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ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʠ 

ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʩʦʪʦʚʦʡ ʩʚʷʟʠ 4G, 5G ʧʦʢʦʣʝʥʠʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʳʜʝʣʝʥʥʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ ʧʦ ʙʝʩʧʨʦʚʦʜʥʳʤ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʢʘʥʘʣʘʤ ʚ ʘʨʝʘʣʝ ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʜʣʷ ʩʢʦʨʦʩʪʝʡ 

ʜʚʠʞʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʪ 5é25 ʢʤ/ʯ (ʧʝʰʢʦʤ, ʥʘ ʚʝʣʦʩʠʧʝʜʝ ʠʣʠ 

ʩʘʤʦʢʘʪʝ) ʜʦ 350é500 ʢʤ/ʯ (ʩʢʦʨʦʩʪʥʦʡ ʪʨʘʥʩʧʦʨʪ) [1].  

ɺʦʟʨʦʩʰʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʸʤʫ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʟʘʪʨʘʛʠʚʘʶʪ ʠ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʙʝʟ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʘ ʢʘʯʝʩʪʚʝʥʥʘʷ 

ʨʘʙʦʪʘ ʩʠʩʪʝʤ ʩʚʷʟʠ. ʋʨʙʘʥʠʟʘʮʠʷ, ʨʦʩʪ ʵʪʘʞʥʦʩʪʠ ʛʦʨʦʜʩʢʠʭ ʧʦʩʪʨʦʝʢ, ʢʨʘʪʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʤʦʙʠʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʤʘʩʩʦʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩʪʘʚʠʪ ʚʦʧʨʦʩʳ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʠ 

ʚʭʦʞʜʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʤ ʠ ʙʳʩʪʨʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʝʸ ʧʦʪʝʨʝ ʢʘʢ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʝ ʜʣʷ ʫʩʣʦʚʠʡ ʧʣʦʪʥʦʡ 

ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (Ñ 0.5 ï Ñ 32 ʤʢʩ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫ 

ʦʧʝʨʘʪʦʨʦʚ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʧʨʦʪʦʢʦʣʦʤ PTP (Precision Time Protocol) ʚ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʷʭ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʩʪʘʥʜʘʨʪʝ IEEE1588. ʉʢʦʨʦʩʪʴ ʚʭʦʞʜʝʥʠʷ ʚ 

ʩʠʥʭʨʦʥʠʟʤ ʟʘʚʠʩʠʪ ʠ ʦʪ ʧʨʦʪʦʢʦʣʘ ʠ ʘʣʛʦʨʠʪʤʦʚ ʩʚʷʟʠ, ʠ ʦʪ ʘʧʧʘʨʘʪʥʦʡ ʠ 

ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ OFDM (Orthogonal frequency-division 

multiplexing ï ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʯʘʩʪʦʪʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ ʩ 
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ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝʤ) ʠ ʢʦʤʙʠʥʘʮʠʠ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʜʨʫʛʠʤʠ ʧʝʨʝʜʦʚʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ ʨʝʰʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ.  

ʇʨʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʝ ʚʩʝʛʜʘ 

ʫʯʠʪʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʠ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ 

ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʩʠʛʥʘʣʦʚ OFDM ʪʝʭʥʦʣʦʛʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʭʦʨʦʰʠʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʠ ʩʣʫʞʝʙʥʳʭ ʩʠʤʚʦʣʦʚ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʩʚʷʟʠ 4G 

ʧʦʢʦʣʝʥʠʷ, ʪʘʢʠʭ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ LTE (The UMTS Long Term Evolution ï 

ʇʨʦʜʦʣʞʝʥʠʝ ʨʘʟʚʠʪʠʷ UMTS [1]), LTE Advanced ï ʇʨʦʜʚʠʥʫʪʳʡ ʚʘʨʠʘʥʪ LTE) 

ʧʦʢʘʟʘʣʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʕʪʦ 

ʧʦʩʣʫʞʠʣʦ ʚʘʞʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʩ 

ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ, ʪʘʢʠʤʠ, ʢʘʢ ʩʠʛʥʘʣʳ OFDM 

ʪʝʭʥʦʣʦʛʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ 

ʧʦʣʦʞʝʥʠʶ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʠʭ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ (ʜʘʣʝʝ ï ɸʂʌ) 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʝʬʠʢʩʘ (ʜʘʣʝʝ ï ʎʇ) OFDM ʩʠʤʚʦʣʦʚ. 

ʉʪʝʧʝʥʴ ʥʘʫʯʥʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ï ʵʪʦ ʤʝʪʦʜʳ ʥʘʯʘʣʴʥʦʡ 

ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠ ʤʥʦʛʦʵʪʘʧʥʳʭ ʪʠʧʘʭ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʪʝʭʥʠʢʝ 

ʩʚʷʟʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʦ ʢʘʢʦʛʦ-ʣʠʙʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʠʣʠ 

ʦʪʜʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʧʠʢʫ ʢʦʨʨʝʣʷʮʠʠ ʠʟʚʝʩʪʥʦʡ ʥʘ ʧʨʠʝʤʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʠʛʥʘʣʦʚ ʩ ʧʨʠʥʷʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʣʝ ʚʨʝʤʝʥʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʘʷ ʯʘʩʪʦʪʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ. ʐʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ (ʜʘʣʝʝ 

ï ʉʉ) ʧʦʣʫʯʠʣʠ, ʥʘʯʠʥʘʷ ʩ  ʢʦʥʮʘ ʧʨʦʰʣʦʛʦ ʚʝʢʘ (1999 ʛʦʜ), ʚ ʪʝʭʥʦʣʦʛʠʷʭ 

WiMAX  (Worldwide interoperability for Microwave Access, IEEE 802.16 standard) 

[2], WLAN (Wireless Local Area Networks ï ʙʝʩʧʨʦʚʦʜʥʳʝ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ) [3], 

LTE, Starlink [4], ʚ ʢʦʪʦʨʳʭ ʧʦʣʦʞʝʥʠʝ ʥʘʯʘʣʘ ʧʨʠʥʷʪʦʛʦ ʢʘʜʨʘ ʠʣʠ ʧʘʢʝʪʘ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʠʢʘ ɸʂʌ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʩʠʤʚʦʣʦʚ (WLAN), 
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ʠʥʪʝʨʚʘʣʦʚ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ (Starlink), ʠʥʪʝʨʚʘʣʦʚ ʧʨʝʘʤʙʫʣʳ ʧʘʢʝʪʘ (WiMAX) 

ʠʣʠ  ʚʟʘʠʤʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ (ʜʘʣʝʝ ï ɺʂʌ)  ʧʨʠʥʠʤʘʝʤʳʭ ʠ ʵʪʘʣʦʥʥʳʭ 

ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ (LTE). 

ʐʠʨʦʢʦ ʠ ʚʩʝʩʪʦʨʦʥʥʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʧʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʡ ʩʠʩʪʝʤ ʩʚʷʟʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʟʣʦʞʝʥʳ ʚ ʨʷʜʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʙʥʳʭ ʠ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ [5 ï 27]:   

ï ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʉ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʠʭ ʤʝʪʦʜʦʚ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ï ʚ ʪʨʫʜʘʭ ʐʠʥʘʢʦʚʘ ʖ. ʉ. [5], ɼʝʘʨʪʘ ɺ. ʖ. [6, 12], ɺʠʪʷʟʝʚʘ ɺ. 

ɺ. [14] ʠ ʜʨ. 

ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ OFDMA ï ʚ ʪʨʫʜʘʭ  

ʂʨʝʡʥʜʝʣʠʥʘ ɺ. ɹ. [15], ʐʣʦʤ rɸ. ʄ. [15], ɻʝʣʴʛʦʨʘ ɸ. ʃ. [16], ʇʦʧʦʚʘ ɽ. ɸ. [16].   

ï ʉʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʉʉ, ʚ ʪʦʤ ʯʠʩʣʝ LTE, WiMAX, 

DVB-T2 (terrestrial digital video broadcasting ï ʥʘʟʝʤʥʦʝ ʮʠʬʨʦʚʦʝ ʪʝʣʝʚʠʜʝʥʠʝ) ʚ 

ʪʨʫʜʘʭ ɾʫʨʘʚʣʝʚʘ ɺ. ʀ. [17], ɻʝʣʴʛʦʨʘ ɸ. ʃ. [18], ʂʘʣʘʰʥʠʢʦʚʘ ʂ. ʉ. [19,20], 

ʐʘʭʪʘʨʠʥʘ ɹ.ʀ. ]19, 21], ʠ ʜʨ., ʧʨʠʯʝʤ ʚ ʢʥʠʛʝ ɾʫʨʘʚʣʝʚʘ ɺ. ʀ. [17] ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʵʪʘʧʥʳʭ ʩʠʩʪʝʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʚʭʦʞʜʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʤ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʨʘʬʘ 

ʩʦʩʪʦʷʥʠʡ ʠ ʧʝʨʝʭʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʩʪʦʛʦ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ. ɺ ʩʪʘʪʴʝ 

ɻʝʣʴʛʦʨʘ ɸ. ʃ. [18] ʧʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ 

ʬʫʥʢʮʠʷʤ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʢʘʜʨʘ ʪʝʭʥʦʣʦʛʠʠ LTE. 

ï ʇʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʩʠʥʭʨʦʥʠʟʘʮʠʡ CAZAC (Constant Amplitude Zero 

AutoCorrelation ï ʤʥʦʛʦʬʘʟʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩ ʥʫʣʝʚʦʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʝʡ), 

 ὓ -ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ï ʚ ʪʨʫʜʘʭ ʐʠʥʘʢʦʚʘ ʖ.ʉ. [22], ʈʶʤʰʠʥʘ ʂ.ʖ. [23, 24], 

ɹʳʢʦʚʘ ɺ.ɺ. [25], ʂʨʝʥʛʝʣʷ ɽ.ʀ. [26, 27], ʂʘʟʘʯʢʦʚʘ ɺ.ʆ. [28] ʠ ʜʨ., ʧʨʠʯʝʤ ʚ 

ʩʪʘʪʴʝ ɹʳʢʦʚʘ ɺ.ɺ. [25] ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ ɸʂʌ ʎʇ 

ʩʠʤʚʦʣʦʚ OFDM ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʟʘʱʠʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (ʎʇ)  ὓ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚ ʩʠʩʪʝʤʝ DVB-T2.  

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʢ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʢʦʨʨʝʣʷʮʠʦʥʥʦʤʫ ʤʝʪʦʜʫ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʤʝʪʦʜʘʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʉʉ 
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[4, 15 ï 17, 19, 25, 28 ï 48], ʛʜʝ ʘʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʧʨʠʤʝʨʳ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ  ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ɿʘʜʦʚʘ ï ʏʫ [4, 16, 25, 33, 47], ʦʧʠʩʳʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [23, 35, 36, 38, 41, 42], ʧʨʦʚʦʜʷʪ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʯʘʩʪʦʪʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʷʭ [19, 21, 37, 49 ï 52], ʘ ʪʘʢʞʝ 

ʩʪʨʫʢʪʫʨʫ ʠ ʘʣʛʦʨʠʪʤʳ ʤʥʦʛʦʵʪʘʧʥʦʡ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ LTE ʪʝʭʥʦʣʦʛʠʠ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ  ʧʦ ʛʨʘʥʠʮʘʤ OFDM 

ʩʠʤʚʦʣʦʚ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʩʚʷʟʠ  LTE [1, 16, 53], WiMAX [2], WLAN [3], DVB -T2 

[54], 5GNR (New Radio ï ʅʦʚʦʝ ʈʘʜʠʦ) [55], ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤ ʩʚʷʟʠ (ʅʆʉʉʉ), ʩʪʘʥʜʘʨʪʘ Starlink [4, 56] ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ  

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʢʨʘʪʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʤʦʙʠʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ.  

ʇʨʦʙʣʝʤʥʘʷ ʩʠʪʫʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ OFDM ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʠ ʚʦʟʨʦʩʰʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʦʙʲʸʤʫ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʝʪʦʜʦʚ ʩʦʢʨʘʱʝʥʠʷ 

ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʟʘʪʨʘʪ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠ 

ʩʪʘʥʜʘʨʪʘ LTE ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʩʠʤʚʦʣʴʥʦʡ ʠ ʢʘʜʨʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. 

ʅʘʫʯʥʘʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩʠʤʚʦʣʦʚ OFDM ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʩʪʘʥʜʘʨʪʘ LTE, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʩʠʤʚʦʣʴʥʦʡ ʠ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʙʘʟʦʚʦʡ 

ʩʪʘʥʮʠʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚ ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ. 

ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʝʸ ʜʝʢʦʤʧʦʟʠʮʠʷ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ: 

1 ɸʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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2 ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʘʜʨʘ OFDM 

ʩʪʘʥʜʘʨʪʘ LTE ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. 

3 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʠ ʘʣʛʦʨʠʪʤʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ ʩʠʤʚʦʣʦʚ 

OFDM ʩʪʘʥʜʘʨʪʘ LTE. 

4 ʆʮʝʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʘʜʨʘ ʩʪʘʥʜʘʨʪʘ LTE.  

5 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩʪʘʥʜʘʨʪʘ 

LTE. ʄʝʪʦʜʠʢʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʠ ʘʣʛʦʨʠʪʤʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʮʠʢʣʠʯʝʩʢʠʭ ʠʥʪʝʨʚʘʣʦʚ ʩʠʤʚʦʣʦʚ ʪʝʭʥʦʣʦʛʠʠ OFDM.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʧʦʩʦʙʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʤʝʪʦʜ r

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʠ, ʪʝʦʨʠʠ ʩʚʷʟʠ, ʪʝʦʨʠʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʤʝʪʦʜʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. 

1 ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʜʦʢʘʟʘʥʳ ʫʪʚʝʨʞʜʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʭʦʨʦʰʠʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʤʘʢʩʠʤʫʤʫ 

ʟʥʘʯʝʥʠʷ ʤʝʨʠʪ-ʬʘʢʪʦʨʘ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ɸʂʌ ʜʣʷ ʇʉʇ,  ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ὅὃὤὃὅ. 

2 ɼʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ 

ʩ OFDM ʧʦ ʧʠʢʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʚ ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ ʜʦ 2,6 ʨʘʟʘ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʤʦʜʠʬʠʢʘʮʠʠ ʎʇ: 

- ʧʫʪʸʤ ʟʘʧʦʣʥʝʥʠʷ ʎʇ ʠ ʢʦʥʮʘ "ʧʫʩʪʳʭ" ʩʠʤʚʦʣʦʚ OFDM "ʦʢʥʘ" 

ʧʨʠʸʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʢʘʜʨʘ LTE ʪʝʭʥʦʣʦʛʠʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʙʝʟ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ; 

- ʧʫʪʸʤ ʟʘʧʦʣʥʝʥʠʷ ʎʇ ʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ OFDM "ʦʢʥʘ" ʧʨʠʸʤʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʢʘʜʨʘ LTE ʪʝʭʥʦʣʦʛʠʠ ʩʫʤʤʦʡ ʜʘʥʥʳʭ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʜʘʥʥʳʭ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʥʘ ʧʨʠʸʤʥʦʡ ʩʪʦʨʦʥʝ. 
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3 ʋʤʝʥʴʰʝʥʠʝ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ ʥʘ 

ʛʨʘʥʠʮʘʭ ʩʠʤʚʦʣʦʚ ʜʦ 88% ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʘʟʦʚʳʤ ʚʘʨʠʘʥʪʦʤ ʟʘʧʦʣʥʝʥʠʷ ʎʇ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʦʚ ʧʨʦʬʠʣʝʡ ʟʘʜʝʨʞʝʢ ʢʘʥʘʣʘ ETU, EVA, EPA.  

4 ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʠ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ "ʦʢʥʘ" ʧʨʠʸʤʘ ʚ 

ʧʨʝʜʝʣʘʭ ʜʦ Ñ2 ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʎʇ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ ʩʠʤʚʦʣʦʚ OFDM ʩʪʘʥʜʘʨʪʘ LTE ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʚʭʦʞʜʝʥʠʷ ʚ ʩʝʘʥʩ ʩʚʷʟʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʪʘʥʜʘʨʪʘ LTE ʧʫʪʸʤ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ 

ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ, ʢʘʢ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʘʢ ʠ ʧʨʠ 

ʧʦʪʝʨʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʚʷʟʠ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ (ʜʘʣʝʝ ï ɹʉ) ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʠʤʝʶʱʝʤʩʷ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩʠʩʪʝʤ 

ʩʚʷʟʠ ʩʪʘʥʜʘʨʪʘ LTE ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠʟʤʝʥʝʥʠʷʭ, ʤʝʪʦʜʠʢʘʭ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠ 

ʘʣʛʦʨʠʪʤʦʚ, ʘ ʪʘʢʞʝ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʤʚʦʣʦʚ OFDM ʢʘʜʨʘ ʩʪʘʥʜʘʨʪʘ 

LTE ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʙʘʟʦʚʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʜʚʦʠʯʥʳʤʠ 

ʜʘʥʥʳʤʠ ʎʇ ʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ OFDM ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ 

ʩʪʘʥʜʘʨʪʘ LTE, ʫʯʠʪʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇ ʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ 

OFDM ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ CAZAC ʪʦʡ ʞʝ ʜʣʠʥʳ, ʣʠʙʦ ʠʭ ʩʫʤʤʦʡ ʩ 

ʜʚʦʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ OFDM, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ ɸʂʌ ʎʇ. 

2 ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ ʩʠʤʚʦʣʦʚ OFDM 

ʩʪʘʥʜʘʨʪʘ LTE ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʣʷ ʚʘʨʠʘʥʪʘ ʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʚ 1,5 ʨʘʟʘ, ʙʝʟ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
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ʠʥʬʦʨʤʘʮʠʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʥʘ ʧʨʠʸʤʥʦʡ ʩʪʦʨʦʥʝ ʚ 2,6 ʨʘʟʘ ʚ ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʬʠʣʷʤʠ ʟʘʜʝʨʞʝʢ ʧʨʠ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ. 

3 ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʧʦ ʛʨʘʥʠʮʘʤ 

OFDM ʩʠʤʚʦʣʦʚ ʠ ʧʦ ʥʘʯʘʣʫ ʧʦʣʫʢʘʜʨʘ LTE ʩ ʪʦʯʥʦʩʪʴʶ Ñ2 ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʘ, 

ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ ʩʠʤʚʦʣʦʚ OFDM ʚ ρͯπ ʨʘʟ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʚʘʨʠʘʥʪʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ OFDM ʠ ʚʘʨʠʘʥʪʦʤ 

ʧʨʦʪʦʪʠʧʘ.  

4 ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ OFDM ʧʫʪʝʤ 

ʟʘʧʦʣʥʝʥʠʷ ʠʭ ʢʦʥʝʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʵʣʝʤʝʥʪʘʤʠ CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠ ʙʝʟ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʘ, ʘ ʪʘʢʞʝ 

ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ "ʦʢʥʘ" ʧʨʠʸʤʘ ʠ ʨʘʩʯʸʪʘ ʧʦʨʦʛʦʚʳʭ ʚʝʣʠʯʠʥ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʘʜʘʧʪʘʮʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ:  

- IV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʪʨʘʩʣʝʚʘʷ ʥʘʫʯʥʦ ï ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʊʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ" 18 ï 19 ʤʘʨʪʘ 2020ʛ., ʛ. ʄʦʩʢʚʘ, 

- XIV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ ï ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʈʘʜʠʦʣʦʢʘʮʠʷ ʠ 

ʨʘʜʠʦʩʚʷʟʴ" 23 ï 25 ʥʦʷʙʨʷ 2020 ʛ., ʛ. ʄʦʩʢʚʘ, 

- XV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʪʨʘʩʣʝʚʘʷ ʥʘʫʯʥʦ ï ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʊʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ" 3 ï 4 ʤʘʨʪʘ 2021ʛ., ʛ. ʄʦʩʢʚʘ, 

- XXIV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʠ ʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ð DSPA-2022" 30 ʤʘʨʪʘ ï 1 ʘʧʨʝʣʷ 2022ʛ., ʛ. ʄʦʩʢʚʘ, 

- IEEE Conference ˉ 56737 "2023 Systems of signals generating and 

processing in the field of onboard communications" 14 ï 16 March, Moscow. 

ʇʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ.   

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚʦʩʝʤʴ ʨʘʙʦʪ. ʀʟ ʥʠʭ 5 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ, 3 ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʉʙʦʨʥʠʢʘʭ 

ʪʨʫʜʦʚ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʦʪʨʘʩʣʝʚʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ. ʇʦʣʫʯʝʥʦ 

2 ʧʘʪʝʥʪʘ ʠ 1 ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ.  
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. 

ɺʩʝ ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩʦʠʩʢʘʪʝʣʝʤ 

ʣʠʯʥʦ. ʀʟ ʨʘʙʦʪ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʜʠʩʩʝʨʪʘʮʠʶ ʚʢʣʶʯʝʥʘ ʪʦʣʴʢʦ 

ʪʘ ʠʭ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʝʥʘ ʣʠʯʥʦ ʩʦʠʩʢʘʪʝʣʝʤ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ.  

ʇʨʦʚʝʜʸʥʥʦʝ ʘʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 2 "ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʩʝʪʝʡ, ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ" 

ʧʘʩʧʦʨʪʘ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.2.15 "ʉʠʩʪʝʤʳ, ʩʝʪʠ ʠ ʫʩʪʨʦʡʩʪʚʘ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ".  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʸʭ ʨʘʟʜʝʣʦʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ h ʝʩʪʠ ʧʨʠʣʦʞʝʥʠʡ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʘ ʥʘ 162-ʭ ʩʪʨʘʥʠʮʘʭ ʪʝʢʩʪʘ, ʠ ʚʢʣʶʯʘʝʪ ʚ ʪʦʤ ʯʠʩʣʝ 37 

ʠʣʣʶʩʪʨʘʮʠʡ, 10 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʥʘʩʯʠʪʳʚʘʝʪ 93 ʥʘʠʤʝʥʦʚʘʥʠ.̫ 

ʇʨʠʣʦʞʝʥʠʷ ʠʟʣʦʞʝʥʳ ʥʘ 20 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʶʱʠʭ 8 

ʠʣʣʶʩʪʨʘʮʠʡ ʠ 2 ʪʘʙʣʠʮ.r 
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1 ɸʅɸʃʀɿ ʂʆʈʈɽʃʗʎʀʆʅʅʓʍ ʄɽʊʆɼʆɺ ʉʀʅʍʈʆʅʀɿɸʎʀʀ 

ʉʀʄɺʆʃʆɺ OFDM ʊɽʍʅʆʃʆɻʀʀ 

 

 

 

ʄʝʪʦʜʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʚʨʝʤʝʥʥʳʝ ʠ ʯʘʩʪʦʪʥʳʝ. ɺ ʩʣʦʞʥʳʭ ʩʝʪʝʚʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʬʦʨʤʠʨʫʶʪʩʷ ʜʚʫʭ- 

ʪʨʝʭʵʪʘʧʥʳʝ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʠ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʷʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʫʯʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʣʠ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ. ʕʪʘʧʳ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʚʢʣʶʯʘʶʪ:  

ï ʪʘʢʪʦʚʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ï ʧʦ ʚʨʝʤʝʥʥʳʤ ʦʪʩʯʝʪʘʤ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʩʠʛʥʘʣʦʚ [7]; ʪʘʢʪʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʰʝʩʪʚʫʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʷ 

ʧʦ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ (ʜʘʣʝʝ ï ɻʉ); 

ï ʩʠʤʚʦʣʴʥʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ï ʧʦ ʛʨʘʥʠʮʘʤ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʩʠʛʥʘʣʦʚ (ʜʘʣʝʝ ï ʕʉ) ʩʠʤʚʦʣʦʚ, ʣʠʙʦ ʢʦʜʦʚʳʭ ʛʨʫʧʧ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ 

ʟʥʘʯʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ; 

ï ʮʠʢʣʦʚʫʶ/ʩʚʝʨʭʮʠʢʣʦʚʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ï ʧʦ ʛʨʘʥʠʮʘʤ ʧʦʣʦʞʝʥʠʷ 

ʩʠʥʭʨʦʛʨʫʧʧ ʚ ɻʉ;  

ï ʢʘʜʨʦʚʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ï ʧʦ ʛʨʘʥʠʮʘʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʢʘʜʨʦʚ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʬʦʨʤʘʪʘ ʜʣʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ [7]. 

ʉ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʦʡ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʫʩʣʦʞʥʝʥʠʝʤ ʉʉ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʩʠʩʪʝʤʳ ʩ ʛʨʫʙʦʡ ʚʨʝʤʝʥʥʦʡ ʠ ʪʦʯʥʦʡ ʯʘʩʪʦʪʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ OFDM 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ ʧʝʨʝʜʘʚʘʝʤʳʭ ʢʘʜʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ 

(ʧʠʢʘʤ) ɸʂʌ ʮʠʢʣʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠʥʪʝʨʚʘʣʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ OFDM. 
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ɼʘʣʝʝ ʚ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʩʠʤʚʦʣʴʥʦʡ ʠ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ɻʉ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ OFDM 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʚʭʦʞʜʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʤ. 

 

 

 

1.1 ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ OFDM ʪʝʭʥʦʣʦʛʠʠ 

 

 

 

OFDM ʪʝʭʥʦʣʦʛʠʷ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʩʪʝʤʘʭ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. ʉʠʩʪʝʤʘ ʤʦʜʫʣʷʮʠʠ OFDM ʠʩʧʦʣʴʟʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʧʦʜʥʝʩʫʱʠʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʦʪʦʢ ʜʘʥʥʳʭ 

ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʙʠʪʦʚʳʭ ʧʦʪʦʢʦʚ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ, 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʂʘʞʜʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ ʤʦʜʫʣʠʨʫʝʪʩʷ ʩʚʦʝʡ 

ʧʦʜʥʝʩʫʱʝʡ. ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ OFDM ʚ ʪʦʤ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʟʘʜʝʨʞʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʯʝʤ ʚ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʭʝʤʘʭ ʤʦʜʫʣʷʮʠʠ. ʕʪʦ ʜʝʣʘʝʪ OFDM ʛʦʨʘʟʜʦ ʫʩʪʦʡʯʠʚʝʝ ʢ 

ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ (Intersymbol interference, ʜʘʣʝʝ ï ISI). 

ʆʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʧʦʜʥʝʩʫʱʠʭ  ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ 

ʩʧʝʢʪʨʘ ʢʘʞʜʦʡ ʧʦʜʥʝʩʫʱʝʡ ʩʦʚʧʘʜʘʝʪ ʩ ʥʫʣʝʚʳʤ ʟʥʘʯʝʥʠʝʤ ʯʘʩʪʦʪ ʩʧʝʢʪʨʦʚ 

ʜʨʫʛʠʭ ʧʦʜʥʝʩʫʱʠʭ. ʂʘʞʜʘʷ ʧʦʜʥʝʩʫʱʘʷ ʠʤʝʝʪ ʮʝʣʦʝ ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʥʘ 

ʠʥʪʝʨʚʘʣʝ Ὕ   ʠ ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʦʜʥʝʩʫʱʠʤʠ ʦʪʣʠʯʘʝʪʩʷ 

ʪʦʯʥʦ ʥʘ ʦʜʠʥ [15]. ʉʚʦʡʩʪʚʦ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʧʦʜʥʝʩʫʱʠʭ ʥʝ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʟʘʱʠʪʥʦʛʦ ʠʥʪʝʨʚʘʣ [19], ʚ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʘʝʪʩʷ 

ʎʇ, ʬʦʨʤʠʨʫʝʤʳʡ ʧʝʨʝʥʝʩʝʥʠʝʤ ʜʘʥʥʳʭ ʢʦʥʮʘ ʩʠʤʚʦʣʘ ʥʘ ʠʥʪʝʨʚʘʣʝ Ὕ   ï 

ʥʦʨʤʘʣʴʥʳʡ ʎʇ, ʣʠʙʦ Ὕ  ï ʨʘʩʰʠʨʝʥʥʳʡ ʎʇ [1]. ʅʘ ʨʠʩʫʥʢʝ 1.1 [1] 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ OFDM ʩʠʤʚʦʣʦʚ ʩ ʜʝʤʦʥʩʪʨʘʮʠʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇ ʢʘʢ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʝʨʝʜ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʴʶ 

ʩʠʤʚʦʣʘ, ʢʦʪʦʨʳʡ ʟʘʧʦʣʥʷʝʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʮʘ ʩʠʤʚʦʣʘ. 
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ʈʠʩʫʥʦʢ 1.1 ï ʇʨʦʮʝʩʩ ʧʝʨʝʟʘʧʠʩʠ ʜʘʥʥʳʭ ʢʦʥʮʘ OFDM ï ʩʠʤʚʦʣʘ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʠʥʪʝʨʚʘʣ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʝʬʠʢʩʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʦʚ LTE ʢʘʜʨʘ. 

