OFDM Systems,”

IEEE 6th CAS Symp. on Emerging Technologies, May 2004.�

[17] Xiao Huang, Jianhua Lu, Junli Zheng, J. Chuang and Jun Gu, “Reduction of peak-to-average power ratio of OFDM signals with

Companding transform,” IEEE Electronics Letters 12th, vol. 37, no. 8, pp. 506-507, April 2001.�

[18] Tao Jiang, Yang Yang and Yong-Hua Song, “Exponential Companding Technique for PAPR Reduction in OFDM Systems,” IEEE

Transactions on Bradcasting, vol. 51, no. 2, pp. 244-248, June 2005.�

[19] Tao Jiang and Guangxi Zhu, “Nonlinear Companding Transform for Reducing Peak-to-Average Power Ratio of OFDM Signals,” IEEE

Transactions on Broadcasting, vol. 50, no. 3, Sept. 2004.�

[20] Yuanbin Guo and Joseph R. Carallaro, “Reducing Peak-to-Average Power Ratio in OFDM Systems by Adaptive Dynamic Range

Companding,” Dept. of Electrical and Computer Engineering by NOKIA Corporation, 2003.�

[21] Kamil Sh. Zigangirov, Theory of Code division multiple access Communication, Wiley, Ch 2, Ch 3, 2004.�

[22] Lee W.C Y., “Overview of cellular CDMA,” IEEE Transactions, vol. 40, Issue 2, pp. 291-302, May 1991.�

[23] L. Hanzo, L-L. Yang, E-L. Kuan and K. Yen, OFDM and MC-CDMA for Broadband Multi-User Communication, Wiley & Sons, Ch 9,

2003.�

[24] S. B. Weinstein and P. M. Ebert, “Data Transmission by Frequency-Division Multiplexing Using the Discrete Fourier Transmission,” IEEE

Transactions Communication, vol. 19, no. 5, pp. 628-634, Oct. 1971.�

[25] A. Pandharipande, “Principles of OFDM,” Potentials. IEEE, vol. 21, Issue 2, pp.16-19, Apr. 2002.�

[26] Simon Haykin, Communication Systems, Wiley & Sons, Ch 3, Ch 4, 2000.