Ὕ   ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʯʘʩʪʴ OFDM ʩʠʤʚʦʣʘ, Ὕ ï ʎʇ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʱʠʪʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠ ʎʇ ʧʦʟʚʦʣʷʝʪ ʙʦʨʦʪʴʩʷ ʩ 

ʦʰʠʙʢʘʤʠ, ʧʦʨʦʞʜʘʝʤʳʤʠ ISI, ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʠʛʥʘʣʦʚ ʚ 

ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ. ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʨʠʚʦʜʠʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ OFDM ʩʠʛʥʘʣʦʚ [1, 15, 16]. 

 

 
 

ʈʠʩʫʥʦʢ 1.2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ OFDM ʩʠʛʥʘʣʦʚ 

 

ʆʧʝʨʘʮʠʷ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ʜʘʣʝʝ ï 

ɼʇʌ, ʆɼʇʌ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʧʦʜʥʝʩʫʱʠʝ ʩʠʛʥʘʣʦʚ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʣʦʞʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʬʠʣʴʪʨʦʚ. ʇʦʩʣʝ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʧʦʜʥʝʩʫʱʠʭ, ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʬʦʨʤʘʪʘ ʠ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

(ʜʘʣʝʝ ï ʎɸʇ), ʢʘʜʨ OFDM ʩʠʤʚʦʣʦʚ ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʥʘʣ ʩʚʷʟʠ [1, 15, 16, 53]. 

ʇʨʠ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʠʛʥʘʣ OFDM ʩʦʩʪʦʠʪ ʠʟ ʩʫʤʤʳ 

ʧʦʜʥʝʩʫʱʠʭ, ʢʦʪʦʨʳʝ ʤʦʜʫʣʠʨʦʚʘʥʳ, ʢ ʧʨʠʤʝʨʫ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʦʠʯʥʦʡ 

ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʠ (binary phase-shift keying, ʜʘʣʝʝ ï BPSK) ʠʣʠ ʢʚʘʜʨʘʪʫʨʥʦʡ 

ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ (Quadrature Amplitude Modulation, ʜʘʣʝʝ ï QAM) 

ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ (16 QAM, 64 QAM [53] ʠ ʪ.ʜ.) ɽʩʣʠ Ὠ  ï ʢʦʤʧʣʝʢʩʥʳʝ 
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ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʠʤʚʦʣʳ, ὔ ï ʯʠʩʣʦ ʧʦʜʥʝʩʫʱʠʭ, Ὕ    ï ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʩʠʤʚʦʣʘ ʠ Ὢ ï ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ, ʪʦ ʦʜʠʥ ʩʠʤʚʦʣ OFDM, 

ʥʘʯʠʥʘʶʱʠʡʩʷ ʚ ʤʦʤʝʥʪ ὸ ὸ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʚʳʨʘʞʝʥʠʝʤ (1.1) [15]. 

 

ίὸ Ὠ ὩὼὴὮς“Ὢ
ὲ πȢυ

Ὕ
ὸ ὸ ȟ                  ρȢρ 

ὸ ὸ ὸ Ὕ ȟ    ίὸ πȟὸ ὸȟὸ ὸ Ὕ Ȣ  

 

ɺ [2, 15] ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʪʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ (1.2) [15]. 

 

ίὸ Ὠ ϽὩὼὴὮϽς“
ὲ

Ὕ
Ͻὸ ὸ ȟ ὸ ὸ ὸ Ὕ ȟ 

ίὸ πȟὸ ὸȟὸ ὸ Ὕ Ȣ                                                        ρȢς 

 

ɺ ʚʳʨʘʞʝʥʠʠ (1.2) ʚʝʱʝʩʪʚʝʥʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʠʥʬʘʟʥʦʡ 

ʠ ʢʚʘʜʨʘʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʤ OFDM ʩʠʛʥʘʣʘ,  ï ὲ-ʘʷ ʧʦʜʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ 

[15].  

ʅʝʜʦʩʪʘʪʢʘʤʠ ʪʝʭʥʦʣʦʛʠʠ OFDM ʷʚʣʷʶʪʩʷ 

ï ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʩʤʝʱʝʥʠʶ ʯʘʩʪʦʪʳ ʠ ʬʘʟʳ, ʥʘʨʫʰʘʶʱʝʤʫ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʠ ʩʥʠʞʘʶʱʝʤʫ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʤʝʞʩʠʤʚʦʣʴʥʳʤ ʠʩʢʘʞʝʥʠʷʤ, 

ï ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʧʠʢ-ʬʘʢʪʦʨʘ (Peak to Average Power Ratio, ʜʘʣʝʝ ï PAPR 

[27]), ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʢ ʝʛʦ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʠ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ OFDM: 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʤʠ ʟʘʤʠʨʘʥʠʷʤʠ, 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ   ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʝʟ ʩʣʦʞʥʳʭ 

ʚʳʨʘʚʥʠʚʘʶʱʠʭ ʬʠʣʴʪʨʦʚ, 
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ï ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʎʇ ʤʝʞʜʫ 

ʩʠʤʚʦʣʘʤʠ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʫʩʪʨʘʥʝʥʠʝ ʤʝʞʩʠʤʚʦʣʴʥʳʭ ʠʩʢʘʞʝʥʠʡ. 

ʊʝʭʥʦʣʦʛʠʷ OFDM ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ, 

ʢʘʢ wireless LANs (IEEE 802.11 a, g, j, n), ʩʠʩʪʝʤ ʩʪʘʥʜʘʨʪʘ IEEE 802.16 D, ɺ, ʉ 

(WiMAX), ʵʬʠʨʥʦʝ ʊɺ ʩʠʩʪʝʤʳ (DVB-ʊ, DVBH, ʊ-DMB ʠ ʀɹʈ-T), ʩʠʩʪʝʤ 

EUREKA 147, ʮʠʬʨʦʚʦʝ ʈʘʜʠʦ Mondiale, HD Radio, T-DMB ʠ ISDB-TSB, 3GPP 

UMTS & 3GPP LTE, 4G ʠ MC-CDMA [46]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ 

ʩʠʩʪʝʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ OFDM ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ LTE 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʩʦʪʦʚʦʡ ʩʚʷʟʠ. 

 

 

 

1.2 ʆʩʦʙʝʥʥʦʩʪʠ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʭʘʨʘʢʪʝʨ ʧʦʤʝʭ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ 

 

 

 

ɺ ʪʝʦʨʠʠ ʩʚʷʟʠ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʘʥʘʣʦʚ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ï ʵʪʦ ʠʜʝʘʣʴʥʳʡ ʢʘʥʘʣ ʙʝʟ ʧʦʤʝʭ, ʢʘʥʘʣ ʩ ʘʜʜʠʪʠʚʥʳʤ 

ɻʘʫʩʩʦʚʩʢʠʤ ʰʫʤʦʤ [5], ʈʵʣʝʝʚʩʢʠʡ ʢʘʥʘʣ (Rayleing Channel) ï ʢʘʥʘʣ ʩ 

ʟʘʤʠʨʘʥʠʷʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʤʥʦʛʦʣʫʯʝʚʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʨʘʜʠʦʚʦʣʥ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʷʤʘʷ ʚʠʜʠʤʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ, ʠ ʥʘ ʚʭʦʜ ʧʨʠʝʤʥʠʢʘ 

ʧʦʩʪʫʧʘʶʪ ʪʦʣʴʢʦ ʦʪʨʘʞʝʥʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʝʜʘʪʯʠʢʘ, ʫʨʦʚʥʠ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʶʪʩʷ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ [57]. ʌʘʟʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ 

ʨʘʚʥʦʚʝʨʦʷʪʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʚ ʧʨʝʜʝʣʘʭ π ɀ ςʌ ʨʘʜʠʘʥ, ʘ ʘʤʧʣʠʪʫʜʘ 

ʧʦʜʯʠʥʷʝʪʩʷ ʈʵʣʝʝʚʩʢʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ. ʌʫʥʢʮʠʷ 

ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʈʵʣʝʷ ʜʣʷ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ Ὠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʨʘʞʝʥʠʝʤ 

[15] 

 

Ὢὶ
Ὠ

ʎ
ÅØÐ

Ὠ

ςʎ
ȟ 

 

ʛʜʝ ʎ  ï ʧʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʘ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʈʵʣʝʷ. 
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ɸʥʘʣʠʟ ʵʬʬʝʢʪʦʚ ʟʘʤʠʨʘʥʠʷ ʚ ʢʘʥʘʣʘʭ ʦʧʨʝʜʝʣʷʝʪ ʜʚʘ ʪʠʧʘ ʵʬʬʝʢʪʦʚ 

ʟʘʤʠʨʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ: ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʠ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʝ ʟʘʤʠʨʘʥʠʝ [57]. ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʟʘʤʠʨʘʥʠʝ ʦʪʨʘʞʘʝʪ 

ʩʨʝʜʥʝʝ ʦʩʣʘʙʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʠ ʧʦʪʝʨʠ ʚ ʪʨʘʢʪʝ ʚʩʣʝʜʩʪʚʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ. ʉʪʘʪʠʩʪʠʢʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʟʘʤʠʨʘʥʠʷ ὒ Ὠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦʪʝʨʠ ʚ ʪʨʘʢʪʝ ʢʘʢ 

ʬʫʥʢʮʠʶ ʨʘʩʩʪʦʷʥʠʷ ʠʟ ʚʳʨʘʞʝʥʠʷ ὒ Ὠ
̒
ȟ ʛʜʝ  Ὠ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʨʠʝʤʥʠʢʦʤ ʠ ʧʝʨʝʜʘʪʯʠʢʦʤ, ʇ̒ ï ʜʣʠʥʘ ʚʦʣʥʳ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ.  

ὒ Ὠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʩʨʝʜʥʠʭ ʧʦʪʝʨʴ ʚ ʢʘʥʘʣʝ. ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ 

ʟʘʤʠʨʘʥʠʷ ʧʦ ʩʚʦʝʤʫ ʭʘʨʘʢʪʝʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ "ʤʝʜʣʝʥʥʳʤ" ʟʘʤʠʨʘʥʠʷʤ 

(ʯʘʩʪʦʪʥʦ-ʥʝʩʝʣʝʢʪʠʚʥʳʤ), ʢʦʛʜʘ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʝ ʠʩʢʘʞʝʥʠʷ ʦʜʠʥʘʢʦʚʳ ʜʣʷ 

ʚʩʝʭ ʯʘʩʪʦʪ ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ.  

ʄʝʣʢʦʤʘʩʰʪʘʙʥʦʝ ʟʘʤʠʨʘʥʠʝ ï ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ 

ʬʘʟʳ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʥʝʙʦʣʴʰʠʭ 

ʠʟʤʝʥʝʥʠʡ (ʧʦʨʷʜʢʘ ʧʦʣʦʚʠʥʳ ʜʣʠʥʳ ʚʦʣʥʳ) ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ 

ʧʨʠʝʤʥʠʢʦʤ. ʄʝʣʢʦʤʘʩʰʪʘʙʥʦʝ ʟʘʤʠʨʘʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʈʵʣʝʝʚʩʢʠʤ, ʝʩʣʠ ʠʤʝʝʪʩʷ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʤʥʦʛʦʢʨʘʪʥʦ ʦʪʨʘʞʘʶʱʠʭʩʷ ʧʫʪʝʡ ʠ ʥʝʪ ʢʦʤʧʦʥʝʥʪʘ ʩʠʛʥʘʣʘ 

ʚʜʦʣʴ ʣʫʯʘ ʦʙʟʦʨʘ. ʆʛʠʙʘʶʱʘʷ ʪʘʢʦʛʦ ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʈʵʣʝʝʚʩʢʦʡ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ. ɽʩʣʠ 

ʧʨʝʦʙʣʘʜʘʝʪ ʥʝʟʘʤʠʨʘʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʘ, ʪʘʢʦʡ ʢʘʢ ʧʫʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʜʦʣʴ ʣʫʯʘ ʦʙʟʦʨʘ, ʦʛʠʙʘʶʱʘʷ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʛʦ ʟʘʤʠʨʘʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʈʘʡʩʘ [15]. ʄʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʟʘʤʠʨʘʥʠʷ 

ʦʪʨʘʞʘʶʪ ʭʘʨʘʢʪʝʨ "ʙʳʩʪʨʳʭ" (ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ) ʟʘʤʠʨʘʥʠʡ, ʢʦʛʜʘ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳ ʜʣʷ ʩʠʛʥʘʣʦʚ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʚ 

ʪʦʯʢʝ ʧʨʠʸʤʘ. 

ɼʣʷ ʤʦʙʠʣʴʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʭʦʜʷʱʝʡ ʤʦʜʝʣʠ ʦʧʠʩʘʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ ʦʙʳʯʥʦ ʙʝʨʫʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʩʩʝʠʚʘʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʨʘʜʠʘʣʴʥʦʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʨʘʚʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ ʥʝʟʘʚʠʩʠʤʳʝ ʩʣʫʯʘʡʥʳʝ ʬʘʟʦʚʳʝ ʫʛʣʳ ʦʪʨʘʞʝʥʠʷ. 

ʕʪʫ ʤʦʜʝʣʴ ʥʘʟʳʚʘʶʪ ʤʦʜʝʣʴʶ ʢʘʥʘʣʘ ʩ ʧʣʦʪʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʨʘʩʩʝʠʚʘʶʱʠʭ 
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ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ 

ʢʦʤʧʣʝʢʩʥʘʷ ʯʘʩʪʦʪʥʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʢʘʥʘʣʘ ʠʤʝʝʪ ʢʦʨʨʝʣʷʮʠʶ ʥʝ ʤʝʥʝʝ 

πȢυ, ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [57] Ὢ
 Ͻ

, ʛʜʝ „ ï ʚʝʣʠʯʠʥʘ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʨʘʟʙʨʦʩʘ ʟʘʜʝʨʞʝʢ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ Ὕ  ï ʚʝʣʠʯʠʥʳ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ.  

ʆʮʝʥʢʫ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʨʘʟʙʨʦʩʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʘʤ  

ɻʆʉʊ ʈ 8.736-2011 ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʝʩʤʝʱʸʥʥʦʡ 

ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ. ʆʮʝʥʢʘ „ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  

 

ʎ
В ʎ ʎ

ὲ ρ
ȟ 

 

ʛʜʝ ʎ В ʎ - ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʎ. 

ʈʵʣʝʝʚʩʢʠʡ ʢʘʥʘʣ ʩʚʷʟʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ "ʙʳʩʪʨʳʭ" 

ʟʘʤʠʨʘʥʠʡ. ʊʝʨʤʠʥ "ʙʳʩʪʨʦʝ ʟʘʤʠʨʘʥʠʝ" (fast fading) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʢʘʥʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ Ὕ  Ὕ , ʛʜʝ Ὕ ï ʚʨʝʤʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʢʘʥʘʣʘ ï ʦʙʨʘʪʥʘʷ 

ʚʝʣʠʯʠʥʘ ʧʦʣʦʩʳ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʢʘʥʘʣʘ Ὢ, Ὕ  ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʘ. ɹʳʩʪʨʦʝ 

ʟʘʤʠʨʘʥʠʝ ʦʧʠʩʳʚʘʝʪ ʫʩʣʦʚʠʝ, ʢʦʛʜʘ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ,  

ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʚʝʜʝʥʠʝ ʢʘʥʘʣʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʣʦʩʳ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʤʘʣ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʨʝʤʝʥʝʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʘ. ɼʣʷ 

ʥʝʠʩʢʘʞʝʥʥʦʛʦ ʧʨʠʝʤʘ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʩʠʤʚʦʣʦʚ  ʠ ʧʦʣʦʩʳ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʢʘʥʘʣʘ Ὢ , ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ 

ʯʘʩʪʦʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʘ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʘʤʧʣʠʪʫʜʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ, ʪ.ʝ. ʥʘ ʚʩʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʥʘʣ ʚʣʠʷʝʪ 

ʦʜʠʥʘʢʦʚʦ. ʂʘʥʘʣ ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʤ, ʝʩʣʠ Ὢ ὡ, ʛʜʝ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ  ʥʦʤʠʥʘʣʴʥʦ ʙʝʨʝʪʩʷ ʨʘʚʥʦʡ ʰʠʨʠʥʝ ʧʦʣʦʩʳ 

ʯʘʩʪʦʪ ʩʠʛʥʘʣʘ ὡ. ɸʤʧʣʠʪʫʜʥʦʝ ʟʘʤʠʨʘʥʠʝ ʥʝ ʧʨʠʚʥʦʩʠʪ ʠʩʢʘʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʥʝʩʝʥʥʳʤʠ ʢʘʥʘʣʦʤ ʤʝʞʩʠʤʚʦʣʴʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ. ɺ ʩʣʫʯʘʝ ʥʝʠʩʢʘʞʝʥʥʦʛʦ 
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ʧʨʠʝʤʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʫʩʣʦʚʠʷ [57] Ὢ ὡ . ʇʦʣʦʩʘ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ Ὢ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʠʝʤʥʠʢʝ ʵʢʚʘʣʘʡʟʝʨ ʜʣʷ "ʚʳʨʘʚʥʠʚʘʥʠʷ" 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʇʨʠ ʫʩʣʦʚʠʠ Ὢ  ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʤʝʞʩʠʤʚʦʣʴʥʳʭ ʠʩʢʘʞʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʚʢʣʶʯʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (ʠʣʠ ʎʇ) 

ʚʧʝʨʝʜʠ OFDM ʩʠʤʚʦʣʦʚ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ.  

ʉʠʩʪʝʤʳ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ 

ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʦʛʦ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʫʪʝʡ ʫʣʫʯʰʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʠ ʩ OFDM. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʦʚ ʢʘʜʨʘ ʈʵʣʝʝʚʩʢʦʛʦ 

ʢʘʥʘʣʘ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʧʝʥʩʘʮʠʷ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ ʟʘʤʠʨʘʥʠʡ ʧʨʠ ʧʨʠʸʤʝ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʯʸʪ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʧʦʧʨʘʚʦʯʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʢʚʘʣʘʡʟʝʨʘ ʧʨʠʸʤʥʠʢʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ 

ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ɹʇʌ ʙʝʟ ʪʦʯʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ ʚʦʟʥʠʢʘʶʪ ʦʰʠʙʢʠ ʚ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʢʦʤʧʝʥʩʘʮʠʠ.  

 

 

 

1.3 ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩʠʤʚʦʣʴʥʦʡ ʠ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʩʠʛʥʘʣʦʚ OFDM ʪʝʭʥʦʣʦʛʠʠ 

 

 

 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʣʛʦʨʠʪʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ OFDM 

ʩʠʩʪʝʤ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ [19]. ʇʝʨʚʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʫ ʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʝʥʥoʡ [21, 49, 50], ʘ ʚʪʦʨʘʷ ï ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 

[51, 52]. ɺ ʨʘʙʦʪʝ [19] ʧʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥoʛʦ ʠ ʯʘʩʪʦʪʥʦʛʦ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʝʥʥoʡ ʦʙʣʘʩʪʠ ʩ ʫʯʝʪʦʤ 

ʜʦʙʘʚʣʝʥʠʷ ɸɹɻʐ ʠ ʜʦʧʫʱʝʥʠʷ, ʯʪʦ ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʚʦ ʚʨʝʤʝʥʥoʡ 

ʦʙʣʘʩʪʠ ὥὰ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʛʘʫʩʩʦʚʳʤ ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʊʦʛʜʘ ʤʦʜʫʣʴ 
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ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ Ὑ ʻ В ὥὰϽὥᶻὰ ὔʻ
ʻ  ʙʫʜʝʪ ʠʤʝʪʴ 

ʤʘʢʩʠʤʫʤ ʧʨʠ ʟʥʘʯʝʥʠʠ ʘʨʛʫʤʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʯʘʣʫ ʦʯʝʨʝʜʥʦʛʦ 

ʩʠʤʚʦʣʘ. ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ὰ ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ, Ὃ ï ʜʣʠʥʘ 

ʟʘʱʠʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚ ʝʜʠʥʠʮʘʭ ʜʠʩʢʨʝʪʥʳʭ ʦʪʩʯʝʪʦʚ, ὔ   ï ʨʘʟʤʝʨʥʦʩʪʴ 

ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ʜʘʣʝʝ ï ɹʇʌ), ὥᶻὰ ï ʚʝʣʠʯʠʥʘ, ʢʦʤʧʣʝʢʩʥʦ-

ʩʦʧʨʷʞʝʥʥʘʷ ʩ ὥὰ. ʊʦʛʜʘ ʦʮʝʥʢʘ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ‏ ÁÒÇὙ ʻȢ 

ʆʧʪʠʤʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʠ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [50], ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʠʩʢ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ: 

   

˂ʻ ςϽ ὥὰϽὥὰ ὔ ”Ͻ ȿὥὰȿ ȿὥὰ ὔ ȿȟ 

ˊ
ὛὔὙ

ὛὔὙρ
Ȣ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [19] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʠʩʢ ʵʢʩʪʨʝʤʫʤʘ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʘʸʪ ʤʝʥʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʥ ʥʝ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ (ʜʘʣʝʝ ï ʆʉʐ, ʘʥʛʣ. SNR ï 

Signal-to-Noise-Ratio), ʪ.ʝ. ʥʝ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʘ ʩʚʷʟʠ ʠ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʯʪʦ ʞʝʣʘʪʝʣʴʥʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ɹʉ ʧʨʠ ʝʛʦ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʦʪʩʯʸʪʦʚ ʩʠʛʥʘʣʘ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠ ʪʦʯʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʪʨʝʙʫʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʛʨʫʙʦʡ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʪ.ʝ. ʧʦʣʥʦʩʪʴʶ 

ʠʟʙʝʞʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʥʝʚʦʟʤʦʞʥʦ [19]. 

ɺ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ 3G ï 5G ʧʦʢʦʣʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʚʘʨʠʘʥʪʳ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ɸʂʌ ʠ ɺʂʌ. ʎʠʢʣʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʠʥʪʝʨʚʘʣʳ ʩʚʦʡʩʪʚʝʥʥʳ OFDM 

ʩʠʤʚʦʣʘʤ [1, 15, 16], ʦʙʫʯʘʶʱʠʤ ʩʠʤʚʦʣʘʤ [3], ʩʠʤʚʦʣʘʤ ʧʨʝʘʤʙʫʣ [2, 59] ʠ PSS 

(Primary synchronization signal ï ʧʝʨʚʠʯʥʳʡ ʩʠʥʭʨʦʩʠʛʥʘʣ ʚ ʩʠʩʪʝʤʝ 
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ʩʠʥʭʨʦʥʠʟʘʮʠʠ LTE ʪʝʭʥʦʣʦʛʠʠ [1, 15, 16, 53]), ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʠʥʪʝʨʚʘʣʘʤʠ [4]. ɸʧʝʨʠʦʜʠʯʝʩʢʠʝ ɺʂʌ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʠʢʦʚ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ [1, 16, 53], ʣʠʙʦ 

ʦʙʫʯʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʤʘʨʢʠʨʫʶʱʠʭ ʚʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘʯʘʣʘ 

ʢʘʜʨʘ. ʂʣʘʩʩʠʯʝʩʢʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʜʚʫʭ ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ [15]. 

Ὑ † ώ† ὰϽᾀᶻὰȟ ρȢσ 

 

ʛʜʝ Ὑ † ï ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʳʭ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʩʠʛʥʘʣʦʚ ώὰ ɀ̐ ̠̑̉̎̓̏̄̏ ̖̒̉̎̑̏̒̉̄̎́̌́ ʠ ᾀὰ ï ʵʪʘʣʦʥʥʦʛʦ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ; † ï ʚʨʝʤʝʥʥʦʡ ʩʜʚʠʛ; ὰ ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ; ὒ ï ʯʠʩʣʦ 

ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʥʘ ʠʥʪʝʨʚʘʣʝ Ὑ †;  zï ʩʠʤʚʦʣ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ. 

 

 

 

1.3.1 ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʧʠʢʘʤ ʮʠʢʣʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠʥʪʝʨʚʘʣʦʚ 

ʩʠʤʚʦʣʦʚ OFDM 

 

 

 

ʕʪʦʪ ʪʠʧ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʤʚʦʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ 

ɸʂʌ ʎʇ ʩʠʤʚʦʣʦʚ OFDM, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ 

ʛʨʘʥʠʮʘʤ ʩʠʤʚʦʣʦʚ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ (ʩʪʘʥʜʘʨʪʳ ʩʦʪʦʚʦʡ ʩʚʷʟʠ LTE, 5GNR).  

ʎʠʢʣʠʯʝʩʢʘʷ ʬʦʨʤʘ ɸʂʌ ʎʇ OFDM ʩʠʤʚʦʣʦʚ ʚ ʦʙʱʝʤ ʚʠʜʝ ʚʳʯʠʩʣʷʝʪʩʷ 

ʠʟ ʚʳʨʘʞʝʥʠʷ [15] 

 

ὃὅὊ ὸ ὅὖὸ †Ͻὅὖὸ † Ὕ Ὠ†Ȣ  

 

ɺ ʜʘʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ɸʂʌ ʎʇ ï ʵʪʦ 

ʢʦʨʨʝʣʷʮʠʷ ʩʠʛʥʘʣʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʎʇ (ὅὖὸ) ʜʣʠʪʝʣʴʥʦʩʪʴʶ Ὕ ʩ ʢʦʥʝʯʥʦʡ 
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ʯʘʩʪʴʶ ʩʠʤʚʦʣʘ, ʩʜʚʠʥʫʪʦʡ ʥʘ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ 

ʩʠʤʚʦʣʘ OFDM  Ὕ Ȣ ɺ ʜʠʩʢʨʝʪʥʦʤ ʚʘʨʠʘʥʪʝ ʚʳʨʘʞʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ: 

 

ὃὅὊ † В ὅὖὰ † Ͻὅὖὰ † Ὕ    (1.4)  

 

ʛʜʝ ὰ ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ;  

Ὃ ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʎʇ; 

Ὕ  ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʩʠʤʚʦʣʘ; 

† ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ ʩʜʚʠʛʘ ʎʇ ʦʪ ʠʥʪʝʨʚʘʣʘ ʢʦʥʮʘ ʩʠʤʚʦʣʘ, 

ʧʦʚʪʦʨʷʶʱʝʛʦ ʎʇ. 

ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʠʚʝʜʝʥʘ ʫʢʨʫʧʥʸʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʤʚʦʣʴʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ ɸʂʌ ʎʇ. 

 

 
ʈʠʩʫʥʦʢ 1.3 ï ʋʢʨʫʧʥʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʤʚʦʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ  

ʧʦ ʧʠʢʘʤ ɸʂʌ ʎʇ 

 

ʅʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ ʧʦʢʘʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʦʚ OFDM, ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 1.2, 

ʧʨʦʭʦʞʜʝʥʠʝ ɻʉ ʯʝʨʝʟ ʈʵʣʝʝʚʩʢʠʡ ʢʘʥʘʣ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ 

ɸʂʌ ʎʇ, ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʛʨʘʥʠʮʘʤʠ ʩʠʤʚʦʣʦʚ ʚ ʠʜʝʘʣʴʥʦʤ ʢʘʥʘʣʝ.  

ʉʧʦʩʦʙ ʩʠʤʚʦʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʧʠʢʦʚ ɸʂʌ 

ʎʇ ʟʘʧʘʪʝʥʪʦʚʘʥ ʚ 1997 ʛʦʜʫ ʚ [58]. ʕʪʦʪ ʩʧʦʩʦʙ ʦʧʠʩʘʥ ʚ [50] ʢʘʢ ʩʧʦʩʦʙ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʠʟʙʳʪʦʯʥʦʩʪʴ, ʚʚʦʜʠʤʫʶ ʚ ʩʠʩʪʝʤʳ OFDM ʪʝʭʥʦʣʦʛʠʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎʇ ʜʣʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ɻʘʫʩʩʦʚʩʢʦʤ ʢʘʥʘʣʝ 

ʙʝʟ ʧʠʣʦʪ-ʩʠʛʥʘʣʦʚ. ɺ [33] ʦʧʠʩʘʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʦʛʦ ʩʤʝʱʝʥʠʷ ʩʠʤʚʦʣʦʚ 

ʠ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʚ ɻʘʫʩʩʦʚʩʢʦʤ ʢʘʥʘʣʝ ʜʣʷ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ 

ɸʂʌ ʎʇ. ʄʝʪʦʜʳ ʩʠʤʚʦʣʴʥʦʡ ʠ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʥʘ 

ʦʩʥʦʚʝ OFDM ʪʝʭʥʦʣʦʛʠʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ [48]. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʩʠʤʚʦʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʦʣʴʢʦ ʜʣʷ ɻʘʫʩʩʦʚʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʆʉʐ ʙʦʣʝʝ 17 ʜɹ [48]. 

ʂʣʘʩʩʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʎʇ ʧʫʪʝʤ ʧʝʨʝʥʦʩʘ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ ʩ ʢʦʥʮʦʚ 

ʩʠʤʚʦʣʦʚ [33, 50, 58] ʚ ʨʘʙʦʪʝ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ 

OFDM ʩʠʤʚʦʣʦʚ ɻʉ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʟʢʘʷ ʪʦʯʥʦʩʪ ɹ ʧʦʧʘʜʘʥʠʷ 

ʧʠʢʦʚ ɸʂʌ ʎʇ ʚ ʛʨʘʥʠʮʳ ʩʠʤʚʦʣʦʚ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.3 ʟʘʤʝʪʥʳʤʠ 

ʨʘʟʣʠʯʠʷʤʠ ʚ ʠʥʪʝʨʚʘʣʘʭ ʤʝʞʜʫ ʧʠʢʘʤʠ ɸʂʌ ʎʇ. ʇʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʆʉʐ ʠ 

ʧʨʝʦʙʣʘʜʘʥʠʠ "ʙʳʩʪʨʳʭ" ʟʘʤʠʨʘʥʠʡ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʧʠʢʘʤ 

ʮʠʢʣʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠʥʪʝʨʚʘʣʦʚ ʩʠʤʚʦʣʦʚ OFDM ʚ ʠʭ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ 

ʧʦʩʪʨʦʝʥʠʷ ʥʝʵʬʬʝʢʪʠʚʥʘ.  

 

 

 

1.3.2 ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʧʠʢʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʠʥʪʝʨʚʘʣʦʚ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ 

 

 
 

ʇʦʜ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʠʥʪʝʨʚʘʣʘʤʠ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ 

ʢʘʢʦʝ-ʣʠʙʦ ʯʠʩʣʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʚʥʦʡ ʜʣʠʥʳ ʩ ʠʜʝʥʪʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʟʘʧʦʣʥʷʶʱʠʭ ʠʥʪʝʨʚʘʣ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ 

(ʧʨʝʘʤʙʫʣʳ ʚ ʩʪʘʥʜʘʨʪʘʭ IEEE 802.11 a, g, j, n, IEEE 802.16 a, b, c, d, e; PSS ʚ 

ʩʪʘʥʜʘʨʪʝ Starlink). ɺ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʘʨʠʘʥʪʳ ʢʘʜʨʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠʥʪʝʨʚʘʣʦʚ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ. 
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1.3.2.1 ɺʘʨʠʘʥʪ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ ʧʨʝʘʤʙʫʣ rʢʘʜʨʘ 

ʩʪʘʥʜʘʨʪʘ WiMAX  

 

 

 

ʂʨʦʤʝ ʎʇ, ʮʠʢʣʠʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʮʠʢʣʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʠʥʪʝʨʚʘʣ r ʩʠʤʚʦʣʦʚ, ʤʘʨʢʠʨʫʶʱʠʭ 

ʥʘʯʘʣʦ ʢʘʜʨʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʧʠʢʘʤʠ ɸʂʌ ʧʨʝʘʤʙʫʣ. ɺ ʪʝʭʥʦʣʦʛʠʠ WiMAX 

(ʩʪʘʥʜʘʨʪ IEEE 802.16ʝ-2005, 2009, WPAN) [2] ʢʘʞʜʳʡ ʢʘʜʨ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʧʨʝʘʤʙʫʣʳ, ʟʘ ʢʦʪʦʨʦʡ ʩʣʝʜʫʶʪ ʧʘʢʝʪʳ ʜʘʥʥʳʭ ʦʪ ɹʉ ʢ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʣʠ ʚ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ɺʩʝ ʘʣʛʦʨʠʪʤʳ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʠ WiMAX ʦʩʥʦʚʘʥʳ ʥʘ 

ʨʘʩʯʝʪʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʝʘʤʙʫʣʳ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʠʣʠ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʘʤʙʫʣʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʨʝʘʤʙʫʣʳ [59]: 

- ʥʘʣʠʯʠʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʝʬʠʢʩʘ; 

- ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʩʯʸʪʘ; 

- ʥʘʣʠʯʠʝ ʪʨʸʭ (ʯʝʪʳʨʝʭ) ʦʜʠʥʘʢʦʚʳʭ ʫʯʘʩʪʢʦʚ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʧʦ ʎʇ ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ [59] ὶ ὰ

В ὼὰϽὼᶻὰ ὔ , ʛʜʝ ὼὰ ï ὰ-ʡ ʦʪʩʯʝʪ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʯʘʩʪʦʪʝ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ 11,2 ʄɻʮ; ὔ  ï ʨʘʟʤʝʨʥʦʩʪʴ ɹʇʌ.  

ʇʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭ ʠ ʪʨʸʭ ʦʜʠʥʘʢʦʚʳʭ ʫʯʘʩʪʢʦʚ ʩʠʤʚʦʣʘ ʧʨʝʘʤʙʫʣʳ 

(ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʘʤʙʫʣʳ) ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʧʦʜʦʙʥʦʛʦ ʚʳʨʘʞʝʥʠʷ [59], ʥʦ ʧʨʝʜʝʣʳ ʩʫʤʤʠʨʦʚʘʥʠʷ ʦʛʨʘʥʠʯʝʥʳ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ὰ πȟ ȟὰ πȟ  . ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʘʜʨʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʠʜʝʥʪʠʯʥʘ ʩʭʝʤʝ ʥʘ ʨʠʩʫʥʢʝ 1.3. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ [59] ʧʦʢʘʟʘʣ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʤʝʪʦʜʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʘʤʙʫʣʳ ʧʦ ɸʂʌ ʎʇ, ʦʙʣʘʜʘʶʱʝʛʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʯʘʩʪʦʪʥʳʤ ʩʜʚʠʛʘʤ. 
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ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʜʨʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʫʪʝʤ ʢʦʤʧʝʥʩʘʮʠʠ ʚʨʝʤʝʥʥʳʭ ʩʜʚʠʛʦʚ OFDM ʩʠʤʚʦʣʦʚ 

ʧʨʝʘʤʙʫʣ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [31, 48, 60 ï 63]. ɺ [60] ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʤʚʦʣʴʥʦʡ ʠ ʢʘʜʨʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʧʦʜʥʝʩʫʱʠʭ OFDM 

ʩʠʤʚʦʣʦʚ. ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ZC ʚ ʢʘʯʝʩʪʚʝ ά 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʢʦʨʦʪʢʠʭ ʩʠʤʚʦʣʦʚ ʚ ʧʨʝʘʤʙʫʣʝ ʩʪʘʥʜʘʨʪʘ IEEE 802.11, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʧʠʢʦʚ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʨʝʜʥʝʥʠʷ ʠʭ ʧʦʣʦʞʝʥʠʷ. ɺ [31] ʘʚʪʦʨʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʘʤʙʫʣʳ 

ʧʨʠʤʝʥʷʶʪ ʜʚʘ OFDM ʩʠʤʚʦʣʘ; ʧʝʨʚʳʡ ʩʦʩʪʦʠʪ ʠʟ 2-ʭ ʦʜʠʥʘʢʦʚʳʭ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʇʉʇ), ʤʦʜʫʣʠʨʫʶʱʠʭ ʪʦʣʴʢʦ ʯʝʪʥʳʝ 

ʧʦʜʥʝʩʫʱʠʝ ʩʠʤʚʦʣʘ, ɺʂʌ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪ ʧʠʢ, ʤʘʨʢʠʨʫʶʱʠʡ ʥʘʯʘʣʦ ʢʘʜʨʘ. 

ɺ [61 ï 63] ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʘʤʙʫʣʳ ʣʠʙʦ ʠʟ 

2-ʭ ʯʘʩʪʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʵʣʝʤʝʥʪʦʚ CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [61], ʣʠʙʦ ʠʟ 4-

ʭ ʯʘʩʪʝʡ ʇʉʇ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʫʪʝʤ ʆɹʇʌ [62], ʣʠʙʦ 4-ʭ ʩʦʧʨʷʞʝʥʥʳʭ 

CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [63]. 

ʅʝʜʦʩʪʘʪʦʢ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ 

ʧʨʠʤʝʥʠʤʦʩʪʠ: ʚ ʢʘʥʘʣʘʭ ʩ ʚʳʩʦʢʠʤ ʆʉʐ (ʙʦʣʝʝ 17 ʜɹ); ʚ ɻʘʫʩʩʦʚʩʢʦʤ ʢʘʥʘʣʝ ʠ ʚ 

ʢʘʥʘʣʘʭ ʩ ʤʝʜʣʝʥʥʳʤʠ ʟʘʤʠʨʘʥʠʷʤʠ. ʇʨʠ ʵʪʦʤ ʚ [31] ʥʘ ʚʝʨʰʠʥʝ ɺʂʌ ʧʨʝʘʤʙʫʣʳ 

ʦʙʨʘʟʫʝʪʩʷ "ʧʣʘʪʦ", ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʦ 

ʢʘʜʨʘ, ʘ ʚ [61 ï 63] ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʠʢʘ, 

ʤʘʨʢʠʨʫʶʱʝʛʦ ʥʘʯʘʣʦ ʢʘʜʨʘ, ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʙʦʢʦʚʳʤʠ ʣʝʧʝʩʪʢʘʤʠ, 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʩʥʠʞʝʥʠʠ ʆʉʐ. 

 

 

  

1.3.2.2 ɺʘʨʠʘʥʪ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʦʚʪʦʨʷʶʱʠʤʩʷ ʠʥʪʝʨʚʘʣʘʤ 

ʧʝʨʚʠʯʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʪʝʭʥʦʣʦʛʠʠ Starlink 

 

 

 

ɺ ʪʝʭʥʦʣʦʛʠʠ Starlink [4], ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʚʪʦʨʷʶʱʠʝʩʷ 

ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ PSS. ɺ ʢʘʜʨʝ ʩʠʤʚʦʣ PSS ʩʦʩʪʦʠʪ ʠʟ 8 ʦʜʠʥʘʢʦʚʳʭ  ὓ-
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʘʟʦʚʦʡ 

ʤʘʥʠʧʫʣʷʮʠʝʡ (differential phase-shift keying, ʜʘʣʝʝ ï DPSK) ʩ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ 

“Ⱦς. ʇʨʠ ʦʧʝʨʘʮʠʠ ɺʂʌ ʧʨʠʥʷʪʦʛʦ ʠ ʵʪʘʣʦʥʥʦʛʦ PSS ʬʦʨʤʠʨʫʝʪʩʷ "ʛʨʝʙʸʥʢʘ" ʠʟ 

11 ʧʠʢʦʚ ˏ˗l  ʨʘʟʣʠʯʥʦʡ ʘʤʧʣʠʪʫʜʳ, ʤʘʨʢʠʨʫʶʱʠʭ ʥʘʯʘʣʦ ʢʘʜʨʘ, 

ʧʦʩʳʣʘʝʤʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ʋʢʨʫʧʥʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʘʜʨʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ "ʛʨʝʙʸʥʢʠ" ˏ˗l  ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.4. 

ʎʝʥʪʨʘʣʴʥʳʡ ʧʠʢ "ʛʨʝʙʸʥʢʠ" ˏ˗l  ʦʧʨʝʜʝʣʷʝʪ ʥʘʯʘʣʦ ʢʘʜʨʘ ʩʪʘʥʜʘʨʪʘ Starlink. 

 

ʈʠʩʫʥʦʢ 1.4 ï ʋʢʨʫʧʥʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ 

ʧʠʢʘʤ "ʛʨʝʙʸʥʢʠ" ɺʂʌ PSS 

 

ʅʝʜʦʩʪʘʪʦʢ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ï ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʙʦʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʩ "ʭʦʨʦʰʠʤʠ" ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʦʣʴʢʦ ʦʜʥʠʤ ʚʘʨʠʘʥʪʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

 

 

 

1.3.3.  ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʧʠʢʘʤ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ɺʂʌ ʧʨʠʥʠʤʘʝʤʳʭ ʠ 

ʵʪʘʣʦʥʥʳʭ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ (LTE, 5GNR)  

  

 

 

 ʂʘʜʨ ʢʘʢ ʦʪʜʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʜʝʨʞʠʪ 

ʩʠʥʭʨʦʩʠʛʥʘʣʳ ʠ ʩʣʫʞʝʙʥʳʝ ʩʠʤʚʦʣʳ, ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʮʠʢʣʠʯʝʩʢʠ ʠʟ ʢʘʜʨʘ ʚ 

ʢʘʜʨ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ɺ ʨʘʟʣʠʯʥʳʭ 



28 

 

ʪʝʭʥʦʣʦʛʠʷʭ ʩʦʪʦʚʦʡ ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʟʣʠʯʥʦʝ ʯʠʩʣʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ, ʨʘʟʥʦʝ ʯʠʩʣʦ 

ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʚ ʩʦʩʪʘʚʝ ʢʘʜʨʘ ʠ ʨʘʟʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʠʭ 

ʧʦʩʪʨʦʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ "ʭʦʨʦʰʠʤʠ" 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ὅὃὤὃὅ, ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ), 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʤʠ ŭ-ʢʦʨʨʝʣʷʮʠʶ. ɺ ʩʪʘʥʜʘʨʪʝ LTE ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɿʘʜʦʚʘ ï 

ʏʫ (ὤὅόȟὑȟό ςυȟςωȟστȠ ὑ φς), ʛʜʝ ό ï ʠʥʜʝʢʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ὑ ï 

ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ. ʅʘ ʵʣʝʤʝʥʪʘʭ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʳ ʪʨʠ PSS 

[53]. ˏ˗l  ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

 

ˏ˗l † ὖὛὛ † ὰϽὖὛὛᶻ ὰȟ ρȢυ 

 

ʛʜʝ ˏ˗l  ï ʚʟʘʠʤʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʧʨʠʥʠʤʘʝʤʦʛʦ ʧʝʨʚʠʯʥʦʛʦ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ ὖὛὛ  ʠ ὖὛὛᶻ ï ʦʜʥʛʦ ʠʟ 3-ʭ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ  

ʵʪʘʣʦʥʥʳʭ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ὖὛὛ ,  

ὰ ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʝʪʘ,  

ὒ ï  ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ OFDM ʩʠʤʚʦʣʘ ὖὛὛȟ 

† ï ʚʨʝʤʝʥʥʦʡ ʩʜʚʠʛ ʤʝʞʜʫ ʧʨʠʥʠʤʘʝʤʳʤʠ ʠ ʵʪʘʣʦʥʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ὖὛὛ  ʠ ὖὛὛᶻ. 

ʋʢʨʫʧʥʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʮʠʢʣʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʥʦʤʫ 

ʧʦʣʦʞʝʥʠʶ ʧʠʢʘ ˏ˗l , ʤʘʨʢʠʨʫʶʱʝʛʦ ʥʘʯʘʣʦ ʧʦʣʫʢʘʜʨʘ ʩʪʘʥʜʘʨʪʘ LTE, 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.5. 

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ PSS, 

ʥʝʦʙʭʦʜʠʤʘ ʦʧʝʨʘʮʠʷ ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ 

ʤʘʢʩʠʤʫʤʦʚ ˏ˗l  ʥʘ ʠʥʪʝʨʚʘʣʝ ὓ  ʧʝʨʠʦʜʦʚ ʥʘʢʦʧʣʝʥʠʷ ˏ ˗l . ʋʩʨʝʜʥʝʥʠʝ 

ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʤʘʢʩʠʤʫʤʦʚ ˏ˗l  ʥʘ ʧʨʠʤʝʨʝ ʢʘʜʨʘ 

LTE [18] ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʳʨʘʞʝʥʠʠ 
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ˏ˗l ὰ
ρ

ὓ
ˏ˗l ὰ ὓϽὒϽά ȟ ρȢφ 

 

ʛʜʝ ὓ  ï ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʥʘʢʦʧʣʝʥʠʷ (ʢʘʜʨʦʚ, ʧʦʣʫʢʘʜʨʦʚ) ʧʠʢʦʚ ɺʂʌ, 

ά  ï ʥʦʤʝʨ ʧʝʨʠʦʜʘ ʥʘʢʦʧʣʝʥʠʷ ï ά πȟρ ȣ ὓ ρ, 

ὓ ï ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ ʚ ʧʝʨʠʦʜʝ ʥʘʢʦʧʣʝʥʠʷ, 

ὒ ï ʯʠʩʣʦ ʦʪʩʯʸʪʦʚ ʚ ʩʠʤʚʦʣʝ, 

ὰ πȟρȣὓϽὒϽά ρ ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ ˏ˗l  ʥʘ 

ʠʥʪʝʨʚʘʣʝ "ʦʢʥʘ" ʫʩʨʝʜʥʝʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 1.5. ï ʋʢʨʫʧʥʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʮʠʢʣʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ 

ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʧʠʢʘ ˏ˗l , ʤʘʨʢʠʨʫʶʱʝʛʦ ʥʘʯʘʣʦ ʧʦʣʫʢʘʜʨʘ 

ʩʪʘʥʜʘʨʪʘ LTE 

 

 ɺ LTE ʪʝʭʥʦʣʦʛʠʠ [18] ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʫʩʨʝʜʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʠʢʘ ˏ˗l  ʧʦ ὓ  ψ ʧʝʨʠʦʜʘʤ  ˏ ˗l ,. ʅʝʜʦʩʪʘʪʦʢ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʜʣʷ ʫʩʨʝʜʥʝʥʠʷ ʧʠʢʦʚ ˏ˗l , ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʦʧʨʝʜʝʣʷʝʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ 

ʩʚʷʟʠ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʝʩʫʨʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (5G).  
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1.4 ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ LTE  

 

 

 

ʇʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʘʩʪʨʦʝʥʥʦʛʦ ʥʘ ʨʘʙʦʪʫ ʚ ʩʠʩʪʝʤʘʭ 

ʩʚʷʟʠ ʪʝʭʥʦʣʦʛʠʠ LTE, ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ ɹʉ ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʚʘ ʠʣʠ ʪʨʠ ʵʪʘʧʘ ʚʦ 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ (ʛʨʫʙʘʷ ʚʨʝʤʝʥʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʷʪʦʛʦ ɹʉ ʘʣʛʦʨʠʪʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ɿʘʪʝʤ ʧʨʦʚʦʜʷʪʩʷ 4-ʡ ʠ 

5-ʡ ʵʪʘʧʳ ï ʵʪʘʧ ʪʦʯʥʦʡ ʯʘʩʪʦʪʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦʜʥʝʩʫʱʠʭ ʠ ʵʪʘʧ ʦʙʤʝʥʘ 

ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ɹʉ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʊʝʭʥʦʣʦʛʠʷ LTE OFDM ʩʦʪʦʚʦʡ 

ʩʚʷʟʠ 4G ʧʦʢʦʣʝʥʠʷ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʭʵʪʘʧʦʡ ʩʠʩʪʝʤʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ [16]. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʯʘʩʪʦʪʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ LTE DL, ʩʦʜʝʨʞʘʱʝʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʳ ʠ ʩʣʫʞʝʙʥʳʝ ʩʠʤʚʦʣʳ ʠ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʦʪ ɹʉ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.6 [53, 64]. 

 ʀʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʘʧʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʯʘʣʝ 

ʨʘʟʜʝʣʘ 1, ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʥʠʤʠ ʧʦʵʪʘʧʥʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʠ LTE 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ï ʧʝʨʚʳʡ ʵʪʘʧ ï ʩʠʤʚʦʣʴʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʦʧʨʝʜʝʣʝʥʠʝ 

ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʩʠʤʚʦʣʦʚ 

ʢʘʜʨʘ, ʧʦʩʳʣʘʝʤʦʛʦ ɹʉ ʚ ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ; ʦʮʝʥʢʘ ʜʨʦʙʥʦʡ ʯʘʩʪʠ 

ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ [16, 28];  

ï ʚʪʦʨʦʡ ʵʪʘʧ ï ʮʠʢʣʦʚʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʧʠʢʘʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʩʠʛʥʘʣʘ PSS, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʚ 7-ʤ OFDM ï ʩʠʤʚʦʣʝ 0-ʛʦ ʠ 10-ʛʦ ʩʣʦʪʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ [1, 16, 53], ʪ. ʝ. ʚ 

ʥʘʯʘʣʝ 1 ʠ 2 ʧʦʣʦʚʠʥʳ ʢʘʜʨʘ (ʨʠʩʫʥʦʢ 1.6). ɺ ʪʝʭʥʦʣʦʛʠʠ LTE PSS ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

3-ʭ ʚʘʨʠʘʥʪʘʭ ʠ ʧʦʩʪʨʦʝʥ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ɿʘʜʦʚʘ ï ʏʫ (ὤὅ 

(ό, ὑ)), ʛʜʝ ό ï ʟʥʘʯʝʥʠʝ ʢʦʨʥʝʡ: ό ςυȟςωȟστȠ ὑ φς ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ, 

ʤʦʜʫʣʠʨʫʶʱʠʭ ὔ φς ʧʦʜʥʝʩʫʱʠʭ ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ 

LTE DL. ʕʪʦ ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, -ʪʳʡ ʵʣʝʤʝʥʪ ʢʦʪʦʨʳʭ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1.7) [1, 53] 
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Ὠ Ὧ
ÅØÐὮ

ˉ ᶻ
ȟὯ πȟρȟȢȢȢσπȠ

ÅØÐὮ
ˉ ᶻ

ȟὯ σρȟσςȢȢȢφρȢ
     (1.7).

  

 

ʈʠʩʫʥʦʢ 1.6 ï ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ LTE DL, 

ʦʪʨʘʞʘʶʱʘʷ ʨʝʩʫʨʩʥʫʶ ʩʝʪʢʫ ʢʘʜʨʘ (ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ï ʚʨʝʤʝʥʥʘʷ ʦʩʴ ʩʠʤʚʦʣʦʚ 

ʢʘʜʨʘ, ʧʦ ʚʝʨʪʠʢʘʣʠ ʯʘʩʪʦʪʥʘʷ ʦʩʴ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ) 

 

 ʎʠʢʣʠʯʝʩʢʘʷ ɸʂʌ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ZC ʠʤʝʝʪ ʚʠʜ ŭ-ʬʫʥʢʮʠʠ ʩ ʥʫʣʝʚʳʤ 

ʟʥʘʯʝʥʠʝʤ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ, ʪ.ʝ. ʦʙʣʘʜʘʝʪ ʠʜʝʘʣʴʥʳʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1]. ɺʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʠʢʘ ɺʂʌ ʧʨʠʥʷʪʦʛʦ ʠ ʵʪʘʣʦʥʥʦʛʦ 

ʩʠʛʥʘʣʦʚ PSS ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʛʨʫʙʫʶ ʚʨʝʤʝʥʥʫʶ ʧʨʠʚʷʟʢʫ ʢ ʛʨʘʥʠʮʘʤ 

ʧʦʣʫʢʘʜʨʘ ʠ ʦʮʝʥʢʫ ʮʝʣʦʡ ʯʘʩʪʠ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ 

ʩʠʤʚʦʣʦʚ ʧʨʠʥʷʪʦʛʦ ʢʘʜʨʘ LTE [1, 16, 53]. ʕʪʘʣʦʥʥʳʝ ʩʠʛʥʘʣ rPSS ʩʯʠʪʘʪʁʩʷ 

ʠʟʚʝʩʪʥʳʤʠ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ [16, 28]; 

ï ʪʨʝʪʠʡ ʵʪʘʧ ï ʢʘʜʨʦʚʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ï ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʧʠʢʘ ɺʂʌ ʧʨʠʥʷʪʦʛʦ ʠ ʵʪʘʣʦʥʥʦʛʦ 

ʩʠʛʥʘʣʦʚ SSS (Secondary synchronization signal ï ʚʪʦʨʠʯʥʳʡ ʩʠʥʭʨʦʩʠʛʥʘʣ), 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ 2-ʭ  31-ʵʣʝʤʝʥʪʥʳʭ  ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʠ ʠʭ ʮʠʢʣʠʯʝʩʢʠʭ 

ʩʜʚʠʛʘʭ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ 6-ʤ OFDM ï ʩʠʤʚʦʣʝ 0-ʛʦ ʠ 10-ʛʦ ʩʣʦʪʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʢʘʜʨʘ ʠ ʤʦʜʫʣʠʨʫʶʱʠʭ ʪʘʢʞʝ 62 ʧʦʜʥʝʩʫʱʠʭ [53]. ʇʦʩʢʦʣʴʢʫ  ὓ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ SSS ʚ 0 ʠ 10 ʩʣʦʪʘʭ ʨʘʟʣʠʯʥʳ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ 

ʧʠʢʠ SSS ʧʦʚʪʦʨʷʶʪʩʷ ʯʝʨʝʟ 20 ʩʣʦʪʦʚ, ʪ.ʝ. ʩ ʧʝʨʠʦʜʦʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʜʨʘ. ʕʪʦ 
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ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʨʝʤʝʥʥʫʶ ʧʨʠʚʷʟʢʫ ʢ ʥʘʯʘʣʫ ʢʘʜʨʘ, ʪ.ʝ. ʟʘʚʝʨʰʠʪʴ ʧʨʦʮʝʩʩ 

ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʂʦʤʧʝʥʩʘʮʠʷ ʯʘʩʪʦʪʥʳʭ ʩʜʚʠʛʦʚ ʧʦʜʥʝʩʫʱʠʭ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦʵʪʘʧʥʦ, ʥʘʯʠʥʘʷ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ, ʠʟ ʢʚʘʜʨʘʪʫʨ 

ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʜʨʦʙʥʫʶ ʯʘʩʪʴ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ 

ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʥʘʯʘʣʘ ʧʦʣʫʢʘʜʨʘ LTE, ʧʦʣʦʞʝʥʠʝ ʥʘʯʘʣʘ ʩʠʤʚʦʣʘ SSS 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʜʚʠʛʦʤ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ ʥʘʟʘʜ (ʚʣʝʚʦ ʧʦ ʦʩʠ 

ʚʨʝʤʝʥʠ) ʦʪ ʥʘʯʘʣʘ ʩʠʥʭʨʦʩʠʛʥʘʣʘ PSS. 

ʂʘʜʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1.6 ʜʣʠʪʝʣʴʥʦʩʪʴʶ 10ʤʩ, ʩʦʩʪʦʠʪ ʠʟ 10 

ʧʦʜʢʘʜʨʦʚ (Subfr0 ï Subfr9), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ 2 ʩʣʦʪʘ (Sl0, Sl1) ʧʦ 7 

ʩʠʤʚʦʣʦʚ ʩ ʥʦʨʤʘʣʴʥʳʤ ʎʇ. ɺʘʨʠʘʥʪʳ ʜʣʠʥʳ ʎʇ (ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʨʘʩʰʠʨʝʥʥʦʛʦ) 

ï ʦʪ 1/14 ʜʦ ı ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ OFDM ʩʠʤʚʦʣʦʚ ʥʘʛʣʷʜʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [1]. ʅʘ ʨʠʩʫʥʢʝ 1.7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʤʚʦʣʘ OFDM, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠ ʎʇ.  

 

 
ʈʠʩʫʥʦʢ 1.7 ï OFDM ʩʠʤʚʦʣ 

 

Ὕ Ὕ  Ὕ ȟ 

 

ʛʜʝ Ὕ  ï ʜʣʠʪʝʣʴʥʦʩʪʴ OFDM ʩʠʤʚʦʣʘ; 

Ὕ  ï ʠʥʪʝʨʚʘʣ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʩʠʤʚʦʣʘ; 

Ὕ ï ʠʥʪʝʨʚʘʣ ʎʇ.  

ʇʦ ʛʦʨʠʟʦʥʪʘʣʠ ʢʘʜʨʘ ʦʪʦʙʨʘʞʝʥʳ ʧʦʜʢʘʜʨʳ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʧʦ 

ʚʝʨʪʠʢʘʣʠ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 72 ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ (subcarriers frequences, 

ʜʘʣʝʝ ï Ὢ ), ʨʘʟʙʠʪʳʭ ʥʘ 6 RB. ʂʘʞʜʳʡ RB ʚʢʣʶʯʘʝʪ 12 Ὢ  ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʠ 

7 ʩʠʤʚʦʣʦʚ ï ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʪ.ʝ. 84 ʨʝʩʫʨʩʥʳʭ ʵʣʝʤʝʥʪʘ (resource element, 

ʜʘʣʝʝ ï RE). ʂʘʞʜʳʡ RE ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 OFDM ʩʠʤʚʦʣʫ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠ 
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1 ʧʦʜʥʝʩʫʱʝʡ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ʏʘʩʪʦʪʥʳʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʧʦʜʥʝʩʫʱʠʤʠ ï 

ЎὪ ρυπππː̗ ρȟρφȟυσ ʦʧʨʝʜʝʣʷʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

OFDM ʩʠʤʚʦʣʘ: Ὕ
Ў

 66.6667ʤʢʩ. 62 ʮʝʥʪʨʘʣʴʥʳʭ ʧʦʜʥʝʩʫʱʠʭ (ʨʠʩʫʥʦʢ 

1.6) ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ PSS ï ʟʝʣʸʥʳʡ ʮʚʝʪ ʠ SSS ï ʞʸʣʪʳʡ ʮʚʝʪ RE. ɼʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ɹʉ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 2 ʩʠʤʚʦʣʘ ʠʟ RE ʩʠʥʝʛʦ, 

ʩʠʨʝʥʝʚʦʛʦ, ʞʝʣʪʦʛʦ ʮʚʝʪʦʚ ʚ ʥʘʯʘʣʝ ʢʘʞʜʦʛʦ ʧʦʜʢʘʜʨʘ, ʘ ʪʘʢʞʝ 4 OFDM ʩʠʤʚʦʣʘ 

(ʛʦʣʫʙʦʡ ʮʚʝʪ) ʧʦʩʣʝ ʩʠʤʚʦʣʘ PSS ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʛʦ 

ʢʘʥʘʣʘ. RE ʢʨʘʩʥʦʛʦ ʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ï ʨʝʬʝʨʝʥʩʥʳʝ ʩʠʤʚʦʣʳ (Reference signals, 

ʜʘʣʝʝ ï RS), ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʘ ʩʚʷʟʠ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. RE ʙʝʣʦʛʦ ʮʚʝʪʘ ï ʩʚʦʙʦʜʥʳʝ 

ʩʠʤʚʦʣʳ, ʟʘʧʦʣʥʷʝʤʳʝ ʜʘʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʧʣʘʥʠʨʦʚʘʥʠʶ ɹʉ. 

ʉʪʘʥʜʘʨʪ ʪʝʭʥʦʣʦʛʠʠ LTE [1, 53] ʦʧʨʝʜʝʣʷʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ OFDM ʩʠʤʚʦʣʦʚ 

ʩ ʥʦʨʤʘʣʴʥʳʤ ʎʇ Ὕ
Ў

φφȟφχ̍̋τ̒ȟχ̍̋ ̒ χρȟσχ̍̋̒Ȣ   ɹʘʟʦʚʘʷ 

ʚʝʣʠʯʠʥʘ ʯʘʩʪʦʪ rʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ [53] Ὂ  σπȟχς˸˥ͼ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʠʦʜʫ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ σȢςυυϽρπ .ͫ ʊʦʛʜʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʯʘʩʪʴ OFDM ʩʠʤʚʦʣʦʚ ʩʦʜʝʨʞʠʪ 2048 ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ, ʥʦʨʤʘʣʴʥʳʡ ʎʇ ï 144 

ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʘ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ, 

ʚʢʣʶʯʘʶʱʝʡ 72 ʧʦʜʥʝʩʫʱʠʭ  ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 1080 

ʢɻʮ, ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʩʦʢʨʘʱʘʝʪʩʷ ʚ 16 ʨʘʟ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʷ 

ʠʥʪʝʨʚʘʣʘ Ὕ  137 ʚʨʝʤʝʥʥʳʤ ʦʪʩʯʝʪʘʤ (ʜʣʷ ʎʇ 2 ï 7 ʩʠʤʚʦʣʦʚ ʩʣʦʪʘ ï 9 

ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ, ʜʣʷ ʎʇ 1-ʛʦ ʩʠʤʚʦʣʘ ʩʣʦʪʘ ï 10 ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ) [16, 

53]. ʇʝʨʠʦʜ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʚ ʵʪʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ Ὕ σȟςυυϽρπ Ͻͫρφ

υȟςρϽρπ .ͫ  

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ï ʧʦ ʧʠʢʘʤ ɺʂʌ SSS ʚʨʝʤʝʥʥʦʝ 

ʧʦʣʦʞʝʥʠʝ SSS ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʧʦʣʦʞʝʥʠʝʤ PSS ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʘʢ ʜʣʷ ʚʘʨʠʘʥʪʘ FDD (Frequency Division Duplex ï ʜʫʧʣʝʢʩ 

ʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ) , ʪʘʢ ʠ ʜʣʷ TDD (Timing Division Duplex ï 

ʜʫʧʣʝʢʩ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ); ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʛʨʫʙʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʩʠʤʚʦʣʘ SSS. 



34 

 

ɺʪʦʨʠʯʥʳʝ ʩʠʥʭʨʦʩʠʛʥʘʣʳ SSS ʩʦʩʪʦʷʪ ʠʟ 2-ʭ ʢʦʥʢʘʪʝʥʠʨʦʚʘʥʥʳʭ 31-ʵʣʝʤʝʥʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ  ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʠʭ ʨʘʟʣʠʯʥʳʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ.   ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘʯʘʣʘ ʢʘʜʨʘ LTE 

DL ʚʦʟʤʦʞʥʘ ʦʙʨʘʙʦʪʢʘ ʝʱʝ ʦʜʥʦʛʦ ʧʦʣʫʢʘʜʨʘ, ʪ.ʢ. SSS ʚ ʧʦʣʫʢʘʜʨʘʭ ʨʘʟʣʠʯʥʳ ʠ 

ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʠʟ ʥʠʭ ʟʘʢʦʜʠʨʦʚʘʥ ʧʝʨʚʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ɹʉ ὔ . ʇʦʣʦʞʝʥʠʝ 

ʥʘʯʘʣʘ ʢʘʜʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʠʤʝʥʥʦ ʵʪʦʛʦ SSS [53]. ʇʨʠʤʝʨ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʜʘ, ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʚ SSS, ʨʘʩʩʤʦʪʨʝʥ ʚ [65]. ʇʦʣʥʳʡ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ɹʉ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʚʳʨʘʞʝʥʠʠ (1.8)  

 

ὔ σὔ ὔ ȟ ρȢψ 

 

ʛʜʝ ὔ ï ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʛʨʫʧʧʳ πȣρφχ, ʦʧʨʝʜʝʣʷʝʤʳʡ SSS; 

ὔ  ï ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʝʢʪʦʨʘ πȟρȟς, ʦʧʨʝʜʝʣʷʝʤʳʡ PSS.  

ʂʘʞʜʘʷ ɹʉ ʬʦʨʤʠʨʫʝʪ 504 ʩʦʪʦʚʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʚ 168 

ʛʨʫʧʧ ʧʦ 3 ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚ ʢʘʞʜʦʡ [53].  

ɿʘʚʝʨʰʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʛʨʫʙʦʡ ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʜʦʧʫʩʪʠʤʦʡ 

ʪʦʯʥʦʩʪʴʶ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʥʠʤʘʝʪʩʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʚʨʝʤʝʥʥʦʤʫ 

ʧʦʣʦʞʝʥʠʶ ʥʘʯʘʣʘ ʧʦʣʫʢʘʜʨʘ LTE DL, ʪ.ʝ. ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ 

ʧʦʣʦʞʝʥʠʶ ʧʠʢʘ ɺʂʌ PSS. ʊʨʝʭʵʪʘʧʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʦʪʚʝʯʘʝʪ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʝʝ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʘʭ [17].   

ʅʝʜʦʩʪʘʪʦʢ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ LTE ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʨʚʘʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʷʪʦʛʦ ʢʘʜʨʘ 

ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ʧʦ ʧʠʢʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ) ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

ʆʉʐ ʤʝʥʝʝ ρχ̅ˎ [48] ʠ ʧʨʝʦʙʣʘʜʘʥʠʠ "ʙʳʩʪʨʳʭ" ʟʘʤʠʨʘʥʠʡ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ, 

ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʝʝ ʚʨʝʤʷ ʚʭʦʞʜʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʤ. 

ɺ ʪʝʭʥʦʣʦʛʠʠ LTE ʟʘʣʦʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʙʝʟ 

ʧʝʨʚʦʛʦ ʵʪʘʧʘ, ʪ. ʝ. ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʛʦ ʵʪʘʧʘ (ʧʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʧʠʢʘʤ PSS).  

ʆʜʥʘʢʦ ʧʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʚʭʦʞʜʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʤ ʥʘ ʵʪʘʧʘʭ 
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ʛʨʫʙʦʡ ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ 

ʚʨʝʤʝʥʥʳʭ ʚʳʙʦʨʦʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝ ʤʝʥʝʝ ψ ʦʮʝʥʦʢ ɺʂʌ PSS, (ʷʚʣʷʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʯʠʩʣʘ ʫʩʨʝʜʥʷʝʤʳʭ ʧʠʢʦʚ ɺʂʌ PSS ʧʦ ʚʝʣʠʯʠʥʝ ʠ 

ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʚ ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ) [18].     

ʊʨʝʭʵʪʘʧʥʳʡ ʘʣʛʦʨʠʪʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩʦʜʝʨʞʠʪ 

ʥʝʢʦʪʦʨʫʶ ʜʦʣʶ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ.   

ɺ ʪʝʭʥʦʣʦʛʠʠ LTE ʜʣʷ ʚʘʨʠʘʥʪʘ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʧʝʨʠʦʜʦʚ ʛʨʫʙʦʡ ʠ ʪʦʯʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ï 200é350 ʤʩ ʧʨʠ 

˛˞˥ͯπ ɀ ς̅ˎ [1]. ʕʪʦʪ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʚʢʣʶʯʘʝʪ ʪʨʠ ʵʪʘʧʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ɹʉ, ʵʪʘʧ ʧʝʨʝʭʦʜʘ ʚ 

ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʦʙʨʘʙʦʪʢʠ ʢʘʜʨʘ ʧʫʪʝʤ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ɹʇʌ ʠ 

ʚʳʯʠʩʣʝʥʠʝ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʢʚʘʣʘʡʟʝʨʘ ʧʦ ʜʘʥʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʘ, ʧʦʣʫʯʝʥʥʳʭ ʩ ɹʉ, ʘ ʪʘʢʞʝ ʵʪʘʧ ʦʙʤʝʥʘ ʩʣʫʞʝʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ɹʉ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ.  

 

 

 

1.5 ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʪʦʯʥʦʩʪʠ ʢ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ  

 

 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʠʦʜʦʤ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʩʠʛʥʘʣʘ Ὕȟ ʛʜʝ Ὕ ï ʚʨʝʤʝʥʥʦʡ 

ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʦʪʩʯʸʪʘʤʠ  ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʜʘʣʝʝ 

ï ɸʎʇ), ʪ. ʝ. ʚʝʣʠʯʠʥʘ υȟςϽρπ ,ͫ ʦʙʨʘʪʥʘʷ ʯʘʩʪʦʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

Ὂȟ  ʦʧʨʝʜʝʣʷʝʤʦʡ ʠʟ ʰʠʨʠʥʳ ʨʘʙʦʯʝʡ ʧʦʣʦʩʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ  

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ  ʩʪʘʥʜʘʨʪʘ LTE [16, 53]. ɺ ʩʠʩʪʝʤʘʭ OFDM ʜʦʧʫʩʢʘʶʪʩʷ 

ʦ ʠhʙʢʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ ʦʪ ʯʘʩʪʦʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ 

ʧʦʜʥʝʩʫʱʠʤʠ [1]. ʉʪʘʥʜʘʨʪʦʤ IEEE 1588-2008 ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʝʜʘʯʘ 

ʪʦʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʝʪʦʢ ʦʪ ʚʝʜʫʱʝʛʦ ʩʠʥʭʨʦʫʩʪʨʦʡʩʪʚʘ ʢ ʚʝʜʦʤʦʤʫ ʧʦ 

ʘʩʠʥʭʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʝʜʠʥʦʡ ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʩʝʡ ʩʝʪʠ ʙʘʟʦʚʳʭ 
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ʩʪʘʥʮʠʡ. ʄʦʙʠʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩ ɹʉ ʧʝʨʝʜʘʶʪʩʷ ʩʠʥʭʨʦʩʠʛʥʘʣʳ, 

ʚʢʣʶʯʘʝʤʳʝ ʚ ʬʦʨʤʘʪ ʢʘʜʨʘ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ʈʘʟʨʘʙʦʪʯʠʢʠ ʩʠʩʪʝʤ ʩʚʷʟʠ 

ʜʦʣʞʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ɹʉ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ 

ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ [66].  

ɺ ʨʘʙʦʪʝ ʟʘ ʧʨʝʜʝʣʳ ʪʦʯʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠʥʠʤʘʶʪʩʷ ʢʨʠʪʝʨʠʠ 

ʩʪʘʥʜʘʨʪʘ IEEE 1588-2008 ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ɹʉ. ʊʦʯʥʦʩʪʴ ʬʘʟʦʚʦʡ ʠ ʚʨʝʤʝʥʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ʬʘʟʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʤʝʞʜʫ ɹʉ ʠ ʩʦʩʝʜʥʠʤʠ ʩʦʪʘʤʠ) ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʘ ʫʨʦʚʥʝ Ὠ†=3 ʤʢʩ [67]. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʚʚʝʜʝʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ 

ʧʨʝʜʝʣʘ ʪʦʯʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ Ñ1,5 ʤʢʩ ʬʘʟʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ [68], ʯʪʦ ʜʣʷ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʢʘʜʨʘ LTE DL ʩʦʩʪʘʚʣʷʝʪ ͯ σ ʚʨʝʤʝʥʥʳʭ 

ʦʪʩʯʝʪʘ ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ. ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ~2,25% ʦʪ 

ʟʥʘʯʝʥʠʷ ЎὪ ρυ πππː̗ ʤʝʞʜʫ ʧʦʜʥʝʩʫʱʠʤʠ ʚ ʩʪʘʥʜʘʨʪʝ LTE [53]. ʊʦʯʥʦʩʪʴ 

ʬʘʟʦʚʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʜʚʠʥʫʪʦʡ ʪʝʭʥʦʣʦʛʠʠ LTE-Advanced 

ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʫʨʦʚʥʝ Ὠ†=5 ʤʢʩ [69], ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ͯ ρπ ʚʨʝʤʝʥʥʳʭ 

ʦʪʩʯʝʪʦʚ, ʪ. ʝ. ʙʦʣʴʰʝ ʧʨʝʜʝʣʘ ʪʦʯʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ Ñ1,5 ʤʢʩ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE 

DL ʚ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʧʦʩʪʨʦʝʥʠʷ ʚ ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ɸɹɻʐ ʩ 

ʆʉʐ 0 ï 50ʜɹ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʤʝʱʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʦʪ ʠʭ ʠʜʝʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʦʩʪʠʛʘʝʪ ~20 ʦʪʩʯʝʪʦʚ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʘ ʫʤʝʥʴʰʝʥʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ɸʂʌ ʎʇ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ 

ʩʠʤʚʦʣʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʜʦʩʪʠʞʝʥʠʶ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. 

ʇʨʝʜʝʣ ʪʦʯʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ ʩʠʤʚʦʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ Ñ 2 

ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʘ ï Ὠ† ρȟπτϽρπ ʩ, ʪ.ʝ. ~ ʚ 1,5 ʨʘʟʘ  ʤʝʥɹh ʝ Ñ1,5 ʤʢʩ 

[68], ʯʪʦ ʚ ~10 ʨʘʟ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʚ ʙʘʟʦʚʦʤ 

ʚʘʨʠʘʥʪʝ ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ. ʊ. ʦ., ʨʝʰʘʝʤʳʝ ʟʘʜʘʯʠ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʸʪ ʩʦʢʨʘʱʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʫʩʨʝʜʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ 
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ʦʪʩʯʸʪʦʚ ʢʘʜʨʘ LTE DL ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʷʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ. 

 

 

 

1.6 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ OFDM ʪʝʭʥʦʣʦʛʠʠ 

 

 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʩʠʤʚʦʣʴʥʦʡ ʠ ʢʘʜʨʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ɹʉ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩʠʩʪʝʤ ʩʚʷʟʠ ʩʪʘʥʜʘʨʪʘ LTE ʚ ʫʩʣʦʚʠʷʭ 

ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ. 

ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʢʘʜʨʦʚ LTE 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʠʝʤʘ (ʬʘʟʦʚʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ) ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʢʘʜʨʦʤ ʈʵʣʝʝʚʩʢʦʛʦ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʟʘʤʠʨʘʥʠʷʤʠ ʠ 

ʜʦʙʘʚʣʝʥʠʝʤ ɸɹɻʐ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʝʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʢʘʜʨʘ LTE 

DL. ʇʦʛʨʝʰʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ï ʩʪʘʪʠʯʝʩʢʘʷ ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʠʩʪʝʤʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʠ ʩʭʝʤʦʡ ʬʘʟʦʚʦʡ 

ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ (ʜʘʣʝʝ ï ʌɸʇʏ) ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 

ɺʩʝ ʦʧʝʨʘʮʠʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʧʨʦʚʦʜʷʪʩʷ ʧʦʩʣʝ 

ʬʠʣʴʪʨʘʮʠʠ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʚ ʧʨʠʝʤʥʠʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʬʘʟʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʝʩʫʱʝʡ, ʘ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ ʌɸʇʏ [70, 71].  

ʇʦʩʪʘʥʦʚʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ï ʤʠʥʠʤʠʟʘʮʠʶ ʦʮʝʥʢʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʚʭʦʞʜʝʥʠʷ ʚ 

ʩʠʥʭʨʦʥʠʟʤ ὓρὝ  ʥʘ ʵʪʘʧʝ ʩʠʤʚʦʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ; 

ï ʚʳʙʦʨ ʠʥʪʝʨʚʘʣʘ "ʦʢʥʘ" ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʢʘʜʨʘ, ʤʠʥʠʤʠʟʠʨʫʶʱʝʛʦ 

ʚʝʣʠʯʠʥʫ ὓρὝ  ʜʣʷ ʚʘʨʠʘʥʪʘ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʚʘʨʠʘʥʪʘ 

ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʂʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʚʭʦʞʜʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʤ ὓρὝ  ʥʘ ʵʪʘʧʝ 
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ʩʠʤʚʦʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ OFDM ʩʠʤʚʦʣʦʚ. ɼʣʷ ʚʘʨʠʘʥʪʘ ʧʝʨʚʦʛʦ 

ʚʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʫʯʠʪʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʧʦ ʧʠʢʫ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ɺʂʌ PSS ʚʦ ʚʨʝʤʝʥʥʳʭ ʛʨʘʥʠʮʘʭ ʚʳʙʨʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

"ʦʢʥʘ" ʧʨʠʝʤʘ, ʤʘʨʢʠʨʫʶʱʝʤʫ ʥʘʯʘʣʦ ʧʦʣʫʢʘʜʨʘ LTE ʠ ʟʘʢʘʥʯʠʚʘʶʱʝʛʦ ʧʨʦʮʝʩʩ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 

ὓρὝ ÍÉÎ
ȟȟ

ήϽάϽὒ ὰϽὝȟ 

 

ʛʜʝ ή ï ʥʦʤʝʨ ʢʘʜʨʘ, π ή ὔ ȟ 

 ὔ  ς ʯʠʩʣʦ ʢʘʜʨʦʚ ʚ "ʦʢʥʝ" ʧʨʠʝʤʘ,  

ά ï ʥʦʤʝʨ ʩʠʤʚʦʣʘ, π ά ὓȟ 

ὓ ï ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ ʚ ʢʘʜʨʝ, 

ὒ  ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʚ ʩʠʤʚʦʣʝ OFDM ʩʪʘʥʜʘʨʪʘ LTE, ʚʢʣʶʯʘʷ 

ʎʇ, ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ, ʪ.ʝ. ὒ ρσχ [16], 

ὰ ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ; 

Ὕ ï ʧʝʨʠʦʜ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ. 

ʆʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʚʳʙʨʘʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʨʠʸʤʘ 

ʠ ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʷʪʦʛʦ ʢʘʜʨʘ ʠ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

ʇʘʨʘʤʝʪʨʳ "ʦʢʥʘ" ʧʨʠʸʤʘ ʠ ʦʙʨʘʙʦʪʢʠ. 

ï ɼʣʠʪʝʣʴʥʦʩʪʴ "ʦʢʥʘ" Ὕ  ʧʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ "ʩʥʠʟʫ" 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʥʪʝʨʚʘʣʦʤ ʧʦʣʦʚʠʥʳ ʢʘʜʨʘ LTE DL πȟυὝ  ʤʝʞʜʫ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘʤʠ PSS  Ὕ   πȟυὝ ȟ ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʘʠʥʝ ʯʠʩʣʘ 

ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʢʘʜʨʘ ὔ  ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʪ.ʝ. ὔ  Ó 

ὔ   ʠʣʠ 70 OFDM ʩʠʤʚʦʣʘʤ LTE DL ʧʦʣʫʢʘʜʨʘ. ɺʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ 

ʛʨʘʥʠʮ "ʦʢʥʘ" ʚ ʧʨʝʜʝʣʳ ʠʥʪʝʨʚʘʣʘ ʩʠʤʚʦʣʘ PSS ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʰʠʨʝʥʠʝ "ʦʢʥʘ" 

ʥʘ ʚʝʣʠʯʠʥʫ ʠʥʪʝʨʚʘʣʘ ʦʪ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ ʜʦ ʦʜʥʦʛʦ ʩʣʦʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ "ʦʢʥʘ", ʪ.ʝ. πȟυὝ Ὕ  πȟυὝ χ ϽὝ . ɺ 

ʚʘʨʠʘʥʪʝ ʧʝʨʚʠʯʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ Ὕ  

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʳʠʛʨʳʰ ʚʦ ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʝ ʧʦʣʫʢʘʜʨʘ ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʧʝʨʚʳʭ ʜʚʫʭ ʵʪʘʧʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʊʨʝʪʠʡ ʵʪʘʧ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʠʢʘ  ˏ˗ˡ  (ʧʦ ʥʘʯʘʣʫ ʢʘʜʨʘ) ʠ 

ʵʪʘʧʳ ʧʝʨʝʭʦʜʘ ʚ ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ ʠ 

ʦʙʤʝʥʘ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ɹʉ ʥʝ ʠʟʤʝʥʷʶʪ ʩʫʤʤʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ὓρὝ Ȣ  

ï ɼʣʠʪʝʣʴʥʦʩʪʴ "ʦʢʥʘ" ʧʨʠ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʥʪʝʨʚʘʣʦʤ "ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ" ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʚ ʦʜʠʥ ʩʣʦʪ, ʪ.ʝ.  

Ὕ  Ὕ ,   ὔ =ωυω ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʧʨʠ ʟʥʘʯʝʥʠʠ  Ὕ πȢυςϽρπ .̒ 

ʏʠʩʣʦ ʧʝʨʝʤʝʱʝʥʠʡ "ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ" ʥʘ ʠʥʪʝʨʚʘʣʝ "ʦʢʥʘ" ʧʨʠʸʤʘ ʦʛʨʘʥʠʯʝʥʦ 

ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʘʥʠʷ ʚ "ʦʯʝʨʝʜʠ" ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ ʩʣʫʯʘʡʥʦʡ 

ʧʦʪʝʨʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ɺʩʝ ʦʧʝʨʘʮʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʨʘ LTE, ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʷ 

ʯʝʨʝʟ ʢʘʥʘʣ ʩʚʷʟʠ ʠ ʦʙʨʘʙʦʪʢʠ ʚ ʧʨʠʸʤʥʠʢʝ ʧʨʦʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 72 

ʮʝʥʪʨʘʣʴʥʳʭ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʢʘʜʨʘ LTE DL ʚ ʜʠʘʧʘʟʦʥʝ 1.08 ʄɻʮ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʨʝʩʫʨʩʥʫʶ ʩʝʪʢʫ ʵʣʝʤʝʥʪʦʚ ʨʘʜʠʦʢʘʜʨʘ ʚ ʚʘʨʠʘʥʪʝ FDD ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʨʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʎʇ OFDM ʩʠʤʚʦʣʦʚ. 

ʋʩʣʦʚʠʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɻʘʫʩʩʦʚʩʢʦʛʦ ʠ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʆʉʐ ʜʠʘʧʘʟʦʥʦʤ  π̅ˎ˛˞ ˥  υπ ̅ Ȣˎ  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʦʟʥʘʯʝʥʳ 

ʜʚʘ ʚʘʨʠʘʥʪʘ: ʧʝʨʚʳʡ ï ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʢʘʥʘʣ ʢʘʜʨʘ LTE 

DL ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʤʧʣʠʪʫʜʥʳʭ ʠʩʢʘʞʝʥʠʷʭ ʧʨʠʥʠʤʘʝʤʳʭ 

ʩʠʛʥʘʣʦʚ ʠ ʚʝʣʠʯʠʥʝ ʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ; ʚʪʦʨʦʡ ï ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʳʭ ʠʩʢʘʞʝʥʠʡ ʠ ʚʣʠʷʥʠʷ ɼʦʧʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ 

ʧʨʠʥʷʪʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʬʘʟʦʚʳʝ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ.  

ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʬʦʨʤʠʨʫʶʪʩʷ ʩʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʠʤʠʪʘʮʠʦʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ 

ʢʘʥʘʣʘ ʩ ʟʘʤʠʨʘʥʠʷʤʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ï ʟʘʜʝʨʞʢʠ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʟʘʜʘʶʪʩʷ ʧʦ ʧʨʘʚʠʣʘʤ: 

ʧʝʨʚʘʷ ʟʘʜʝʨʞʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʚʦʤʫ ʧʫʪʠ, ʨʘʚʥʘ ʥʫʣʶ, ʦʩʪʘʣʴʥʳʝ 

ʩʦʩʪʘʚʣʷʶʪ ʦʪ 100 ʥʩ ʜʦ 10 ʤʢʩ; 
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ï ʤʦʜʝʣʴ ʢʘʥʘʣʘ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʥʝ ʙʦʣʝʝ 100 ʧʫʪʝʡ;  

ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʠʣʝʥʠʷ ʧʫʪʠ ï ʤʝʞʜʫ -20 ʜɹ ʠ 0 ʜɹ. ɿʥʘʯʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʟʘʪʫʭʘʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʝʨʞʢʠ. 

ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʤʦʜʝʣʠ ʢʘʥʘʣʦʚ:   

ï ETU ï Extended Typical Urban model ï ʩʪʘʥʜʘʨʪ LTE ʧʨʦʬʠʣʝʡ ʟʘʜʝʨʞʝʢ ʚ 

ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ; 

ï  EVA ï Extended Vehicular A model ï ʩʪʘʥʜʘʨʪ LTE ʧʨʦʬʠʣʝʡ ʟʘʜʝʨʞʝʢ ʚ 

ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʪʨʘʥʩʧʦʨʪʝ; 

ï  EPA ï Extended Pedestrian A model ï ʩʪʘʥʜʘʨʪ LTE ʧʨʦʬʠʣʝʡ ʟʘʜʝʨʞʝʢ ʚ 

ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʝʰʢʦʤ [72].  

ɺ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʦʠʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʨʘʟʥʠʮʳ 

ʤʝʞʜʫ ʯʠʩʣʦʤ ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ, ʘ ʪʘʢʞʝ ʇʉʇ [73, 74]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʤʝʪʦʜʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ OFDM 

ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL ʧʨʠʤʝʥʷʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ  ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ [25] ʢʘʢ ʤʝʪʦʜ ʟʘʧʦʣʥʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩʠʤʚʦʣʦʚ 

OFDM ʚ ʩʠʩʪʝʤʝ DVB-T2 ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʢʘʥʘʣʘ. 

 

 

 

1.7 ɺʳʚʦʜʳ ʧʦ 1 ʨʘʟʜʝʣʫ 

 

 

 

1 ʇʨʝʜʩʪʘʚʣʝʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ OFDM ʪʝʭʥʦʣʦʛʠʠ, 

ʦʪʤʝʯʝʥʘ ʨʦʣʴ ʎʇ ʩʠʤʚʦʣʦʚ ʚ ʟʘʱʠʪʝ ʦʪ ISI ʚ ʢʘʥʘʣʘʭ ʩ ʟʘʤʠʨʘʥʠʷʤʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʩʠʤʚʦʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ.  

2 ʇʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʤʚʦʣʴʥʦʡ ʠ 

ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʩʚʷʟʠ. ʅʝʜʦʩʪʘʪʦʢ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ: ʚ 

ʢʘʥʘʣʘʭ ʩ ʚʳʩʦʢʠʤ ʆʉʐ (ʙʦʣʝʝ 17 ʜɹ), ʚ ɻʘʫʩʩʦʚʩʢʦʤ ʢʘʥʘʣʝ ʠ ʚ ʢʘʥʘʣʘʭ ʩ 

ʤʝʜʣʝʥʥʳʤʠ ʟʘʤʠʨʘʥʠʷʤʠ. 

3 ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʥʦʛʦʵʪʘʧʥʦʡ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʠ LTE 4G ʧʦʢʦʣʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʝʝ ʧʨʠʤʝʥʝʥʠʷ, 
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ʚʳʷʚʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ ʚ ʩʢʦʨʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʠ 

ʙʘʟʦʚʦʤ ʧʦʩʪʨʦʝʥʠʠ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL.  

4 ʉʬʦʨʤʫʣʠʨʦʚʘʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʠ ʫʤʝʥʴʰʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʚʭʦʞʜʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʤ 

ὓρὝ  ʟʘ ʩʯʸʪ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ "ʦʢʥʘ" ʧʨʠʸʤʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʢʘʜʨʘ LTE DL ʚ ʚʘʨʠʘʥʪʘʭ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʆʧʨʝʜʝʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ "ʦʢʥʘ" ʧʨʠʸʤʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠ ʫʩʣʦʚʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʜʨʘ LTE DL ɻʘʫʩʩʦʚʩʢʦʛʦ ʠ 

ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. 
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2 ʈɸɿʈɸɹʆʊʂɸ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ʉʀʅʍʈʆʅʀɿɸʎʀʀ LTE 

ʂɸɼʈɸ ʇʆ ɻʈɸʅʀʎɸʄ OFDM ʉʀʄɺʆʃʆɺ ʅɸ ʌʀɿʀʏɽʉʂʆʄ ʋʈʆɺʅɽ 

 

 

 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇ ʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ OFDM 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʩ "ʭʦʨʦʰʠʤʠ" ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʣʠʙʦ ʠʭ 

ʩʫʤʤʦʡ ʩ ʜʚʦʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ OFDM. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʢʨʠʪʝʨʠʠ ʠʭ ʚʳʙʦʨʘ.  

 

 

 

2.1 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ  

ʩ OFDM ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

 

 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʠ ʚʭʦʞʜʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʤ ʚ ʨʘʙʦʪʝ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ OFDM ʢʘʜʨʘ LTE 

DL, ʥʘ ʢʦʪʦʨʦʡ ʚʳʜʝʣʝʥ r ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʠʤʚʦʣʦʚ ʠ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 4-ʭ ʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʩʝʪʝʡ ʩʚʷʟʠ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ (Next 

Generation Networks, ʜʘʣʝʝ ï NGN) [6], ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʧʨʘʚʠʣʘʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ [6, 12, 75, 76]. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʝʪʝʡ 

NGN ʜʣʷ ʩʠʩʪʝʤ ʩʚʷʟʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʣʶʙʳʭ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʧʝʨʝʜʘʯʝ ʢʘʜʨʘ 

OFDM ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ. 

ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʩʠʛʥʘʣʦʚ ʩ OFDM ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʚʢʣʶʯʘʶʱʘʷ 12 ʤʦʜʫʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 2.1. ɺ ʮʝʥʪʨʝ ʨʠʩʫʥʢʘ 2.1 ʤʦʜʫʣʝʤ 13 ʧʨʝʜʩʪʘʚʣʝʥʦ ï ʛʨʘʬʠʯʝʩʢʘʷ 
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ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ LTE DL.  

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ OFDM ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ OFDM 

ʫʯʠʪʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇ ʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ OFDM 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʩ "ʭʦʨʦʰʠʤʠ" ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʦʡ ʞʝ 

ʜʣʠʥʳ, ʣʠʙʦ ʠʭ ʩʫʤʤʦʡ ʩ ʜʚʦʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ OFDM, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ ɸʂʌ ʎʇ, ʘ ʪʘʢʞʝ 

ʚʢʣʶʯʝʥʠʝʤ ʵʪʘʧʘ ʩʠʤʚʦʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠʥʷʪʦʛʦ ʚʨʝʤʝʥʥʦʛʦ "ʦʢʥʘ" 

ʢʘʜʨʘ ʧʦ ʧʦʣʦʞʝʥʠʶ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ OFDM, ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʧʦʣʦʞʝʥʠʝʤ ʧʠʢʦʚ 

ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ.  

ɼʣʠʪʝʣʴʥʦʩʪʴ ʎʇ ʠ ʧʝʨʝʥʦʩʠʤʦʛʦ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ 

ʪʝʭʥʦʣʦʛʠʠ ʢʘʜʨʘ [1, 15, 16, 53]. 

ɿʘʧʦʣʥʝʥʠʝ ʢʦʥʮʘ ʩʠʤʚʦʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʩ "ʭʦʨʦʰʠʤʠ" 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʦʧʫʩʢʘʝʪʩʷ ʜʣʷ ʩʠʤʚʦʣʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ 



44 

 

ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ, 

ʠ ʪʦʣʴʢʦ ʜʣʷ "ʧʫʩʪʳʭ" ʩʠʤʚʦʣʦʚ, ʪ.ʝ. ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ 

ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ.  

ɿʘʧʦʣʥʝʥʠʝ ʢʦʥʮʘ ʩʠʤʚʦʣʘ ʩʫʤʤʦʡ ʜʚʦʠʯʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ "ʭʦʨʦʰʠʤʠ" ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʜʦʧʫʩʢʘʝʪʩʷ ʜʣʷ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʩʣʫʞʝʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʧʨʠ ʫʩʣʦʚʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʢʦʥʮʘ 

ʩʠʤʚʦʣʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ ʧʨʠʸʤʝ ʢʘʜʨʘ.  

ɺ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʤ ʤʥʦʞʝʩʪʚʝʥʥʳʡ 

ʜʦʩʪʫʧ ὴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʚʳʨʘʞʝʥʠʷʤʠ. 

ɺʭʦʜʥʳʝ ʩʦʦʙʱʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ρȣὴ ὦ πȢȢȢὦ Ὥ

ρ ȢȢȢὦ πȢȢȢὦ Ὥ ρ  ʜʣʠʥʦʡ ὭȣὭ ʙʠʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʤʦʜʫʣʝ 1 (ʨʠʩʫʥʦʢ 

2.1) ʧʨʦʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

ï ʢʦʜʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʷ ï

  ὦ πȣ  ὦ Ὥ ρ é   ὦ πȣ  ὦ Ὥ ρ Ƞ 

ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʬʦʨʤʳ ʚ ʧʘʨʘʣʣʝʣʴʥʫʶ ï 

ὛȾὖȣὛȾὖ ȡ ὦ   πȣ ὦ   Ὥ ρ ȣὦ   πȣ ὦ   Ὥ ρ Ƞ 

ï ʤʦʜʫʣʷʮʠʠ ʧʦʜʥʝʩʫʱʠʭ ʨʝʩʫʨʩʥʳʭ ʙʣʦʢʦʚ (ʜʘʣʝʝ ï RB, Resource block) 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ 

ʪʠʧʘʤʠ ʤʦʜʫʣʷʮʠʠ (ὗὖὛὑȟρφὗὃὓ ɀςυφὗὃὓ 

 

 ὦ πϽÅØÐ ς“ὪϽὸȣὦ   Ὥ ρϽÅØÐ ς“ὪϽὸ ȣ  ὦ π

ϽÅØÐ ς“Ὢ Ͻὸȣ  ὦ Ὥ ρϽÅØÐ ς“Ὢ ϽὸȢ 

 

ɺ ʤʦʜʫʣʝ 2 (ʨʠʩʫʥʦʢ 2.1) ʬʦʨʤʠʨʫʝʪʩʷ ʨʝʩʫʨʩʥʘʷ ʩʝʪʢʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ 

ʚ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʤ ʬʦʨʤʘʪʝ ʠʟ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʣʫʞʝʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ɹʉ ï ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ PSS, SSS; ʨʝʬʝʨʝʥʩʥʳʭ ʩʠʛʥʘʣʦʚ RS; 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ Ctrl. ʕʣʝʤʝʥʪʳ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʤʦʜʫʣʠʨʫʶʪ ʧʦʜʥʝʩʫʱʠʝ 
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ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ. ʉʠʤʚʦʣʳ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʦʜʠʬʠʢʘʮʠʠ. 

ɺ ʪʝʭʥʦʣʦʛʠʠ LTE ʧʝʨʝʜʘʚʘʝʤʳʡ ʦʪ ɹʉ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʢʘʜʨ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʯʘʩʪʦʪʥʦ -ʚʨʝʤʝʥʥʦʤ ʬʦʨʤʘʪʝ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ɹʉ ʧʦʣʴʟʦʚʘʪʝʣʷʤ; 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʝʜʠʥʠʮʘ ρ Ὑὄ ρςὪ ϽχὛώάὦέὰψτὙὉȢ ɺʳʨʘʞʝʥʠʝ ʜʣʷ RE 

ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ: 

ὄ  ὄ ȣ ὄ  ὄ  ὄ  ὄ ȣ ὄ  ὄ ȣ  ὄ  ὄ ȣ ὄ  ὄ  

ὄ  ὄ ȣ ὄ  ὄ  ὄ  ὄ ȣ ὄ  ὄ ȣ  ὄ  ὄ ȣ ὄ  ὄ  

Χ 

ὄ  ὄ ȣ ὄ  ὄ  ὄ  ὄ ȣ ὄ  ὄ ȣ  ὄ  ὄ ȣ ὄ  ὄ  

 

ὄ  ὄ ȣ ὄ  ὄ   ὄ  ὄ ȣ ὄ  ὄ ȣ ὄ  ὄ ȣ ὄ  ὄ   

ʛʜʝ ὄ  ï  Ὥ-ʡ ʵʣʝʤʝʥʪ ὴ-ʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʤʦʜʫʣʠʨʫʶʱʠʡ   ὔ-ʶ ʧʦʜʥʝʩʫʱʫʶ  ὴ-ʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ.  

RE, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʤ ʬʦʨʤʘʪʝ, ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ 

ʤʦʜʫʣʷ 3 (ʨʠʩʫʥʦʢ 2.1) ʆɼʇʌ. ʉ ʚʳʭʦʜʘ ʆɼʇʌ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʩʠʛʥʘʣ ʠʟ ὓ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ ʧʦ ὑ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ 

ʩʠʤʚʦʣʝ   ὢ ρȣ ὢ ρ ȣ ὢ ὓȢȢȢὢ ὓ   ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʤʦʜʫʣʷ 4 

(ʨʠʩʫʥʦʢ 2.1). 

ʄʦʜʫʣʴ 4 ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʬʦʨʤʫ ʧʫʪʸʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʥʳʤ ʦʪʩʯʝʪʘʤ 

ʧʦʜʥʝʩʫʱʠʭ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʘʤʠ ὄ , ʥʘ ʠʥʪʝʨʚʘʣʝ ὒ ʦʪʩʯʝʪʦʚ ʩʠʤʚʦʣʘ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ M OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ ʩ ʜʦʧʦʣʥʝʥʠʝʤ ʎʇ ʠʟ Ὃ ʚʨʝʤʝʥʥʳʭ 

ʦʪʩʯʝʪʦʚ, ʧʝʨʝʥʝʩʝʥʥʳʭ ʠʟ ʠʥʪʝʨʚʘʣʘ ʢʦʥʮʘ ʢʘʞʜʦʛʦ ʩʠʤʚʦʣʘ ʚ ʦʙʣʘʩʪʴ ʎʇ  

ὢ ρȣὢ ρȣ ὢ ρȣὢ ρ ȣ ὢ ὓ ȣὢ ὓ ȣὢ ὓ ȣ ὢ ὓ . 

ʉ ʚʳʭʦʜʘ ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʟʥʘʯʝʥʠʷ 

ʦʪʩʯʸʪʦʚ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ὼὸ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ ʤʦʜʫʣʷ 5 

(ʨʠʩʫʥʦʢ 2.1) ï OFDM ʧʝʨʝʜʘʪʯʠʢ, ʨʘʟʜʝʣʷʶʱʠʡ ʠʭ ʟʥʘʯʝʥʠʷ ʥʘ ʩʠʥʬʘʟʥʳʝ ʠ 

ʢʚʘʜʨʘʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʤʦʜʫʣʷʮʠʠ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ Ὢ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʩʠʛʥʘʣʘʤʠ  
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ὼὍὸϽÃÏÓςʌὪ̒Ͻὸ  ὼὗὸϽÓÉÎςʌὪϽὸȢ ɼʘʣʝʝ ʛʨʫʧʧʦʚʦʡ ʩʠʛʥʘʣ (ʜʘʣʝʝ ï ɻʉ) 

ʢʘʜʨʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʧʝʨʝʜʘʪʯʠʢʦʤ (ʤʦʜʫʣʴ 5) ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʩʭʝʤʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʜʫʣʝʤ 6 (ʨʠʩʫʥʦʢ 2.1). ʅʘ ʚʳʭʦʜʝ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ 

ʩʚʷʟʠ ʦʮʝʥʢʘ ʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ ὢὸ В‌ Ͻ ὢὸ

† ϽÅØÐὮς“ϽὪ̒ ЎὪ Ͻὸ ʒ ὔ ὸ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ὢ ὸ ï 

ʦʮʝʥʢʘ ʩʠʛʥʘʣʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ, ʧʨʦʰʝʜʰʝʛʦ ʈʵʣʝʝʚʩʢʠʡ ʢʘʥʘʣ, ὶ ï ʥʦʤʝʨ 

ʧʫʪʠ ʩʠʛʥʘʣʘ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ, ‌  ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ὶ-ʛʦ ʧʫʪʠ, † ï 

ʟʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ὶ-ʤʫ ʧʫʪʠ, ЎὪ ï ʩʜʚʠʛ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ὶ-ʛʦ ʧʫʪʠ, 

ʒ  ï ʥʘʯʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ὶ-ʛʦ ʧʫʪʠ; ὔ ὸ ï ʚʝʣʠʯʠʥʘ 

ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ɸɹɻʐ. 

ʅʘ ʧʨʠʸʤʥʦʡ ʩʪʦʨʦʥʝ ɻʉ ʢʘʜʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʤʦʜʫʣʷ 7 (ʨʠʩʫʥʦʢ 2.1), ʚ 

ʢʦʪʦʨʦʤ ʧʦʩʣʝ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʠ ʝʸ ʬʠʣʴʪʨʘʮʠʠ, ʘ 

ʟʘʪʝʤ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʚ ʧʦʣʦʩʝ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʩʠʛʥʘʣʘ ʚ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ (ʜʘʣʝʝ ï ADC, Analog-to-Digital Comvertion), 

ʥʘʩʪʫʧʘʝʪ ʵʪʘʧ ʛʨʫʙʦʡ ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ.  

ɺ ʚʘʨʠʘʥʪʝ ʧʨʦʪʦʪʠʧʘ ʜʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠ ʙʘʟʦʚʦʤ ʩʧʦʩʦʙʝ 

ʟʘʧʦʣʥʝʥʠʷ ʎʇ ʜʚʦʠʯʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʧʝʨʚʳʡ 

ʵʪʘʧ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʦʞʥʦʡ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ 

ʟʘʩʪʨʦʡʢʠ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ 

ʧʠʢʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʥʝʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ˛˞˥ ρχ ̅  ˎ ʠ 

ʧʨʝʦʙʣʘʜʘʥʠʠ "ʙʳʩʪʨʳʭ" ʟʘʤʠʨʘʥʠʡ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ OFDM, 

ʧʨʦʮʝʩʩ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ɺʂʌ PSS, ʚʳʯʠʩʣʷʝʤʦʡ ʠʟ 

ʚʳʨʘʞʝʥʠʷ (1.5).  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ (ʧʦʜʨʘʟʜʝʣ 1.5) ʚ [18] ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʫʩʨʝʜʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʠʢʘ ˏ˗l  ʧʦ 8 ʠ ʙʦʣʝʝ ʧʝʨʠʦʜʘʤ ʧʦʚʪʦʨʝʥʠʷ PSS, ʪ.ʦ. 

ʠʥʪʝʨʚʘʣ "ʦʢʥʘ" ʧʨʠʸʤʘ ï ʙʦʣʝʝ 4-ʭ ʢʘʜʨʦʚ LTE DL, ʪ.ʝ. ʙʦʣʝʝ 40 ʤʩ. ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʘ ʧʦʣʫʢʘʜʨʘ ʧʦ ʧʦʣʦʞʝʥʠʶ 



47 

 

ʧʠʢʘ ˏ˗l , ʧʦʣʦʞʝʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ SSS ʚʳʯʠʩʣʷʝʪʩʷ ʧʫʪʝʤ 

ʩʜʚʠʛʘ ʥʘʟʘʜ ʥʘ ʠʥʪʝʨʚʘʣ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ ʚ ʨʝʞʠʤʝ ʨʘʟʜʝʣʝʥʠʷ FDD. ɺʂʌ SSS 

ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

 

ˤ˴̅ † ὛὛὛ † ὰϽὛὛὛᶻ ὰȟ                                  ςȢρ 

ʛʜʝ ˤ˴̅  ï ʚʟʘʠʤʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʚʪʦʨʠʯʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʜʣʷ 

ʧʨʠʥʠʤʘʝʤʦʛʦ ὛὛὛ  ʠ ὛὛὛᶻ (ʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʥʦʛʦ ʩ ʵʪʘʣʦʥʥʳʤ  

ʩʠʥʭʨʦʩʠʛʥʘʣʦʤ ὛὛὛ );  

ὰ ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʝʪʘ,  π ὰ ὒ ρȟ   

† ï ʩʜʚʠʛ ʤʝʞʜʫ ʧʨʠʥʠʤʘʝʤʳʤʠ ʠ ʵʪʘʣʦʥʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ. 

ʅʘ ʵʪʘʧʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʠʢʘ ˤ˴̅  ʧʨʠ ʧʝʨʚʠʯʥʦʤ 

ʚʢʣʶʯʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʜʣʷ ʩʠʤʚʦʣʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʱʝʛʦ SSS, 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʚʳʯʠʩʣʝʥʠʷ ɺʂʌ ʩ ρφψ ʵʪʘʣʦʥʥʳʤʠ  ὛὛὛ  [18] ʩʦʛʣʘʩʥʦ 

ʚʳʨʘʞʝʥʠʶ 

 

ˤ˴̅ Ὥ ὙὉὛ ὛὛὛ ὰϽὛὛὛ ȟ
ᶻ Ὥ ȟὰȟὌὊ πȟρȟὭ πȟρȟȢȢȢρφχȟςȢς 

 

ʛʜʝ ὌὊ ï ʟʥʘʯʝʥʠʝ ʥʦʤʝʨʘ ʧʦʣʫʢʘʜʨʘ, 

Ὥ  ï ʥʦʤʝʨ SSS, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʤʝʨʫ ʧʝʨʚʦʛʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ɹʉ (ὔ ), 

ὛὛὛ  ï ʚʨʝʤʝʥʥʦʡ ʩʜʚʠʛ ʜʦ ʥʘʯʘʣʘ SSS, ʚʳʯʠʩʣʷʝʤʳʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʦʞʝʥʠʷ 

PSS, 

ὔ  ï ʟʥʘʯʝʥʠʝ ʧʝʨʚʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ɹʉ, 

ὛὛὛ ȟ  ï ʤʘʪʨʠʮʘ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʨʘʟʤʝʨʥʦʩʪʴʶ ρφψρςψ 

ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ SSS.  

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ PSS, ʜʣʷ SSS ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʚʦʜʠʪʴ ʦʙʥʘʨʫʞʝʥʠʝ. ʆʙʨʘʙʦʪʢʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ PSS ʠ SSS ʧʦʟʚʦʣʷʝʪ 
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ʧʦʣʫʯʠʪʴ ʧʦʣʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ɹʉ ʚ ʪʝʭʥʦʣʦʛʠʠ LTE. ʇʦʣʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

ɹʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ (1.8). 

ʇʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘʯʘʣʘ ʢʘʜʨʘ ʪʝʭʥʦʣʦʛʠʠ LTE, ʧʨʦʮʝʜʫʨʳ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʷʪʦʛʦ ʢʘʜʨʘ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ ʜʦ ʧʦʣʫʯʝʥʠʷ 

ʜʚʦʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ:   

ʚ ʤʦʜʫʣʝ 9 (ʨʠʩʫʥʦʢ 2.1) ʧʨʦʚʦʜʠʪʩʷ ʫʜʘʣʝʥʠʝ ʎʇ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ; 

- ʚ ʤʦʜʫʣʝ 10 (ʨʠʩʫʥʦʢ 2.1) ʧʨʦʚʦʜʠʪʩʷ ʧʨʷʤʦʝ ʜʠʩʢʨʝʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (ʜʘʣʝʝ ï ɼʇʌ); 

- ʚ ʤʦʜʫʣʝ 11 (ʨʠʩʫʥʦʢ 2.1) ʧʨʦʚʦʜʠʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ 

ʢʘʜʨʘ; 

- ʚ ʤʦʜʫʣʝ 12 (ʨʠʩʫʥʦʢ 2.1) ʧʨʦʚʦʜʠʪʩʷ ʜʝʤʦʜʫʣʷʮʠʷ ʜʘʥʥʳʭ; 

ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ; ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʠ ʧʦʣʫʯʝʥʠʝ 

ʧʝʨʝʜʘʥʥʦʡ ʜʚʦʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠȢ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʘʜʨʘ OFDM 

ʩʠʤʚʦʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʤʦʜʫʣʝ 8 (ʨʠʩʫʥʦʢ 2.1), ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʥʝʝ 

ʠʟʚʝʩʪʥʳʭ [1, 15, 16, 53] ʠ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʧʨʦʪʦʪʠʧʘ ʪʝʤ, ʯʪʦ ʚʢʣʶʯʘʝʪ ʵʪʘʧ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ, ʩ ʚʘʨʠʘʥʪʘʤʠ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ 

ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʩ "ʭʦʨʦʰʠʤʠ" 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʣʠ ʠʭ ʩʫʤʤʦʡ ʩ ʜʚʦʠʯʥʳʤʠ ʜʘʥʥʳʤʠ, ʠʩʢʣʶʯʘʷ 

ʤʦʜʠʬʠʢʘʮʠʶ ʩʣʫʞʝʙʥʳʭ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE. ʅʘ ʧʨʠʸʤʥʦʡ ʩʪʦʨʦʥʝ ʜʣʷ ʢʘʜʨʘ 

LTE ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʦʜʠʪʩʷ 3-ʭ ʵʪʘʧʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ [1, 

16], ʦʧʠʩʘʥʥʘʷ ʚ ʧʦʜʨʘʟʜʝʣʝ 1.4. 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʢʘʜʨʘ 

LTE [16]:  
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ˢ˴̅̇ ˽ὰ

ςВ ᾀὔ Ͻὲ ὰ ὫϽᾀᶻὔ Ͻὲ ὰ Ὣ ὒ

В ᾀὔ Ͻὲ ὰ Ὣ В ᾀὔ Ͻὲ ὰ Ὣ ὒ
ȟ          ςȢσ 

 

ʛʜʝ ᾀὰ ï ʢʦʤʧʣʝʢʩʥʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ ʩ ʚʳʭʦʜʘ ɸʎʇ; 

ὲ πȣὛὰρ ï ʥʦʤʝʨ ʩʣʦʪʘ ʚ ʦʢʥʝ ʧʨʠʸʤʘ ʚ ʧʦʣʫʢʘʜʨʝ LTE; 

Ὓὰ ï ʯʠʩʣʦ ʩʣʦʪʦʚ ʥʘ ʠʥʪʝʨʚʘʣʝ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ; 

ὰ πȣὔ ρ ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ ʚ ʩʣʦʪʝ;  

ὒ ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʩʠʤʚʦʣʘ (ὒ ρςψ); 

ὔ  ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʚ ʩʣʦʪʝ ʩ ʫʯʝʪʦʤ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʮʠʤʘʮʠʠ (ʧʨʦʨʝʞʠʚʘʥʠʷ); 

Ὣ πȣὋ ρ ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ ʎʇ, ὫᶰὋ; 

Ὃ ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʥʘ ʠʥʪʝʨʚʘʣʝ ʎʇ; 

" "z ï ʩʠʤʚʦʣ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ.  

ɺ ʩʪʘʥʜʘʨʪʝ LTE ʪʝʭʥʦʣʦʛʠʠ [53] ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ 

ʧʦʜʥʝʩʫʱʠʤʠ ЎὪ ρυ̋ː̗ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ  

Ὕ ρȾЎὪ φφȢφφφχ ̍̋̒ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʰʠʨʠʥʦʡ 

ʧʦʣʦʩʳ ʯʘʩʪʦʪ ρȟπψ ̇ː ̗ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʝʮʠʤʘʮʠʷ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ  

Ὂ ρȟως˙ː̗, Ὧ ρφ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʮʠʤʘʮʠʠ. ʊʦʛʜʘ ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ 

ʦʪʩʯʸʪʦʚ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ OFDM ʩʠʤʚʦʣʦʚ ʨʘʚʥʦ ρςψ ʠ ω ʠʣʠ ρπ 

ʦʪʩʯʝʪʦʚ ʥʘ ʠʥʪʝʨʚʘʣʝ ʎʇ [16]. ʇʨʠʥʠʤʘʝʤʳʡ ʩʠʛʥʘʣ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ρȢπψ ̇ː,̗ 

ʩʦʜʝʨʞʘʱʠʡ ʩʠʥʭʨʦʩʠʛʥʘʣʳ ʠ ʩʣʫʞʝʙʥʳʝ ʩʠʛʥʘʣʳ ɹʉ, ʜʦʣʞʝʥ ʙʳʪʴ 

ʦʪʬʠʣʴʪʨʦʚʘʥ ʬʠʣʴʪʨʦʤ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (ʜʘʣʝʝ ï ʌʅʏ) ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 

ρȟπψ ̇ː.̗ 

ʇʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʦʧʨʝʜʝʣʷʶʪ ʛʨʘʥʠʮʳ OFDM 

ʩʠʤʚʦʣʦʚ "ʦʢʥʘ" ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʢʘʜʨʘ, ʫʩʨʝʜʥʸʥʥʦʛʦ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʠʟ 

ὓ  ʩʠʤʚʦʣʦʚ ʧʦ  ʩʣʦʪʘʤ; Ὓὰ ï ʯʠʩʣʦ ʩʣʦʪʦʚ ʚ ʢʘʜʨʝ. ʇʨʦʮʝʩʩ ʫʩʨʝʜʥʝʥʠʷ ʧʦ 

ʚʨʝʤʝʥʥʳʤ ʦʪʩʯʝʪʘʤ ʧʦʣʫʢʘʜʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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1) ʩʫʤʤʠʨʫʶʪʩʷ ὓ Ͻὒ Ὃ ὔ  ʢʦʤʧʣʝʢʩʥʳʭ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʩʣʦʪʘ 

ʢʘʢ ὔ  ʩʪʦʣʙʮʦʚ ʧʦ Ὓὰ ʩʪʨʦʢʘʤ ʩʣʦʪʦʚ ʚ ʤʘʪʨʠʮʝ ʚʨʝʤʝʥʥʦʛʦ ñʦʢʥʘò ʧʨʠʥʷʪʳʭ 

ʟʥʘʯʝʥʠʡ ʦʪʩʯʸʪʦʚ ᾀὛὰȟὔ ; 

2)  ʟʥʘʯʝʥʠʷ ʦʪʩʯʝʪʦʚ ὰ ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  ὤ ὰ ʜʝʣʷʪʩʷ ʥʘ 

ʯʠʩʣʦ ʩʣʦʪʦʚ ʚ "ʦʢʥʝ" ʧʨʠʝʤʘ  , ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʚʳʨʘʞʝʥʠʠ  

 

ὤ ὰ
ς

Ὓὰ
ίǶὰ ὲ Ͻὔǋ ȟ                                             ςȢτ  

ʛʜʝ ὰ ρȟὔǋȠ  

Ὓὰ ï ʯʠʩʣʦ ʩʣʦʪʦʚ ʚ ʢʘʜʨʝ; 

ὲ  ï ʥʦʤʝʨ ʩʣʦʪʘ, ὲ πȟ ρȠ  ; 

ὤ ὰ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʢʦʤʧʣʝʢʩʥʳʭ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʚʦʛʦ ʩʣʦʪʘ. 

ʇʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʫʩʨʝʜʥʝʥʠʷ (ʚʳʨʘʞʝʥʠʝ (2.4)) ʦʩʫʱʝʩʪʚʣʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ 

ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ (ˍ˗ˡx̃) ὓ  ʩʠʤʚʦʣʦʚ, ὔ ὒϽὓ  ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ, 

ʢʦʪʦʨʳʝ ʫʩʨʝʜʥʝʥʳ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʚ "ʦʢʥʝ" ʧʨʠʸʤʘ, ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ 

 

ˢ˴̅̇ ὤ˽ ὰ

ςВ ὤ ὒ Ὃ Ͻά ὰ ὫϽὤᶻ  ὒ Ὃ Ͻά ὰ Ὣ ὒ

В ὤ ὒ Ὃ Ͻά ὰ Ὣ В ȿὤ ὒ Ὃ Ͻά ὰ Ὣ ὒȿ
ȟςȢυ 

 

ʛʜʝ  ὓ  ï ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ ʚ ʩʣʦʪʝ; ὓ Ȣ   

ʅʘ ʨʠʩʫʥʢʝ 2.2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ 

ʎʇ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʠʟ 7 ʩʠʤʚʦʣʦʚ OFDM (ʜʣʷ ʢʘʜʨʘ ʪʝʭʥʦʣʦʛʠʠ LTE).  
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ʈʠʩʫʥʦʢ 2.2 ï ʄʦʜʫʣʴ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ 7 ʩʠʤʚʦʣʦʚ OFDM  

ʩʣʦʪʘ ʢʘʜʨʘ LTE 

 

ʏʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ὛᾲὛὬὭὪὸὰ ʚ ʧʨʠʥʠʤʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʜʦ ʥʘʯʘʣʘ ʩʣʦʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ [16] 

ὛᾲὛὬὭὪὸὰ ρπ ÁÒÇÍÁØs ˴̅̇ ˽ὰ ȟ                         ςȢφ 

 

ʛʜʝ άὥὼs˴̅̇˽ὰ ï ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʩʣʦʪʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ˢ˴̅̇˽ ʧʝʨʚʦʛʦ 

ʩʠʤʚʦʣʘ ʩʣʦʪʘ;  

ÁÒÇÍÁØ̱˗lˣ˜ὰ  ï ʯʠʩʣʦ ʦʪʩʯʸʪʦʚ ʚʨʝʤʝʥʥʦʛʦ ʩʜʚʠʛʘ ʥʘʯʘʣʘ ʧʝʨʚʦʛʦ 

ʩʣʦʪʘ ʢʘʜʨʘ, ʪ.ʝ. ʛʨʫʙʘʷ ʚʨʝʤʝʥʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʥʘʯʘʣʫ ʩʣʦʪʘ ʠ ʧʠʢʘʤ 

ʮʠʢʣʠʯʝʩʢʦʡ ˢ˴̅̇˽, ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʛʨʘʥʠʮʘʤʠ ʩʠʤʚʦʣʦʚ OFDM. 

ʂʨʦʤʝ ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʮʠʢʣʠʯʝʩʢʘʷ ˢ˴̅̇˽ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʜʨʦʙʥʫʶ ʯʘʩʪʴ ʯʘʩʪʦʪʥʦʡ ʦʪʩʪʨʦʡʢʠ, ʪ. ʝ. ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʮʝʣʦʛʦ ʯʠʩʣʘ ʯʘʩʪʦʪʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʧʦʜʥʝʩʫʱʠʤʠ ЎὪ. ʅʘʙʝʛ ʬʘʟʳ ῳ• ʤʝʞʜʫ ʚʨʝʤʝʥʥʳʤʠ 

ʦʪʩʯʸʪʘʤʠ ὰ ʠ Ὥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  ɝʒ ςʌϽЎὪϽὝϽὭ ὰȟ ʛʜʝ  ЎὪ ï 

ʩʜʚʠʛ ʯʘʩʪʦʪʳ ὲ-ʦʡ ʧʦʜʥʝʩʫʱʝʡ 

ʆʮʝʥʢʘ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ ʙʫʜʝʪ ʦʜʥʦʟʥʘʯʥʦʡ 

ʧʨʠ ʫʩʣʦʚʠʠ  ɝʒ ʌ. ʌʘʟʦʚʳʝ ʩʤʝʱʝʥʠʷ ̜̖̃̑̆̍̆̎̎ ̘̏̓̒̆̓̏̃ s ˴̅̇  ˽ ʚ (2.5) 

ʚʳʯʠʩʣʷʶʪʩʷ ʢʘʢ ɝʒ̱ ˗ ὰl ὥὶὧὸὫ ʠ ʚ ʪʦʯʢʘʭ ʵʢʩʪʨʝʤʫʤʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʯʘʩʪʦʪʥʳʤ ʩʜʚʠʛʦʤ ῳὊ [16] 
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ῳὊ Ὢ Ὢ
Ὂ

ς“Ͻὒ
ÁÎÇÌÅˢ˴̅̇ ˽ÁÒÇÍÁØs ˴̅̇ ˽ὰ ȟ                       ςȢχ 

 

ʛʜʝ ÁÎÇÌÅ ï ʦʧʝʨʘʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ, ȿÁÎÇÌÅȿ ʌ; 

Ὢ ЎὪϽὲ ï ʮʝʣʘʷ ʯʘʩʪʴ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʧʦ ʧʦʜʥʝʩʫʱʠʤ; 

ὲ πȟρȟςȣ ï ʥʦʤʝʨ ʧʦʜʥʝʩʫʱʝʡ; 

Ὢ ï ʜʨʦʙʥʘʷ ʯʘʩʪʴ. 

ʌʦʨʤʫʣʳ (2.3) ï (2.7) ʘʢʪʫʘʣʴʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

OFDM ʧʦʩʪʨʦʝʥʠʝ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʠʤʚʦʣʳ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ LTE DL ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ 

ʪʝʭʥʦʣʦʛʠʠ LTE ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠ ʧʨʦʚʝʩʪʠ ʥʘ ʧʨʠʝʤʥʦʤ ʢʦʥʮʝ 

ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

 

 

 

2.2. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʢʨʠʪʝʨʠʠ ʠʭ ʚʳʙʦʨʘ 

 

 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ "ʭʦʨʦʰʠʤʠ" 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠʥʪʝʨʚʘʣʦʚ 

ʩʠʤʚʦʣʦʚ OFDM ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʙʘʟʦʚʳʤ ʚʘʨʠʘʥʪʦʤ ʟʘʧʦʣʥʝʥʠʷ ʜʚʦʠʯʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠ ʚʘʨʠʘʥʪʦʤ ʧʨʦʪʦʪʠʧʘ ʟʘʧʦʣʥʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʠʥʪʝʨʚʘʣʦʚ M ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ [25] ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʡ ʚʳʙʦʨʘ 

ʠʩʢʦʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ʆʮʝʥʢʘ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ 

ʟʘʜʘʯ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ: 

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʥʘʠʣʫʯʰʠʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ; 

- ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʶʪʩʷ: ʜʚʦʠʯʥʳʝ ʩʣʫʯʘʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

 ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʤʥʦʛʦʬʘʟʥʳʝ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦ ʩʚʦʡʩʪʚʦʤ 
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ʮʠʢʣʠʯʝʩʢʦʡ ŭ-ʢʦʨʨʝʣʷʮʠʠ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɿʘʜʦʚʘ-ʏʫ ʠ ʌʨʵʥʢʘ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ). 

ʂʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʥʘʫʯʥʦ ï ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʨʠʪ-ʬʘʢʪʦʨʘ (merit-factor, ʜʘʣʝʝ ï ὓὊ) 

[78, 79, 80]. ɺ ʥʘʫʯʥʳʭ ʢʨʫʛʘʭ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʥʝ ʩʣʦʞʠʣʦʩʴ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ 

ʢ ʦʧʨʝʜʝʣʝʥʠʶ MF. ɺ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ʧʨʠʚʦʜʠʪʩʷ ʚʳʨʘʞʝʥʠʝ MF ʚ 

ʚʠʜʝ ʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʠʠ ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ʢ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ ʚʩʝʭ ʙʦʢʦʚʳʭ 

ʣʝʧʝʩʪʢʦʚ [79], ʪ.ʝ. ὓὊ
В

Ȣˏ ̐̑̆̅̒̓́̃̌̆̎̎̏̍ ̜̃̑́̇̆̎̉̉  Ὑ π ï 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ɸʂʌ, ὑ ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ɸʂʌ, 

Ὑ Ὧ ï Ὧ-ʦʝ ʟʥʘʯʝʥʠʝ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ɸʂʌ, π Ὧ  ὑ. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ʢ ʦʧʨʝʜʝʣʝʥʠʶ MF ʪʘʢʞʝ ʥʝʪ ʝʜʠʥʦʛʦ 

ʧʦʜʭʦʜʘ. MF ʦʧʨʝʜʝʣʝʥʦ ʣʠʙʦ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʚʘʜʨʘʪʘ ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʠʢʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ (ʜʘʣʝʝ ï ʂʌ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʢ ʩʫʤʤʝ 

ʚʝʣʠʯʠʥ ʢʚʘʜʨʘʪʦʚ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʂʌ (ὓὊ ) [78], ὓὊ
В ȿ ȿ

ȿ ȿ
ȟ 

ʣʠʙʦ ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʦʡ ʜʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ [80] ï ὓὊ
ϽВ

Ȣ ɺ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ Ὑ Ὧ ï ʚʝʣʠʯʠʥʘ k-ʛʦ ʙʦʢʦʚʦʛʦ ʣʝʧʝʩʪʢʘ 

ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ɸʂʌ, ὑ ï ʜʣʠʥʘ ɸʂʌ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ὓὊ ʧʦʣʘʛʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ 

ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ɸʂʌ ʠʣʠ ɺʂʌ ʢ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʝ ʵʥʝʨʛʠʠ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ.  

 

ὓὊɸʂʌ
ɸʂʌ

В ɸʂʌ ɸʂʌȾ
ȟ      (2.8) 

 

ὓὊɺʂʌ
ɺʂʌ

В ɺʂʌ ɺʂʌȾ
ȟ      (2.9) 

 

ʛʜʝ άέὨάὥὼ̱ ˗ ,l άέὨάὥὼˏ ˗  l ï ʚʝʣʠʯʠʥʳ ʤʦʜʫʣʝʡ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ɸʂʌ ʠʣʠ ɺʂʌ ʬʫʥʢʮʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; 

άέὨ ̱ ˗ Ὧl , άέὨ ˏ ˗ Ὧl  ï ʚʝʣʠʯʠʥʳ ʤʦʜʫʣʝʡ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ɸʂʌ 

ʠʣʠ ɺʂʌ ʬʫʥʢʮʠʡ; 
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Ὧ ï  ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ ɸʂʌ ʠʣʠ ɺʂʌ; 

ὑ ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ɸʂʌ ʠʣʠ ɺʂʌ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ὓὊ ɸʂʌ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE, ʧʨʠʯʝʤ ʧʨʠ ʦʜʥʦʡ 

ʜʣʠʥʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ὓὊ ɸʂʌ.  

ɺʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ ʚʘʨʠʘʮʠʡ ʜʣʠʥ rʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ï  

ʯʝʤ ʙʦʣʴʰʝ ʚʘʨʠʘʥʪʦʚ ʜʣʠʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪʝʤ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʝʝ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE. ʏʠʩʣʦ 

ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʝʝ ʧʦʩʪʨʦʝʥʠʷ. 

ɹʘʟʦʚʳʡ ʚʘʨʠʘʥʪ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ï ʜʚʦʠʯʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ï ʣʶʙʦʝ ʮʝʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. 

ɺʘʨʠʘʥʪ ʧʨʦʪʦʪʠʧʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʤʚʦʣʦʚ ï ʵʪʦ 

ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʷʚʣʷʶʱʠʝʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʇʉʇ, ʦʩʦʙʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ï ʨʘʚʥʦʝ ʯʠʩʣʦ "0" ʠ "1" (Ñ1 ʵʣʝʤʝʥʪ) ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʜʣʠʥʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [43, 74]. ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʩ "ʭʦʨʦʰʠʤʠ" ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʤʠ ʚʳʩʦʢʠʤ ὓὊ ɸʂʌ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʚʦʠʯʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ. ɼʣʷ ʜʚʦʠʯʥʦʡ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ  

ʨʘʚʥʦ [81] ὑ ς ρȟ‎ ɀ̗ ̆̌̏̆ ̘̉̒̌̏Ȣ ɿʥʘʯʝʥʠʝ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ 

ɸʂʌ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʠʥʦʡ ὑ ʜʚʦʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʦ  

(ʣʠʙʦ  ), ʝʩʣʠ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʚʥʳ ρ). ʉ 

ʨʦʩʪʦʤ ὑ ʚʝʣʠʯʠʥʘ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʫʤʝʥʴʰʘʝʪʩʷ. ɿʥʘʯʝʥʠʝ 

ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ (ʫʩʝʯʸʥʥʦʡ) ɸʂʌ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʜʣʠʥʦʡ ὒ ʜʚʦʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʣʠʟʢʦ ʢ ʚʝʣʠʯʠʥʝ 
Ѝ

.  

ʇʦʜ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʪʘʢʠʝ, ʵʣʝʤʝʥʪʳ 

ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʘʪ ʤʥʦʞʝʩʪʚʫ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ï ʢʦʨʥʝʡ ʠʟ ʝʜʠʥʠʮʳ ʚʠʜʘ 

ὥὯ ÅØÐὮ , π ¢ Ὧ ὑ [26]. 
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 ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʣʠʯʘʶʪ: 

- ʧʦʩʪʦʷʥʩʪʚʦ ʤʦʜʫʣʷ ʘʤʧʣʠʪʫʜʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʘ, 

- ʠʜʝʘʣʴʥʘʷ ʮʠʢʣʠʯʝʩʢʘʷ ɸʂʌ, 

- ʥʫʣʝʚʘʷ ʚʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ 

ʠʥʜʝʢʩʦʤ Ὧ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʩʜʚʠʛʘʭ, 

- ʥʠʟʢʠʝ ʚʝʣʠʯʠʥʳ ʟʥʘʯʝʥʠʡ ɺʂʌ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ὅὃὤὃὅ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

- ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʧʠʢ-ʬʘʢʪʦʨʘ [27].  

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʩʚʷʟʠ 

ʧʦʣʫʯʠʣʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʌʨʵʥʢʘ (ʜʘʣʝʝ ï Ὂὶ) [36, 39], ʄʠʣʝʚʩʢʠ 

(Milewski) [38, 40], ʘ ʪʘʢʞʝ ɿʘʜʦʚʘ ï ʏʫ (ʜʘʣʝʝ ï ὤὅ) [35]. ʂʨʦʤʝ ʭʦʨʦʰʠʭ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʤʝʥʴʰʠʡ ʧʠʢ-ʬʘʢʪʦʨ ʩ ὖὃὖὙς σ̅  ˎ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʜʝʘʣʴʥʳʝ 

ʤʥʦʛʦʬʘʟʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Ὂὶ, ὤὅ ʠ ʄʠʣʝʚʩʢʠ, ʠʤʝʶʱʠʝ ʠʜʝʘʣʴʥʫʶ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʶ. ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʙʲʝʤ 

ʠʭ ʘʣʬʘʚʠʪʘ (ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʬʘʟ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ὒ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʙʲʝʤ ʘʣʬʘʚʠʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ Ὂὶ ʜʣʠʥʳ ς  ʨʘʚʝʥ ςȾ  [27]. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  Ὂὶ [36, 39, 41] ï ʵʪʦ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʤʥʦʛʦʬʘʟʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʬʦʨʤʠʨʫʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 2.3. ʏʠʩʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʤʥʦʞʝʥʠʷ ʙʘʟʦʚʦʛʦ 

ʬʘʟʦʚʦʛʦ ʫʛʣʘ ɻ . ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ‍ ʠ ὑ ʷʚʣʷʶʪʩʷ ʮʝʣʳʤʠ 

ʚʟʘʠʤʥʦ ʧʨʦʩʪʳʤʠ ʯʠʩʣʘʤʠ. 

 

 
ʈʠʩʫʥʦʢ 2.3. ï ʄʘʪʨʠʮʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ Ὂὶ 
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ʕʣʝʤʝʥʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Ὂὶ ὥ ʦʧʨʝʜʝʣʷʶʪʩʷ [39] ʢʘʢ ὥ ‚ . ɺ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ‚ ÅØÐ‌. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʨʘʚʝʥ 

 

 ὥ Ὡὼὴ
Ͻ Ͻ Ͻ 

ȟ‘ȟ’ πȟρȣὑ ρ            (2.10)  

   

ʛʜʝ ‘ ï ʥʦʤʝʨ ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ (ʨʠʩʫʥʦʢ 2.3); 

’ ï ʥʦʤʝʨ ʩʪʨʦʢʠ.  

ɿʥʘʯʝʥʠʷ ʤʦʜʫʣʝʡ ʵʣʝʤʝʥʪʦʚ ὥ ʨʘʚʥʳ 1. ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʵʣʝʤʝʥʪʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (2.10) ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʘ ʧʦ 

ʵʣʝʤʝʥʪʘʤ ʤʘʪʨʠʮʳ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʩʚʝʨʭʫ ʚʥʠʟ. ʆʙʱʝʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Ὂὶ ὔ   ‘Ͻ’. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢ ʧʨʠʤʝʨʫ, ʧʨʠ ὔ

ὑ ω ʚ ʬʦʨʤʫʣʝ ʬʘʟʦʚʦʛʦ ʫʛʣʘ ʧʦʜʭʦʜʷʪ ʟʥʘʯʝʥʠʷ  ‍ ρȟςȟτȟυȟχȟψ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Ὂὶ ʚʦ ʚʩʝʭ 6-ʪʠ ʚʘʨʠʘʥʪʘʭ ʧʘʨʘʤʝʪʨʘ ‍ ʩ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 9 ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɸʂʌ, ὓὊ), ʙʝʟ 

ʚʳʨʘʞʝʥʥʦʛʦ ʧʨʝʜʧʦʯʪʝʥʠʷ ʢʘʢʦʤʫ ï ʣʠʙʦ ʠʟ ʚʘʨʠʘʥʪʦʚ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ 

ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ɼ ψ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ. 

ʇʝʨʠʦʜʠʯʝʩʢʘʷ (ʮʠʢʣʠʯʝʩʢʘʷ) ʬʫʥʢʮʠʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ï ʵʪʦ ʧʠʢʠ ɿ-ʬʫʥʢʮʠʠ ʩ ʠʥʪʝʨʚʘʣʦʤ ὑ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ 

ʧʠʢʘʤʠ. ɿʥʘʯʝʥʠ ̫ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ï ʥʫʣʝʚʳʝ. 

ɼʦʧʧʣʝʨʦʚʩʢʠʡ ʩʜʚʠʛ ʯʘʩʪʦʪʳ Ὂὶ ʵʢʚʠʚʘʣʝʥʪʝʥ ʩʜʚʠʛʫ ʚʦ ʚʨʝʤʝʥʠ [36]. 

ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ, ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ὲ ʵʣʝʤʝʥʪʘʤ, ʵʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʚʪʦʨʷʝʪ ʠʩʭʦʜʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩ ʜʨʫʛʦʡ ʥʘʯʘʣʴʥʦʡ 

ʪʦʯʢʦʡ.  

ɺ [40] ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʄʠʣʝʚʩʢʠ 

ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ὤὅ [26]. ʆʜʥʘʢʦ, ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʧʦʩʪʨʦʝʥʠʷ ʥʝ ʫʣʫʯʰʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʄʠʣʝʚʩʢʠ, ʠ ʵʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ.  
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  ὤὅ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ LTE ʪʝʭʥʦʣʦʛʠʠ. Ὧ-ʡ 

ʣɻʝʤʝʥʪ ὤὅ [35] ʜʣʠʥʦʡ ὑ ʬʦʨʤʠʨʫʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʚʳʨʘʞʝʥʠʡ 

 

ὥ Ὧ ÅØÐὮ
ʌϽόϽὯ

ὑ
ȟὯ πȟρȢȢȢὑ ρȟ ὑ ɀ ̧̘̓̎̏̆ȟ               

ὥ Ὧ ÅØÐὮ
ʌϽόϽὯϽὯ ρ

ὑ
ȟὯ πȟρȢȢȢὑ ρȟ ὑ ɀ ̧̘̎̆̓̎̏̆Ȣ       ςȢρρ 

 

ʄʥʦʛʦʬʘʟʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ ʥʫʣʶ ʚʝʟʜʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ ʟʘ ʧʝʨʠʦʜ, ʙʳʣʠ ʦʧʠʩʘʥʳ ʌʨʵʥʢʦʤ, ɿʘʜʦʚʳʤ [41] ʠ ʍʝʡʤʠʣʣʝʨʦʤ [42]. 

ɼ. ʏʫ [35] ʦʪʤʝʪʠʣ, ʯʪʦ ʜʣʠʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Ὂὶ  ὔ  ὑ   ʦʛʨʘʥʠʯʝʥʘ 

ʠʜʝʘʣʴʥʳʤ ʢʚʘʜʨʘʪʦʤ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʧʨʠʤʝʥʠʤʦ ʚ ʟʘʜʘʯʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʣʫʞʝʙʥʳʭ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤ ʩʚʷʟʠ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὤὅ ʤʦʛʫʪ ʙʳʪʴ ʣʶʙʦʡ 

ʜʣʠʥʳ, ʯʪʦ ʜʘʝʪ ʠʤ ʥʝʢʦʪʦʨʳʡ ʧʨʠʦʨʠʪʝʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʟʘʜʘʯʘʭ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤ ʩʚʷʟʠ. 

 

 

 

2.3 ʆʮʝʥʢʘ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɿʘʜʦʚʘ ï ʏʫ, ʌʨʵʥʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʉʇ 

 

 

 

ɼʣʷ ʣʶʙʦʡ ʇʉʇ ʤʘʢʩʠʤʫʤ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ɸʂʌ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ 

ʝʜʠʥʠʮ ʠʣʠ ʚʝʩʦʤ ʇʉʇ ὡ ρ, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʇʉʇ [43, 74, 

80].   

ɼʣʷ ʣʶʙʦʡ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʘʢʩʠʤʫʤ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ɸʂʌ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʩʦʤ ὡ ὑ. ɿʥʘʯʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ɸʂʌ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʯʠʩʣʝʥʥʦ ʨʘʚʥʦ ʯʠʩʣʫ ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὑ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ ͼρͼ ʤʦʜʫʣʝʡ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ὅὃὤὃὅ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʥʘ ʧʨʠʤʝʨʝ ὤὅ όȟὲ): 
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ÍÏÄὥ Ὧ ÁÂÓὩὼὴ
ὮϽς“ϽόϽὯ

ὑ
ÃÏÓ

ς“ϽόϽὯ

ὑ
ÓÉÎ

ς“ϽόϽὯ

ὑ
ρȢ 

 

ʊʝʦʨʝʪʠʯʝʩʢʠ  ὓὊ  ὓὊ̃˞.̃  ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ 

ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ ɸ. ʇʦʜʦʙʥʳʝ ʚʳʚʦʜʳ ʩʜʝʣʘʥʳ ʘʚʪʦʨʦʤ [35]. ɹʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʚʦʠʯʥʳʭ  

ʠ ʤʥʦʛʦʬʘʟʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʩʩʤʦʪʨʝʥ ʚ [23]. 

ʅʘ ʨʠʩʫʥʢʝ 2.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʤʦʜʫʣʝʡ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ɸʂʌ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʨʘʚʥʳʤ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ  ὑ ρυρφ ̅̌ ̠Ὂὶ. 

 

    ʘ            ʙ 

        
           ʚ         ʛ 

ʈʠʩʫʥʦʢ 2.4 ï ɻʨʘʬʠʢʠ ʤʦʜʫʣʝʡ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ɸʂʌ: ʘ ï ʜʚʦʠʯʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὥὯ ρ; ʙ ï ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὥὯ ρ; ʚ ï 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὤὅρρȟρυ; ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
Ὂὶρρȟρφ. 

 

ɺ ʪʘʙʣʠʮʝ 2.1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ὓὊ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʨʠʚʝʜʝʥʥʳʭ 

ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩʫʥʢʘ 2.4. 
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ʊʘʙʣʠʮʘ 2.1 ï ɿʥʘʯʝʥʠʷ ὓὊ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ Ñ1 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ὓὊ ὑ ɀ̘ ̉̒̌̏ 

 ̞̌̆̍̆̎̓̏̃ 

ɼʚʦʠʯʥʘʷ 7,7778 15 

ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 11,0526 15 

ὤὅρρȟρυ 11,7811 15 

Ὂὶρρȟρφ 17,5736 16 

 

ʀʩʭʦʜʷ ʠʟ ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ 

ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ LTE DL, ʪ.ʝ. ʟʥʘʯʝʥʠʷ ὓὊ ʠ ʯʠʩʣʘ ʚʘʨʠʘʮʠʡ 

ʜʣʠʥʳ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʌʨʵʥʢʘ ʠ ɿʘʜʦʚʘ ï ʏʫ. ʋ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʌʨʵʥʢʘ 

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ὓὊ, ʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɿʘʜʦʚʘ ï ʏʫ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʤ ʟʥʘʯʝʥʠʠ ὓὊ ʝʩʪʴ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʯʠʩʣʝ ʚʘʨʠʘʮʠʡ ʜʣʠʥʳ ï ʜʣʠʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʦʡ. ʏʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

~ ς, ʪ.ʝ. ʠʤʝʝʪ ʩʪʝʧʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʟʥʘʯʝʥʠʝ ὓὊ ʥʠʞʝ, ʯʝʤ ʫ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʯʪʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ. ʏʠʩʣʦ ʚʘʨʠʘʮʠʡ ʜʣʠʥʳ ʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʌʨʵʥʢʘ ï ʚ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʨʷʜʥʦʩʪʠ 

ʤʘʪʨʠʮʳ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 2.3). ʕʪʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ɼʚʦʠʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʝʶʪ ʣʶʙʫʶ ʜʣʠʥʫ, ʥʦ ὓὊ ï ʚ 1.5 ï 2 ʨʘʟʘ ʥʠʞʝ, 

ʯʝʤ ʫ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʚʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʌʨʵʥʢʘ ʠ ɿʘʜʦʚʘ ï ʏʫ. 

 

 

 

2.4 ɺʳʚʦʜʳ ʧʦ 2 ʨʘʟʜʝʣʫ 

 

 

 

1 ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ OFDM 

ʢʘʜʨʘ LTE DL ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʧʦʟʚʦʣʷʶʱʘʷ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇ ʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ OFDM ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ CAZAC, ʣʠʙʦ 

ʠʭ ʩʫʤʤʦʡ ʩ ʜʚʦʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ OFDM.  
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2 ɺʳʙʨʘʥʳ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ. 

3 ɼʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

(ὤὅȟὊὶ) ʜʣʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ɸʂʌ ʧʨʝʚʦʩʭʦʜʷʪ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʣʶʙʦʡ 

ʇʉʇ ʠ ʣʶʙʦʡ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

4 ʇʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʚʦʠʯʥʳʭ, ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ὤὅ, Ὂὶ) ʜʣʷ 

ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ὑ ρυρφ ʧʦ ʢʨʠʪʝʨʠʷʤ ὓὊ ʠ ʯʠʩʣʫ ʚʘʨʠʘʮʠʡ ʜʣʠʥʳ.  

5 ʆʧʨʝʜʝʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ὤὅ, Ὂὶ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʧʦ 

ʚʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. 
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3 ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʀ ɸʃɻʆʈʀʊʄʆɺ ʉʀʅʍʈʆʅʀɿɸʎʀʀ  

ʇʆ ɻʈɸʅʀʎɸʄ OFDM ʉʀʄɺʆʃʆɺ 

 

 

 

ɺ 3-ʝʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʦʪʣʠʯʘʶʱʠʡʩ ̫ ʦʪ ʙʘʟʦʚʦʛʦ ʠ ʤʝʪʦʜʘ ʧʨʦʪʦʪʠʧʘ ʟʘʧʦʣʥʝʥʠʝʤ 

ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʤʥʦʛʦʬʘʟʥʳʤʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʣʠʙʦ ʩʫʤʤʦʡ 

ʤʥʦʛʦʬʘʟʥʳʭ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ ʢʦʥʮʘ ʩʠʤʚʦʣʘ. 

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʚʭʦʞʜʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʤ ʧʨʠ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ, 

ʚʘʨʠʘʥʪʝ ʧʨʦʪʦʪʠʧʘ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʤʚʦʣʦʚ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ  

ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʤʥʦʛʦʬʘʟʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʤʝʱʝʥʠʷ, 

ʜʨʦʙʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ ʠ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ "ʧʦʧʘʜʘʥʠʷ" ʧʠʢʦʚ 

ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʚʦ ʚʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL.  

 

 

 

3.1 ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ 

OFDM ʩʠʤʚʦʣʦʚ  

 

 

ɼʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ OFDM ʧʦ ʧʠʢʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ 

OFDM ʩʠʤʚʦʣʦʚ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʠʥʪʝʨʚʘʣʦʚ OFDM ʩʠʤʚʦʣʦʚ: 

1) ʟʘʧʦʣʥʝʥʠʝ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ ʵʣʝʤʝʥʪʘʤʠ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʧʝʨʝʥʦʩʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʪʩʯʸʪʦʚ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ  

ʚ ʠʥʪʝʨʚʘʣ ʎʇ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʨʘ; 

2) ʟʘʧʦʣʥʝʥʠʝ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʩʫʤʤʦʡ ʵʣʝʤʝʥʪʦʚ 

ʜʚʦʠʯʥʳʭ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʧʝʨʝʥʦʩʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 
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ʦʪʩʯʝʪʦʚ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʚ ʠʥʪʝʨʚʘʣ ʎʇ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʘʜʨʘ. 

ɺʘʨʠʘʥʪ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ OFDM 

ʩʠʤʚʦʣʦʚ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʩʫʤʤʦʡ ʢʦʤʧʣʝʢʩʥʳʭ ʜʚʦʠʯʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʫʞʝ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳʤ ʩ ɹʉ, ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʯʘʩʪʦʪʥʦ-

ʚʨʝʤʝʥʥʳʝ ʨʝʩʫʨʩʳ ʠʟ 6 RB ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʘʜʨʘ LTE. 

ɿʘʧʦʣʥʝʥʠʝ ʩʫʤʤʦʡ ʜʚʦʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʚʦʜʠʪʩʷ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʤʚʦʣʦʚ ʩʣʫʞʝʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ɹʉ ʠ ʪʦʣʴʢʦ ʚ ʪʝʭ RB, ʢʦʪʦʨʳʝ ʚʳʜʝʣʝʥʳ ʜʝʡʩʪʚʫʶʱʠʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ.  

ɺʘʨʠʘʥʪ ʤʝʪʦʜʘ ʟʘʧʦʣʥʝʥʠ ̫ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʩʫʤʤʦʡ 

ʵʣʝʤʝʥʪʦʚ ʜʚʦʠʯʥʳʭ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

"ʥʫʣʝʚʦʡ" ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ  ὲόὰὰὋὶὭὨ, ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʝ ʢʘʜʨʘ 

(ὸὼὋὶὭὨ) ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠ ʯʘʩʪʦʪʥʦ ï ʚʨʝʤʝʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ RE. "ʅʫʣʝʚʘʷ" 

ʨʝʩʫʨʩʥʘʷ ʩʝʪʢʘ ʟʘʧʦʣʥʷʝʪʩʷ ʥʫʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ ʚʩʝʤ ʨʝʩʫʨʩʥʳʤ 

ʵʣʝʤʝʥʪʘʤ, ʢʨʦʤʝ ὑ ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʘ ʢʘʞʜʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʤʚʦʣʘ ʢʘʜʨʘ 

ʟʘʧʦʣʥʷʝʤʳʭ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ (ὤὅ, ʣʠʙʦ Ὂὶ). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʘʜʨʘ ὸὼὋὶὭὨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ 

(3.1), ʦʙʨʘʟʫʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʨʝʩʫʨʩʥʫʶ ʩʝʪʢʫ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʢʘʜʨʘ ï ὸὼὋὶὭὨ [82]. 

 

ὸὼὋὶὭὨ ὸὼὋὶὭὨὲόὰὰὋὶὭὨȢ σȢρ 

 

ʅʘ ʧʨʠʸʤʥʦʡ ʩʪʦʨʦʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ 

ὶὼὋὶὭὨ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʢʦʥʮʘʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʠʤʚʦʣʦʚ 

OFDM (ʚʳʨʘʞʝʥʠʝ (3.2)). 

 

ὶὼὋὶὭὨὶὼὋὶὭὨǋǋὲόὰὰὋὶὭὨȟ σȢς 

 

ʛʜʝ ὶὼὋὶὭὨǋǋ ï ʨʝʩʫʨʩʥʘʷ ʩʝʪʢʘ ʥʘ ʧʨʠʸʤʥʦʡ ʩʪʦʨʦʥʝ. 
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ "ʥʫʣʝʚʦʡ" ʠ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʚ ʚʳʨʘʞʝʥʠʠ (3.1) ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ὖὃὖὙ ʥʘ ʫʯʘʩʪʢʘʭ ʎʇ ʠ ʢʦʥʮʦʚ 

ʩʠʤʚʦʣʦʚ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ɼʘʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜ ʥʝʚʝʣʠʢʦ, ʪ.ʢ. ʧʨʠ 

ʤʦʜʫʣʷʮʠʠ ʵʣʝʤʝʥʪʘʤʠ  ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʝ ʙʦʣʝʝ 9 ï 15 ʧʦʜʥʝʩʫʱʠʭ 

ʠʟ 72 ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʘʜʨʘ LTE DL ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ 

ʧʨʝʚʳʰʝʥʠ ̫ὖὃὖὙ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ ~ 10% ï 20% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʦʪʜʝʣʴʥʳʝ ʵʪʘʧʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʮʝʜʫʨʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʢʘʜʨʘ LTE DL ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ ʠ ʦʙʨʘʙʦʪʢʠ ʚʳʙʨʘʥʥʦʛʦ "ʦʢʥʘ" 

ʧʨʠʥʷʪʦʛʦ ʢʘʜʨʘ LTE DL ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ ʩʠʤʚʦʣʦʚ 

OFDM ʠ ʛʨʘʥʠʮʝ ʧʦʣʫʢʘʜʨʘ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ.  

ʕʪʘʧʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ OFDM ʧʦ ʧʠʢʘʤ ʮʠʢʣʠʯʝʩʢʦʡ 

ɸʂʌ ʎʇ OFDM ʩʠʤʚʦʣʦʚ:  

ʕʪʘʧ 1. ʇʦʩʪʨʦʝʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ ʧʦ ʧʨʘʚʠʣʘʤ 

ʧʦʩʪʨʦʝʥʠʷ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ 

ʪʝʭʥʦʣʦʛʠʠ LTE DL ʩʪʘʥʜʘʨʪʘ 3GPP TS 36.211 v10 [53], ʚʢʣʶʯʘʶʱʝʡ ʩʠʤʚʦʣʳ 

ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ɹʉ, ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ, PSS, SSS, "ʧʫʩʪʳʝ" 

ʩʠʤʚʦʣʳ, ʥʝ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥr ʯʘʩʪʠ ʢʘʜʨʘ, 

ʨʘʚʥʦʡ "ʦʢʥʫ" ʧʨʠʸʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʣʠʙʦ 

"ʩʢʦʣʴʟʷʱʝʤʫ ʦʢʥʫ" ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʣʫʯʘʡʥʦ ʧʦʪʝʨʷʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʚʳʙʠʨʘʝʪʩʷ ʩ ʫʯʸʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʜʣʠʥʫ "ʦʢʥʘ" ʧʨʠʸʤʘ ʠ 

"ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ" ʦʙʨʘʙʦʪʢʠ (ʧʦʜʨʘʟʜʝʣ 1.6): 

- ʇʝʨʚʦʝ ʚʢʣʶʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ὔ άϽὒ ὰO ὔ
ρ

ς
ὔ  

 

ʛʜʝ NFram ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʚ ʢʘʜʨʝ, 

ὔ ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʚ "ʦʢʥʝ" ʧʨʠʸʤʘ, 

M ï ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ ʚ ʢʘʜʨʝ,  

m ï ʥʦʤʝʨ ʩʠʤʚʦʣʘ, π ά ὓȟ 
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L ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʚ ʩʠʤʚʦʣʝ,  

l ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ ʚ ʩʠʤʚʦʣʝ, π ὰ ὒ.  

- ʉʣʫʯʘʡʥʘʷ ʧʦʪʝʨʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ὔ ωυω ɀ̘ ̉̒̌̏ ̜̖̃̑̆̍̆̎̎ ̧̘̏̓̒̓̏̃ ̃ ̒̌̏̓̆ ̋́̅̑́ ,4% $,. 

ʕʪʘʧ 2. ɼʣʷ ʚʘʨʠʘʥʪʘ ʟʘʧʦʣʥʝʥʠ ̫ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ 

ʚ ʯʘʩʪʦʪʥʦ ï ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (ʤʦʜʫʣʠ 2, 13 ʨʠʩʫʥʢʘ 2.1) "ʈʝʩʫʨʩʥʘ ̫ʩʝʪʢʘ ʢʘʜʨʘ 

LTE" ʵʣʝʤʝʥʪʘʤʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

 

ὸὼὋὶὭὨᴼ ὸὼὋὶὭὨǋȟ 
 

ʛʜʝ ὸὼὋὶὭὨ ï ʩʪʘʥʜʘʨʪʥʘʷ ʨʝʩʫʨʩʥʘʷ ʩʝʪʢʘ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʘ 

ʩʠʤʚʦʣʦʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ 

 

ὸὼὋὶὭὨ

ừ
Ử
Ừ

Ử
ứ
ὧὧὦȣȢȢὧὧȣȣὦ ȣȣȣὧ ȣȣȢȢὦ

ὧὧὦȣȢȢὧὧȣȣὦ ȣȣȢȢὧ ȣȣȢȢὦ
ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢ
ὧ ὧ ὦ ȣὧ ὧ ȣὦ ȣὧ ȣὦ

ὧὧὦȣȢȢὧὧȣȣȢὦ ȣȣȢȢὧ ȣȣȢὦ ữ
Ử
Ữ

Ử
ử

ȟ 

 

ὸὼὋὶὭὨǋ ï ʨʝʩʫʨʩʥʘʷ ʩʝʪʢʘ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ 

ʵʣʝʤʝʥʪʘʤʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ 

 

ὸὼὋὶὭὨǋ

ừ
Ử
Ừ

Ử
ứ
ὧὧὦȣȢȢὧὧȣȣὦ ȣȣȣὧ ȣȣȢȢὦ

ὧὧὦȣȢȢὧὧȣȣὦ ȣȣȢȢὧ ȣȣȢȢὦ
ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢ
ὧ ὧ ὧᾀ ȣὧ ὧ ȣὧᾀ ȣὧ ȣὧᾀ

ὧὧὧᾀȣȢȢὧὧȣȣȢȣὧᾀȣȢȢὧ ȣȣȢὧᾀ  ữ
Ử
Ữ

Ử
ử

ȟ 

 

ʛʜʝ ὧ  ï ʵʣʝʤʝʥʪʳ ʜʘʥʥʳʭ ʠ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʧʦ ὲ  

ʧʦʜʥʝʩʫʱʠʤ ʠ ά ʩʠʤʚʦʣʘʤ OFDM ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ, 

ὲ ï ʥʦʤʝʨ ʧʦʜʥʝʩʫʱʝʡ, ὲ ρȟςȟȣὔȟ 

ὔ ï ʯʠʩʣʦ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʩʠʤʚʦʣʦʚ OFDM ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ, 

ά ï ʥʦʤʝʨ ʩʠʤʚʦʣʘ, ά ρȟςȟȣὓȟ 

ὓ ï ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ ʚ ʢʘʜʨʝ LTE DL (ʚ ʪʝʭʥʦʣʦʛʠʠ LTE ὓ ρτπ, 
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ὦ ǋ ï ʵʣʝʤʝʥʪʳ "ʧʫʩʪʳʭ" ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ, ʥʝ ʟʘʧʦʣʥʝʥʥʳʝ ʜʘʥʥʳʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ὧᾀǋ ï ʵʣʝʤʝʥʪʳ CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ὧ  ɀ ɻ ʣʝʤʝʥʪʳ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ɹʉ, 

ά ά ά ȟά ά ά ρȟςȟȣὓȟ  

Ὧ ï ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, Ὧ ρȟςȟȢȢὑ, 

ὑ ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ɼʣʷ ʚʘʨʠʘʥʪʘ ʟʘʧʦʣʥʝʥʠ ̫ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʭ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʠ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ɹʉ, ʚ ʯʘʩʪʦʪʥʦ ï 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (ʤʦʜʫʣʠ 2, 13 ʨʠʩʫʥʢʘ 2.1) "ʈʝʩʫʨʩʥʘʷ ʩʝʪʢʘ ʢʘʜʨʘ LTE" 

ʩʫʤʤʦʡ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ ʠ ʵʣʝʤʝʥʪʦʚ ʨʘʥʝʝ ʚʳʙʨʘʥʥʳʭ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

 

ὸὼὋὶὭὨᴼὸὼὋὶὭὨ ȟ 
 

ʛʜʝ ὸὼὋὶὭὨ ï ʩʪʘʥʜʘʨʪʥʘʷ ʨʝʩʫʨʩʥʘʷ ʩʝʪʢʘ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʘ 

ʩʠʤʚʦʣʦʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

  

ὸὼὋὶὭὨ

ừ
Ử
Ừ

Ử
ứ
ὧὧὦȣȢȢὧὧȣȣὦ ȣȣȣὧ ȣȣȢȢὦ

ὧὧὦȣȢȢὧὧȣȣὦ ȣȣȢȢὧ ȣȣȢȢὦ
ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢ
ὧ ὧ ὦ ȣὧ ὧ ȣὦ ȣὧ ȣὦ

ὧὧὦȣȢȢὧὧȣȣȢὦ ȣȣȢȢὧ ȣȣȢὦ ữ
Ử
Ữ

Ử
ử

ȟ 

 

ὸὼὋὶὭὨ ï ʨʝʩʫʨʩʥʘʷ ʩʝʪʢʘ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʩʫʤʤʦʡ ʜʚʦʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 

ὸὼὋὶὭὨ

ừ
Ử
Ừ

Ử
ứ
ὧὧὦȢȢȢȢȢὧὧȢȢȢȢȢȢὦ ȢȢȢȢȢȢȢȢȢὧ ȢȢȢȢȢȢȢȢὦ

ὧὧὦȢȢȢȢȢὧὧȢȢȢȢȢȢὦ ȢȢȢȢȢȢȢȢὧ ȢȢȢȢȢȢȢȢὦ
ȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢ
ὧ ὧ ὦ ὧᾀ ȢȢȢὧ ὧ ȢȢȢὦ ὧᾀ ȢȢȢὧ ȢȢȢὦ ὧᾀ

ὧὧὦ ὧᾀ ȢȢȢȢȢὧὧȢȢȢȢȢȢȢὦ ὧᾀȢȢȢȢȢȢȢȢὧ ȢȢȢȢȢȢȢὦ ὧᾀ ữ
Ử
Ữ

Ử
ử

ȟ 
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ʛʜʝ ὦ ǋ ὧᾀǋ ï ʵʣʝʤʝʥʪʳ ʩʫʤʤʳ ʜʚʦʠʯʥʦʡ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʕʪʘʧ 3. ʆʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (ʆɼʇʌ) ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ  

 

ίάȟὯ
ρ

ς́
Ὠ άȟὲϽÅØÐὮϽς́ Ͻ

ὲϽὯ

ὔ
ȟὯ ρȟὑ ȟά πȟὓ ρȟ 

 

ʛʜʝ ίάȟὯ  ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ά-ʛʦ ʩʠʤʚʦʣʘ ʢʘʜʨʘ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʆɼʇʌ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ,  

Ὧ  ï ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ OFDM ʩʠʤʚʦʣʘ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʆɼʇʌ,  Ὧ ὲȟ 

ὑ  ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ OFDM ʩʠʤʚʦʣʘ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʆɼʇʌ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ 

OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ,  ὑ ὔȟ 

Ὠ  ï ʚʝʣʠʯʠʥʳ ʢʦʤʧʣʝʢʩʥʳʭ RE, ʤʦʜʫʣʠʨʫʶʱʠʭ ʧʦʜʥʝʩʫʱʠʝ ʯʘʩʪʦʪʳ 

ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ. 

ʇʨʠ ʵʪʦʤ ὧ ᶰὨ ȟὦ ᶰὨ ȟὧᾀǋᶰὨ . 

ʕʪʘʧ 4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ ʧʫʪʸʤ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʧʦʜʥʝʩʫʱʠʭ ʧʦ ʚʨʝʤʝʥʥʳʤ ʦʪʩʯʸʪʘʤ ʧʦ ʚʩʝʡ 

ʰʠʨʠʥʝ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ OFDM ʩʠʤʚʦʣʦʚ.  

 

ὔ ȡ ὛὟὓάȟὰȟά πȟρȟȣὓ ρȟὰ ρȟςȟȣὒ; 

ὛὟὓάȟὰ ίάȟὯ ϽÅØÐὮϽς́ ϽȹὪ ϽὲϽὰȟὰ ρȟςȟȣὒȟ 

 

ʛʜʝ ȹὪ   ï  ʯʘʩʪʦʪʥʳʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʧʦʜʥʝʩʫʱʠʤʠ; 

ίάȟὯ  ï ʵʣʝʤʝʥʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ, ʤʦʜʫʣʠʨʫʶʱʠʡ  

ʧʦʜʥʝʩʫʱʫʶ  ‫ ς́ ϽȹὪ Ͻὲ, 

ὛὟὓάȟὰ ï ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʧʦʜʥʝʩʫʱʠʭ ʚʦ  

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ὰ-ʛʦ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʝʪʘ ά-ʛʦ OFDM ʩʠʤʚʦʣʘ ʢʘʜʨʘ.  

ʇʝʨʝʥʦʩ ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʘ "ʧʫʩʪʳʭ" ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʤʝʥʪʳ 

ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʚ ʠʥʪʝʨʚʘʣ ʎʇ. 

 
ὔ άȟὰȡ ίάȟὰȟ   ά πȟȣȟὓ  ρ ȟ

ὰ ὒ Ὃȟὒ Ὃ ρȟὒ Ὃ ςȟȣὒ ρȟὒȟρȟςȟȣὒ Ὃȟὒ Ὃ ρȟȣὒ ρȟὒȟ 
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ʛʜʝ Ὃ ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʎʇ, 

ίάȟὰ ï ὰ-ʳʡ ʚʨʝʤʝʥʥʦʡ ʦʪʩʯʸʪ ά-ʛʦ ʩʠʤʚʦʣʘ ʢʘʜʨʘ.  

ʕʪʘʧ 5. ʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ, ʧʝʨʝʜʘʯʘ ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ɻʉ (ʤʦʜʫʣʴ 5 "ʎɸʇ OFDM 

ʇɽʈɽɼɸʊʏʀʂ" (ʨʠʩʫʥʦʢ 2.1)) ʢʘʜʨʘ LTE DL. 

 

ˣˍȡ̃    ὔ άȟὰᴼὢȟ ̄̅ ̆ ὢὸᶰᴇȢ 

ὗὖὛὑȾὗὃὓ ̗̠̍̏̅̔̌̉ȡ     ὢὸ Ὅὗ ὔ άȟὰ

ὢ ὸϽÃÏÓςʌϽὪ̒Ͻὸ ɝʒ ὢ ὸϽÓÉÎςʌϽὪ̒Ͻὸ ɝʒ

Ὅὢ ϽÃÏÓςʌὪ̒ ὲϽЎὪ Ͻὸ ὗ ὢ

ϽÓÉÎςʌὪ̒ ὲϽЎὪ Ͻὸȟ  
 

ʛʜʝ ὢὸ ï ʢʦʤʧʣʝʢʩʥʘʷ ʚʝʣʠʯʠʥʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʢʘʜʨʘ,                

ὢὸᶰᴇȠ 

Ὅὢ  ï ʨʝʘʣʴʥʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʥʘʯʝʥʠʷ ὢ ; 

ὗ ὢ  ï ʤʥʠʤʘʷ ʯʘʩʪʴ ὢ ; 

ὢ  ï ʤʘʩʩʠʚ ʵʣʝʤʝʥʪʦʚ OFDM ʩʠʤʚʦʣʦʚ, ʤʦʜʫʣʠʨʫʶʱʠʭ ʧʦʜʥʝʩʫʱʠʝ 

 ʯʘʩʪʦʪʳ ςʌὲЎὪ ; 

Ὅὗ ï ʦʧʝʨʘʮʠʷ ʧʦʣʫʯʝʥʠʷ ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʠʛʥʘʣʦʚ ɻʉ;   

Ὢʩ ï ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ, 

ȹű ï ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʩʠʥʬʘʟʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝʩʫʱʝʡ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ. 

ȹű ï ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʢʚʘʜʨʘʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝʩʫʱʝʡ ʘʥʘʣʦʛʦʚʦʛʦ 

ʩʠʛʥʘʣʘ.  

ʕʪʘʧ 6. ʇʨʠʸʤ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ, ʧʨʦʰʝʜʰʝʛʦ ʈʵʣʝʝʚʩʢʠʡ ʢʘʥʘʣ. 

ʌʘʟʦʚʘʷ ʘʚʪʦʧʦʜʩʪʨʦʡʢʘ (ʌɸʇʏ) ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʩ ʜʘʣʴʥʝʡʰʝʡ ʝʸ ʬʠʣʴʪʨʘʮʠʝʡ. 

˜̧̑̉̍ ̋́̅̑́ /&$- ̒̉̍̃̏̌̏̃ȡ  
 

  ὢὸ ‌  ὢὸ † ÅØÐὮς“Ὢ̒ ЎὪὸ ʒ ὔ ὸȟ 

 

ʛʜʝ ὢὸ ï ʦʮʝʥʢʘ ʩʠʛʥʘʣʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ, ʧʨʦʰʝʜʰʝʛʦ ʈʵʣʝʝʚʩʢʠʡ ʢʘʥʘʣ,  
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ὶ ï ʥʦʤʝʨ ʧʫʪʠ ʩʠʛʥʘʣʘ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ, 

‌  ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ὶ-ʛʦ ʧʫʪʠ, 

† ï ʟʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ὶ-ʤʫ ʧʫʪʠ, 

ЎὪ ï ʩʜʚʠʛ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ὶ-ʛʦ ʧʫʪʠ, 

ʒ  ï ʥʘʯʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ὶ-ʛʦ ʧʫʪʠ,  

ὔ ὸ ï ʚʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ɸɹɻʐ. 

ʌɸʇʏ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ, ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ 

(ʜʘʣʝʝ ï ʌʅʏ) ʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʘʜʨʘ (ʜʘʣʝʝ ï ɸʎʇ) ʚ ʤʦʜʫʣʝ 

6 "ɸʎʇ OFDM ʇʈʀɽʄʅʀʂ" (ʨʠʩʫʥʦʢ 2.1)   

 
ˡˍ˜ ʕʠ ʌʅʏȡ          ὢ ὸᴼὢ ὸ ὢ ὸϽÃÏÓς́ ϽὪ̒ ȹὪ ϽὲϽὸ ȹű  

ὢ ὸϽÓÉÎ ς“ϽὪ̒ ȹὪ ϽὲϽὸ ȹű ȟ ὲ ρȟὔȟ ά πȟ
ὓ

ς
ρȟ 

 

ʛʜʝ ὢ ὸï ʦʮʝʥʢʘ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ ά-ʛʦ OFDM ʩʠʤʚʦʣʘ ʢʘʜʨʘ; 

ὢ ὸ ï ʦʮʝʥʢʘ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ OFDM ʜʝʤʦʜʫʣʷʪʦʨʘ ʧʦʩʣʝ  

ʧʨʦʭʦʞʜʝʥʠʷ ʌɸʇʏ ʠ ʬʠʣʴʪʨʘʮʠʠ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ;   

ὢ ὸ ï ʦʮʝʥʢʘ ʩʠʥʬʘʟʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʛʥʘʣʘ ὲ-ʦʡ ʧʦʜʥʝʩʫʱʝʡ 

 ά-ʛʦ OFDM ʩʠʤʚʦʣʘ ʢʘʜʨʘ; 

ὢ ὸ ï ʦʮʝʥʢʘ ʢʚʘʜʨʘʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʛʥʘʣʘ ὲ-ʦʡ ʧʦʜʥʝʩʫʱʝʡ 

 ά-ʛʦ OFDM ʩʠʤʚʦʣʘ ʢʘʜʨʘ;  

ЎὪ  ï ʯʘʩʪʦʪʥʳʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʧʦʜʥʝʩʫʱʠʤʠ; 

ȹű  ï ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʩʠʥʬʘʟʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ὲ-ʦʡ ʧʦʜʥʝʩʫʱʝʡ ά-ʛʦ  

OFDM ʩʠʤʚʦʣʘ ʢʘʜʨʘ; 

ȹű  ï ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʢʚʘʜʨʘʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ὲ-ʦʡ ʧʦʜʥʝʩʫʱʝʡ 

 ά-ʛʦ OFDM ʩʠʤʚʦʣʘ ʢʘʜʨʘ. 

 

Ὓ άȟὰ Ὅὗ ὢ ὸ ȟ 

 

ʛʜʝ Ὅὗ  ï ʦʧʝʨʘʮʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʠʟ  

ʩʠʥʬʘʟʥʦʡ ʠ ʢʚʘʜʨʘʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ OFDM ʩʠʤʚʦʣʦʚ;  
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Ὓ άȟὰ ï ʦʮʝʥʢʘ ʢʦʤʧʣʝʢʩʥʳʭ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ɻʉ ʢʘʜʨʘ ʧʦʩʣʝ 

ʧʨʠʸʤʘ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ ʠ ɸʎʇ. 

ʕʪʘʧ 7.  ʈʘʟʙʠʝʥʠʝ ʧʨʠʥʷʪʦʛʦ "ʦʢʥʘ" ʢʘʜʨʘ ʧʦ ʩʣʦʪʘʤ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ï ʪʦʣʴʢʦ ʜʣʷ ʚʘʨʠʘʥʪʘ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

Ὓ άȟὰḧίǶάȟὰȟ ʛʜʝ   ά πȟȣȟ
ὓ

ς
 ρȟ

ὰ ὒ Ὃȟὒ Ὃ ρȟὒ Ὃ ςȟȣὒ ρȟὒȟρȟςȟȣὒ Ὃȟὒ Ὃ ρȟȣὒ ρȟὒȢ 

ὔ
Ὓ άȟὰ

Ὓὰ
ς

 ȟ 

 

ʛʜʝ Ὓὰ ï ʯʠʩʣʦ ʩʣʦʪʦʚ ʚ ʢʘʜʨʝ, 

ὔ  ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʚ ʩʣʦʪʝ. 

ʕʪʘʧ 8.  ʋʩʨʝʜʥʝʥʠʝ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʨʝʤʝʥʥʳʤ ʦʪʩʯʸʪʘʤ "ʦʢʥʘ" 

ʧʨʠʸʤʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʦʜʥʦʛʦ ʩʣʦʪʘ ʢʘʜʨʘ ï ʪʦʣʴʢʦ ʚ ʚʘʨʠʘʥʪʝ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ  

 

ὤ ὰ
ς

Ὓὰ
ίǶὰ ὲ Ͻὔǋ ȟʛʜʝ ὰ ρȟὔǋȢ 

ὔ ḧὓρίǶǋ ά ȟὰȟ   ά πȟȣȟὓ  ρȟ 
 

ʛʜʝ ὓ  ï ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʨʝʜʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʧʦ ʯʠʩʣʫ ʩʣʦʪʦʚ ʧʦʣʫʢʘʜʨʘ , ὓ ȟ  

ὲ  ï ʥʦʤʝʨ ʩʣʦʪʘ "ʦʢʥʘ" ʧʨʠʸʤʘ, ὲ  πȟ ρȟ 

ά  ï ʥʦʤʝʨ ʩʠʤʚʦʣʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʫʩʨʝʜʥʸʥʥʦʛʦ ʩʣʦʪʘ, 

ίǶǋ ï ʦʮʝʥʢʘ ʫʩʨʝʜʥʸʥʥʦʛʦ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ὰ-ʛʦ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʝʪʘ ά -ʛʦ 

ʩʠʤʚʦʣʘ ʩʣʦʪʘ. 

ʕʪʘʧ 9. ɺʳʯʠʩʣʝʥʠʝ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʚʦ 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʩ ʫʩʨʝʜʥʸʥʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʦʪʩʯʸʪʘʤʠ "ʦʢʥʘ" 

ʧʨʠʸʤʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʧʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ "ʩʢʦʣʴʟʷʱʝʛʦ 
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ʦʢʥʘ" ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʧʨʠ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

 

ˢ˴̅̇ ὤ˽ ὰ

ςВ ὤ ὒ Ὃ Ͻά ὰ Ὣ Ͻὤᶻ  ὒ Ὃ Ͻά ὰ Ὣ ὒ

В ὤ ὒ Ὃ Ͻά ὰ Ὣ В ȿὤ ὒ Ὃ Ͻά ὰ Ὣ ὒȿ
Ȣ 

 

ʕʪʘʧ 10. ʇʦʣʫʯʝʥʠʝ ʛʨʘʥʠʮ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʠʤʚʦʣʦʚ 

ʩʣʦʪʘ ʩ ʪʦʯʥʦʩʪʴʶ ʥʝ ʭʫʞʝ  ς ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ɸʎʇ ʥʘ ʠʥʪʝʨʚʘʣʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ OFDM ʩʠʤʚʦʣʘ (ʧʦʜʨʘʟʜʝʣ 1.5). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ 

ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ, ʨʘʚʥʳʭ ʯʠʩʣʫ ʦʪʩʯʸʪʦʚ ʚ ʩʠʤʚʦʣʝ, ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ, ʥʘʯʠʥʘʷ ʩ 

ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮʳ ʥʘʯʘʣʘ ʧʝʨʚʦʛʦ ʩʠʤʚʦʣʘ  

 

˛̐̑̆̅̆̌̆̎̉̆ ̃̑̆̍̆̎̎̏̄̏ ̠̐̏̌̏̇̆̎̉ ̝̍́̋̒̉̍́̌̎̏̄̏ ̘̠̈̎́̆̎̉ ̱˗ lx ȡ̃  

 ɧά ȟὰ ÍÁØɸʂʌʎʇὰȟ 

  ̄̅ ̆ά ρȟὓ  ȟ 
˞̑́̃̎̆̎̉̆ ̘̠̈̎́̆̎̉ ̱˗ lx  ̃̒ ̐̏̑̏̄̏̍ȡ  !ᴂά ȟὰ ˍ˗ˡx̃ ɧά ȟὰ ‗ȟ  

  ‗
ρ

ς

В В ὧᾀά ȟὫ

ὓ
 

 

ʛʜʝ ‗ ï ʧʦʨʦʛ, ʚʳʯʠʩʣʷʝʤʳʡ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʎʇ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʚʝʣʠʯʠʥʦʡ 

ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ, 

ὧᾀά ȟὫ ï ʤʦʱʥʦʩʪʴ Ὣ-ʛʦ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ ʎʇ ʧʨʠʥʷʪʦʛʦ ά -ʛʦ ʩʠʤʚʦʣʘ 

ʩʣʦʪʘ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʥʮʘ ʩʠʤʚʦʣʘ ʵʣʝʤʝʥʪʘʤʠ ὅὃὤὃὅ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ὧᾀά ȟὫ ὤ ὰ . 

ɧά ρȟὰ ɧά ȟὰ ϽὝ    ï ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʧʠʢʘʤʠ ά ρ  ʠ  ά   ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ, 

 

πϽὝ ɧά ρȟὰ ɧά ȟὰ ϽὝ Ὕ ςϽὝȟ 

 

ʛʜʝ ɧά ȟὰȟ ɧά ρȟὰ ï ʛʨʘʥʠʮʳ OFDM ʩʠʤʚʦʣʘ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ 

ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ,  

ὑ ï  ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ  ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʢʦʥʮʘ ʩʠʤʚʦʣʘ, 
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Ὧ ï ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʢʦʥʮʘ ʩʠʤʚʦʣʘ, 

 Ὕ  ï ʜʣʠʪʝʣʴʥʦʩʪʴ OFDM ʩʠʤʚʦʣʘ ʩ ʎʇ, 

Ὕ ï ʧʝʨʠʦʜ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʥʝ ʤʝʥʝʝ ʜʚʫʭ 

ʩʦʩʝʜʥʠʭ OFDM ʩʠʤʚʦʣʦʚ ʚ "ʩʢʦʣʴʟʷʱʝʤ ʦʢʥʝ" ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʚ ʚʘʨʠʘʥʪʝ 

ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ 

ʛʨʘʥʠʮʘʤ OFDM ʩʠʤʚʦʣʦʚ ʩʯʠʪʘʝʪʩʷ ʟʘʢʦʥʯʝʥʥʳʤ. ʀʥʬʦʨʤʘʮʠʷ ʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʚʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠʥʪʝʨʚʘʣʘ 

ʧʦʪʝʨʷʥʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ɹʉ ʧʦ ʢʘʥʘʣʫ ʩʣʫʯʘʡʥʦʛʦ ʜʦʩʪʫʧʘ. ɽʩʣʠ ʥʝʪ 

ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʧʝʨʝʭʦʜʘ ʧʠʢʦʚ ɸʂʌ ʎʇ ʚʝʣʠʯʠʥʳ ʧʦʨʦʛʘ ʠʣʠ ʪʦʯʥʦʩʪʠ 

ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ, "ʩʢʦʣʴʟʷʱʝʝ ʦʢʥʦ" ʧʝʨʝʤʝʱʘʝʪʩʷ ʝʱʸ ʥʘ ʦʜʠʥ ʠʥʪʝʨʚʘʣ ʩʣʦʪʘ 

ʧʨʠʥʷʪʦʛʦ ʢʘʜʨʘ ʜʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʣʠʙʦ ʧʦʚʪʦʨʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʨʘʚʠʣʘʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ.  

ʕʪʘʧ 11. ɺʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʚʘʨʠʘʥʪʘ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦʠʩʢ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʠʥʷʪʦʛʦ PSS ʚ "ʩʢʦʣʴʟʷʱʝʤ ʦʢʥʝ" 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚ ʦʜʠʥ OFDM ʩʠʤʚʦʣ ʧʫʪʸʤ ʚʳʯʠʩʣʝʥʠʷ ɺʂʌ ʩ ʵʪʘʣʦʥʥʳʤ PSS ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʠʢʘ ɺʂʌ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʣʫʢʘʜʨʘ ʩ 

ʪʦʯʥʦʩʪʴʶ Ñ 2 ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʘ 

 

ˤ˴̅ † ὖὛὛ † ὰϽὖὛὛᶻ ὰȟ    

ÍÁØάȿɺʂʌ ὰȿ ‗ ȟπ ά
ὓ

ς
ρȟρ ὰ ὒ Ὃȟ 

‗
В В ȿᾀὧὲϽὩὼὴὮς“ϽῳὪ ϽὲϽὝϽὰ  ȿ

ς
ȟ 

 

ʛʜʝ ᾀὧ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ὤὅςυȟφςȟὤὅ ςωȟφς ʠʣʠ :# στȟφς , ʥʘ ʢʦʪʦʨʦʡ 

ʧʦʩʪʨʦʝʥ ʦʜʠʥ ʠʟ ʵʪʘʣʦʥʥʳʭ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ PSS. 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʥʦʤʫ 

ʧʦʣʦʞʝʥʠʶ ʥʘʯʘʣʘ ʧʦʣʫʢʘʜʨʘ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ  ς Ὕ, ʯʪʦ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ 

ʥʘ ʵʪʘʧʝ ʛʨʫʙʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚʦ ʚʨʝʤʝʥʥʦʡ 
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ʦʙʣʘʩʪʠ ʧʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦ ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ PSS 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ SSS. ʅʘʯʘʣʦ ʢʘʜʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʦʜʥʦʛʦ ʠʟ 

ʜʚʫʭ SSS ʧʦʣʫʢʘʜʨʦʚ ʧʨʠ ʠʭ ʜʝʰʠʬʨʘʮʠʠ [53], ʪ.ʝ. ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʥʘʯʘʣʘ ʢʘʜʨʘ ʚʦʟʤʦʞʥʘ ʦʙʨʘʙʦʪʢʘ ʝʱʸ ʦʜʥʦʛʦ ʧʦʣʫʢʘʜʨʘ ʧʨʠ 

ʥʝʫʜʘʯʥʦʡ ʧʦʧʳʪʢʝ ʜʝʰʠʬʨʘʮʠʠ ʫʞʝ ʧʨʠʥʷʪʦʛʦ SSS ʧʝʨʚʦʛʦ ʧʦʣʫʢʘʜʨʘ LTE DL.  

ʕʪʘʧ 12. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʦʣʦʞʝʥʠʶ PSS ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ὛὛὛ 

ʢʘʜʨʘ LTE DL: ὛὛὛ ὖὛὛ ὒ. 

ʕʪʘʧ 13. ɺʳʯʠʩʣʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩʦʪʳ ʧʦ ʠʥʬʦʨʤʘʮʠʠ, 

ʟʘʢʦʜʠʨʦʚʘʥʥʦʡ ʚ PSS,  ὛὛὛȢ  

 

ὔ σὔ ὔ Ȣ 

 

ʕʪʘʧ 14.  ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ  ὶὼὋὶὭὨ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʨʘʥʝʝ ʧʨʦʰʝʜʰʠʭ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʠ ʨʘʙʦʪʘʶʱʠʭ ʩ RB 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ ʢʦʥʮʘ 

ʩʠʤʚʦʣʦʚ ʧʨʦʚʦʜʠʪʩʷ ʧʫʪʸʤ ʚʳʯʠʪʘʥʠʷ ʠʟ ʩʫʤʤʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʥʷʪʦʡ 

ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʠʟʚʝʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʜʘʣʝʝ 

ï ɸʏʍ) ʢʘʥʘʣʘ ʩʚʷʟʠ  

 

ὶὼὋὶὭὨ ὶὼὋὶὭὨǋǋ ὲόὰὰὋὶὭὨϽὌὲᴜ ȣὲᴜ Ȣ 
 

ὶὼὋὶὭὨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʵʣʝʤʝʥʪʥʳʤ ʚʳʯʠʪʘʥʠʝʤ ʠʟ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ 

ʧʨʠʥʷʪʦʛʦ ʢʘʜʨʘ "ʥʫʣʝʚʦʡ" ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ, ʠʟʚʝʩʪʥʦʡ ʥʘ ʧʨʠʸʤʝ, ʤʘʪʨʠʮʘ 

ʢʦʪʦʨʦʡ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʩʪʦʣʙʝʮ ʯʘʩʪʦʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ɸʏʍ ʢʘʥʘʣʘ ʩʚʷʟʠ Ὄὲᴜ ȣὲᴜ Ȣ   ὲᴜ ȣὲᴜ ȟὲ π ï ʥʦʤʝʨʘ ʧʦʜʥʝʩʫʱʠʭ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ LTE DL. ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʦʵʬʬʠʮʠʝʥʪʘʭ 

ɸʏʍ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʝʨʝʜʘʸʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʨʘʥʝʝ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʤ ʩ ɹʉ. 

ὶὼὋὶὭὨ ï ʨʝʩʫʨʩʥʘʷ ʩʝʪʢʘ ʧʨʠʥʠʤʘʝʤʦʛʦ ʢʘʜʨʘ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʩʫʤʤʦʡ ʜʚʦʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ: 
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ὶὼὋὶὭὨ

ừ
Ử
Ừ

Ử
ứ
ὧὧὦȢȢȢȢȢὧὧȢȢȢȢȢȢὦ ȢȢȢȢȢȢȢȢȢὧ ȢȢȢȢȢȢȢȢὦ

ὧὧὦȢȢȢȢȢὧὧȢȢȢȢȢȢὦ ȢȢȢȢȢȢȢȢὧ ȢȢȢȢȢȢȢȢὦ
ȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢ
ὧ ὧ ὦ ὧᾀ ȢȢȢὧ ὧ ȢȢȢὦ ὧᾀ ȢȢȢὧ ȢȢȢὦ ὧᾀ

ὧὧὦ ὧᾀ ȢȢȢȢȢὧὧȢȢȢȢȢȢȢὦ ὧᾀ ȢȢȢȢȢȢȢȢὧ ȢȢȢȢȢȢȢὦ ὧᾀ ữ
Ử
Ữ

Ử
ử

 

 

ʛʜʝ ὦ ǋ ὧᾀǋ ï ʵʣʝʤʝʥʪʳ ʩʫʤʤʳ ʜʚʦʠʯʥʦʡ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ;  

ὲόὰὰὋὶὭὨϽὌὲᴜ ȣὲᴜ  ï ʧʨʦʠʟʚʝʜʝʥʠʝ "ʥʫʣʝʚʦʡ" ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ, 

ʠʟʚʝʩʪʥʦʡ ʥʘ ʧʨʠʸʤʥʦʡ ʩʪʦʨʦʥʝ, ʵʣʝʤʝʥʪʳ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʢʦʪʦʨʦʡ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʝ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ɹʉ, ʟʘʧʦʣʥʝʥʳ ʵʣʝʤʝʥʪʘʤʠ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὲόὰὰὋὶὭὨϽὌὲᴜ ȣὲᴜ

 

ừ
Ử
Ừ

Ử
ứ
πππȣȢȢππȣȣπȣȣȣπȣȣȢȢπ
πππȣȢȢππȣȣπȣȣȢȢπȣȣȢȢπ
ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢ
ππὧᾀ ȣππȣȣπȣὧᾀ ȣȣπȣὧᾀ

ππὧᾀȣȢȢππȣȣπȣὧᾀȣȣπȣȣȢὧᾀ ữ
Ử
Ữ

Ử
ử

Ȣ

ừ
Ử
Ừ

Ử
ứ
Ὄ ὲ ρ

Ὄ ὲ ς
ȣȣȣȢȢ
Ὄ ὲ συ

Ὄ ὲ σφữ
Ử
Ữ

Ử
ử

ȟ 

 

ʛʜʝ Ὄ ὲ ï ὲ-ʡ ʯʘʩʪʦʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ɸʏʍ ʢʘʥʘʣʘ ʩʚʷʟʠ, σφ ὲ σφ, ὲ πȢ 

˜̑̉ ̍̏̅̆̌̉̑̏̃́̎̉̉ ̠̏̑̍̉̑̏̃́̎̉̕ ̋́̅̑́ȟ ̆̄̏ ̖̠̐̑̏̏̇̅̆̎̉ ̘̆̑̆̈ ̋́̎́̌ 

̠̒̃̈̉ ̉ ̏̂̑́̂̏̓̋̉ ̃ ̟̍̏̅̆̌̉̑̔̆̊̚ ̒̉̒̓̆̍̆ ̠̜̐̑̉̎̓ ̝̓̏̌̋̏ 

̝̜̐̏̌̏̇̉̓̆̌̎̆ ̜̉̎̅̆̋̒ ̜̖̉̒̒̌̆̅̔̆̍ ̘̃̆̌̉̉̎ȟ ̓Ȣ̆Ȣ ρ ὲ χς. 

ʇʨʠʥʷʪʘʷ ʨʝʩʫʨʩʥʘʷ ʩʝʪʢʘ ʢʘʜʨʘ LTE DL ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ RB ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ, ʚʳʜʝʣʝʥʥʳʤ ɹʉ ʨʘʥʝʝ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 

 

ὶὼὋὶὭὨ

ừ
Ử
Ừ

Ử
ứ
ὧὧὦȣȢȢὧὧȣȣὦ ȣȣȣὧ ȣȣȢȢὦ

ὧὧὦȣȢȢὧὧȣȣὦ ȣȣȢȢὧ ȣȣȢȢὦ
ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢ
ὧ ὧ ὦ ȣὧ ὧ ȣὦ ȣὧ ȣὦ

ὧὧὦȣȢȢὧὧȣȣȢὦ ȣȣȢȢὧ ȣȣȢὦ ữ
Ử
Ữ

Ử
ử

Ȣ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʬʦʨʤʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʤ ʨʘʩʧʨʝʜʝʣʝʥʳ RB 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ.  
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ʇʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ɹʉ 

ʚʳʧʦʣʥʷʶʪʩʷ 1 ï 13 ʵʪʘʧʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʦʢʘ ʥʝ ʧʦʪʝʨʷʥʦ ʤʝʩʪʦ ʚ "ʦʯʝʨʝʜʠ" ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʘ ʚʳʩʰʠʭ 

ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ ʩʮʝʥʘʨʠʝʤ ʩʚʷʟʠ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ɹʉ ʠ 

ʢʘʥʘʣʝ ʩʚʷʟʠ. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʚʳʧʦʣʥʷʶʪʩʷ ʧʝʨʚʳʝ 10 ʵʪʘʧʦʚ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʟʘʪʝʤ, ʧʦ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ɹʉ ʦ ʥʦʤʝʨʝ ʧʝʨʝʜʘʥʥʦʛʦ 

ʢʘʜʨʘ ʠ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʪʝʨʷʥʘ ʯʘʩʪʴ ʩʠʤʚʦʣʦʚ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʢʫʱʝʛʦ ʮʠʢʣʘ 

ʧʨʠʸʤʘ ʠ ʜʝʣʘʝʪ ʟʘʧʨʦʩ ɹʉ ʥʘ ʧʦʚʪʦʨʝʥʠʝ ʢʘʜʨʘ ʩ ʧʦʪʝʨʷʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. 

 

 

 

3.2 ɸʣʛʦʨʠʪʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʘʜʨʘ LTE ʧʦ ʛʨʘʥʠʮʘʤ OFDM ʩʠʤʚʦʣʦʚ 

ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠʣʠ ʠʭ 

ʩʫʤʤʦʡ ʩ ʜʚʦʠʯʥʳʤʠ ʜʘʥʥʳʤʠ 

 

 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL ʧʦ 

ʛʨʘʥʠʮʘʤ OFDM ʩʠʤʚʦʣʦʚ ʫʯʠʪʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ: 

1) ʇʝʨʚʦʝ ʚʢʣʶʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʩʫʤʤʘʨʥʦʝ 

ʚʨʝʤʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʷʪʠ ʵʪʘʧʦʚ (ʧʦʜʨʘʟʜʝʣ 1.4) ʩʦʩʪʘʚʣʷʝʪ 

ὓρὝ  ͯςππ̍̒ɀσυπ̍̒  [1]. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ 

ʧʦʣʦʞʝʥʠʶ ʧʠʢʘ ɺʂʌ PSS ʪʝʦʨʝʪʠʯʝʩʢʠ ~ πȢυὝ Ὕ υʤʩπȟυʤʩȢ ʕʪʦ 

ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʫʶʪ ʝʱʸ ʪʨʠ ʵʪʘʧʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʙʝʟ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʠʭ ʧʨʦʚʝʜʝʥʠʷ.  

2) ʉʣʫʯʘʡʥʘʷ ʧʦʪʝʨʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʇʨʠ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ὓρὝ  ͯπȟςυ̍̒ ʧʨʠ 

ʜʦʧʫʱʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʠʢʦʚ ʥʘ ʠʥʪʝʨʚʘʣʝ 
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"ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ" ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʚʦʛʦ ʩʣʦʪʘ 

"ʦʢʥʘ" ʧʨʠʝʤʘ.  

ʂʘʢ ʚ ʚʘʨʠʘʥʪʝ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ, ʪʘʢ ʠ ʚ ʚʘʨʠʘʥʪʝ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʫʯʠʪʳʚʘʝʪ ʜʚʘ 

ʚʘʨʠʘʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL: 

1) ʕʣʝʤʝʥʪʘʤʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʟ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ. 

2) ʉʫʤʤʦʡ ʵʣʝʤʝʥʪʦʚ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʜʘʥʥʳʭ ʢʦʥʮʦʚ 

ʩʠʤʚʦʣʦʚ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ. 

ʇʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʟʘʧʦʣʥʝʥʠʷ 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠʥʪʝʨʚʘʣʦʚ OFDM ʩʠʤʚʦʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.1.  

 

 
ʈʠʩʫʥʦʢ 3.1 ï ʎʠʢʣʠʯʝʩʢʘʷ ɸʂʌ ʎʇ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ LTE DL ʢʘʜʨʘ 

ʘ) ï ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ; ʙ) ï ʚʘʨʠʘʥʪ 

ʧʨʦʪʦʪʠʧʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ; ʚ) ï ʚʘʨʠʘʥʪ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ CAZAC 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʬʠʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʠ ʚʘʨʠʘʥʪʦʤ ʧʨʦʪʦʪʠʧʘ ʧʦ 

ʘʤʧʣʠʪʫʜʝ ʧʠʢʦʚ ʠ ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʤʫ ʢ ʠʜʝʘʣʴʥʦʤʫ 
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ʚʘʨʠʘʥʪʫ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ OFDM, ʪ.ʝ. ʧʨʠ ʍ=137, 274, 411, 548, 685, 

822. (Ὕ ρσχ ̜̖̃̑̆̍̆̎̎ ̘̏̓̒̆̓̏̃. 

ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʥʮʠʧ ʧʨʦʚʝʜʝʥʠʷ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʵʪʘʧʦʚ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮʳ ʥʘʯʘʣʘ ʢʘʜʨʘ LTE 

DL, ʪ.ʝ. ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ɹʉ.  

 

 
                

 

II ʵʪʘʧ ï ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʠʢʘ ɺʂʌ PSS (ʧʦ ʥʘʯʘʣʫ ʧʦʣʫʢʘʜʨʘ LTE). 

 
  

II ʵʪʘʧ ï ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʠʢʘ ɺʂʌ PSS ʚ ʫʚʝʣʠʯʝʥʥʦʤ ʬʦʨʤʘʪʝ ʩ ʛʨʥʠʮʘʤʠ 4-ʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʠʤʚʦʣʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ ʪʦʯʥʦʩʪʠ ʛʨʘʥʠʮ Ñ2 

ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʘ, ʧʨʠʯʝʤ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʢʘʞʜʦʛʦ ʠʟ 4-ʭ ʩʤʝʞʥʳʭ ʩʠʤʚʦʣʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʣʶʙʳʤ ʚʥʫʪʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɻʨʘʥʠʮʳ ʚʳʜʝʣʝʥʳ ʢʨʘʩʥʳʤʠ ʢʚʘʜʨʘʪʘʤʠ, ʠʭ 

ʟʥʘʯʝʥʠʷ ï 274 ʠ 822 ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʘ, ʪ.ʝ. 822-274=548=137ʭ4 ï ʯʝʪʳʨʝ ʩʤʝʞʥʳʭ ʩʠʤʚʦʣʘ. 

 
        

  

III ʵʪʘʧ ï ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʠʢʘ ɺʂʌ SSS (ʧʦ ʥʘʯʘʣʫ ʢʘʜʨʘ LTE). 

 

ʈʠʩʫʥʦʢ 3.2 ï ɼʠʘʛʨʘʤʤʳ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʵʪʘʧʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʦ ʧʦʣʫʯʝʥʠʷ 

ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮʳ ʥʘʯʘʣʘ ʢʘʜʨʘ LTE DL 

 

ɸʧʝʨʠʦʜʠʯʝʩʢʘʷ ɸʂʌ SSS, ʧʦ ʧʠʢʫ 

ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʦ ʢʘʜʨʘ LTE 

SSS1Ờ SSS2 

ɸʧʝʨʠʦʜʠʯʝʩʢʘʷ ɸʂʌ PSS, ʧʦ ʧʠʢʫ 

ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʦ ʧʦʣʫʢʘʜʨʘ 
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ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʪʦʣʴʢʦ 

ʩʠʤʚʦʣʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ, ʪ.ʝ. ʥʝ ʤʦʜʠʬʠʮʠʨʫʪʁʩʷ ʢʦʥʮʳ 28 ʩʠʤʚʦʣʦʚ ʩ 

ʥʦʤʝʨʘʤʠ 

ὔ ρȟςȟφȟχȟψȟωȟρπȟρρȟρυȟρφȟςωȟσπȟτσȟττȟυχȟυψȟχρȟ 
χςȟχφȟχχȟψυȟψφȟωωȟρππȟρρσȟρρτȟρςχȟρςψȟ 

 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 20% ʦʪ ʯʠʩʣʘ ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ LTE DL (ʨʠʩʫʥʦʢ 

1.6).  

ɺ ʘʣʛʦʨʠʪʤʝ ʫʯʪʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʷʪʦʛʦ ʢʘʜʨʘ LTE DL: 

- "ʦʢʥʦ" ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ 

 ὔ ὔ Ƞ 

- "ʩʢʦʣʴʟʷʱʝʝ ʦʢʥʦ" ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʧʨʠ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʝ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ὔ ωυω ̜̖̃̑̆̍̆̎̎ ̘̏̓̒̆̓̏̃ χ ̒̉̍̃̏̌̏̃. 

ʅʘ ʨʠʩʫʥʢʝ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʦʙʦʙʱʸʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ OFDM ʩʠʤʚʦʣʦʚ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʠʥʪʝʨʚʘʣʦʚ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ 

ʢʘʜʨʘ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ɹʉ, ʵʣʝʤʝʥʪʘʤʠ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʣʠʙʦ ʠʭ ʩʫʤʤʦʡ ʩ ʜʚʦʠʯʥʳʤʠ ʜʘʥʥʳʤʠ. ɺ ʘʣʛʦʨʠʪʤʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

- ὔ ï ʯʠʩʣʦ ʧʦʜʥʝʩʫʱʠʭ ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, 

- ὔρȣὔὭ ï ʦʙʱʝʝ ʯʠʩʣʦ ʧʦʜʥʝʩʫʱʠʭ ρȣὴ  ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

- ὲ ï ʥʦʤʝʨ ʧʦʜʥʝʩʫʱʝʡ OFDM ʩʠʤʚʦʣʘ ʙʝʟ ʎʇ, 

- ὓ ï ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ, 

- ά ï ʥʦʤʝʨ ʩʠʤʚʦʣʘ ʢʘʜʨʘ, 

- άρ ȣ άὭ ï ʦʙʱʝʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʤʚʦʣʘʭ ρȣὴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

- ɝὪ  ï ʯʘʩʪʦʪʥʳʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʧʦʜʥʝʩʫʱʠʤʠ, 

- ὒ ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʠʤʚʦʣʘ, 

- ὰ ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʠʤʚʦʣʘ, 

- ὑ ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʥʮʘ ʩʠʤʚʦʣʘ, 

- Ὧ ï ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʥʮʘ ʩʠʤʚʦʣʘ, 
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- ὅὃὤὃὅὯ ὧᾀ ï ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ɿʘʜʦʚʘ-ʏʫ, ʌʨʵʥʢʘ), 

- ‗ ï ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʧʦʨʦʛʘ ʜʣʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ, 

- ‗  ï ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʧʦʨʦʛʘ ʜʣʷ ʧʠʢʘ ɺʂʌ PSS.  
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ʈʠʩʫʥʦʢ 3.3 ï ʆʙʦʙʱʸʥʥʳʡ ʘʣʛʦʨʠʪʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

OFDM ʩʠʛʥʘʣʦʚ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʦʚ OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠʣʠ ʠʭ ʩʫʤʤʦʡ ʩ ʜʚʦʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ 

 

ʅʘ ʧʨʠʸʤʥʦʡ ʩʪʦʨʦʥʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʩʠʤʚʦʣʦʚ 

ʚʳʙʨʘʥʥʦʛʦ "ʦʢʥʘ" ʧʨʠʸʤʘ ʬʦʨʤʠʨʫʶʪʩʷ ʧʠʢʠ ɸʂʌ, ʧʨʝʚʳʰʘʶʱʠʝ ʚʳʯʠʩʣʷʝʤʳʡ 

ʧʦʨʦʛ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʜʦʧʫʩʪʠʤʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ Ñ2 

ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʘ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʧʦʜʨʘʟʜʝʣʝ 3.4. 

 

 

 

3.3 ʆʮʝʥʠʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʩʠʛʥʘʣʦʚ ʩ OFDM 

 

 

 

ɺ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʦʮʝʥʦʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʦʚ 
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ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL ʜʚʦʠʯʥʳʤʠ (Ὀ ὦὭὸȟὓ  ʠ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ: 

 ï ʢʣʶʯʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠʤʝʥʷʝʤʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ὓὊ, 

 ï ʧʠʢ-ʬʘʢʪʦʨʘ ὖὃὖὙ ʜʣʷ ʚʘʨʠʘʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʩʫʤʤʦʡ 

ʵʣʝʤʝʥʪʦʚ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ,  

 ï ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ (ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ) ʚʨʝʤʝʥʠ ʚʭʦʞʜʝʥʠʷ ʚ 

ʩʠʥʭʨʦʥʠʟʤ ὓρὝ , 

ï ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʯʘʩʪʦʪʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ ʀ, 

ï  ʚʝʣʠʯʠʥʳ ʜʨʦʙʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ Ўʒ, 

ï ʪʦʯʥʦʩʪʠ ʩʠʤʚʦʣʴʥʦʡ ʠ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ 

( Ὠ† ).  

 

 
 

3.3.1 ʆʮʝʥʠʚʘʥʠʝ ʟʥʘʯʝʥʠʷ ʤʝʨʠʪ-ʬʘʢʪʦʨʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

 

 

 

ʆʮʝʥʢʘ ὓὊ ï ʦʪʥʦʰʝʥʠʝ ʤʦʜʫʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʠ (ɸʂʌ, ɺʂʌ) ʢ ʤʦʜʫʣʶ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʝʸ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ὓὊ Ὀ ὦὭὸȟὓ  ʠ 

ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ὤὅ ʠ Ὂὶ ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ (2.8) ʜʣʷ ɸʂʌ, 

(2.9) ʜʣʷ ɺʂʌ ʢʘʢ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ 

 

ὓὊɸʂʌ
ɸʂʌ

В ɸʂʌ ɸʂʌȾ
ȟ       

 

ὓὊɺʂʌ
ɺʂʌ

В ɺʂʌ ɺʂʌȾ
Ȣ       
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3.3.2 ʆʮʝʥʠʚʘʥʠʝ ʟʥʘʯʝʥʠʷ ʧʠʢ-ʬʘʢʪʦʨʘ ʜʣʷ OFDM ʩʠʤʚʦʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ  

 

 

 

ʆʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʢ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 

ʥʘʟʳʚʘʝʪʩʷ ʧʠʢ-ʬʘʢʪʦʨʦʤ (Peak-to-Average-Power-Ratio, ʜʘʣʝʝ ï ὖὃὖὙ) [27]. 

ʆʮʝʥʢʘ ʟʥʘʯʝʥʠʷ ὖὃὖὙ ʜʣʷ ʩʣʫʯʘʝʚ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE 

DL ʩʫʤʤʦʡ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ Ὀ ὦὭὸ ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ. 

 

ὖὃὖὙ
άὥὼȿὼὸȿ

Ὁȿὼὸȿ
ȟ                                                                   σȢσ 

 

ʛʜʝ άὥὼȿὼὸȿ  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ, 

Ὁȿὼὸȿ  ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ) ʤʦʱʥʦʩʪʠ 

ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ  ȿὼὸȿ. 

 

 

 

3.3.3 ʆʮʝʥʠʚʘʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʚʭʦʞʜʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʤ  

 

 

 

ʆʮʝʥʢʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʚʭʦʞʜʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʤ ὓρὝ  ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ɸɹɻʐ ʩ 

˛˞˥ π̅ȟˎρπ̅ȟˎυπ̅ˎ ʩ ʟʘʜʘʥʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ  

ὖ ρπȟρπȟρπȟρπ  ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ [17] 

 

ὓρὝ
ς ὖ̏ ̂Ͻὲ ρϽὝ

ςϽὖ̏ ̂
ȟ σȢτ 

 

ʛʜʝ ὲ  ï ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʥʘʙʣʶʜʝʥʠʷ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʠʥʪʝʨʚʘʣʦʚ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʦʚ OFDM ʚ ʚʳʙʨʘʥʥʦʤ "ʦʢʥʝ" ʧʨʠʸʤʘ ʠʣʠ "ʩʢʦʣʴʟʷʱʝʤ 

ʦʢʥʝ" ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ), 

Ὕ  ï ʜʣʠʪʝʣʴʥʦʩʪʴ OFDM ʩʠʤʚʦʣʘ, 
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ὖ̏  ̂ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʝʚʳʰʝʥʠʷ ʧʦʨʦʛʘ ʧʠʢʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʥʘ ʠʥʪʝʨʚʘʣʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʎʇ 

OFDM ʩʠʤʚʦʣʘ) [83]: 

 

ὖ̏ ̂

ρ

ς
ρ ʌὓὊ Ὄ ȟ                                                             σȢυ 

 

ʛʜʝ ʌὼ ï ʬʫʥʢʮʠʷ ʃʘʧʣʘʩʘ [84], ʌὼ
Ѝ
᷿Ὡ Ὠὸȟ 

      ὓὊ ï ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʤʝʨʠʪ-ʬʘʢʪʦʨʘ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ, 

Ὄ  ï ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ὓὊ,  ʚʳʯʠʩʣʷʝʤʘʷ ʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ὖ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

(3.6). 

ὖ
ρ

ς
Ͻρ ˡ

Ὄ

ὔ

ρ

ς
Ͻρ ˡὌ Ȣ                                           σȢφ 

ʛʜʝ Ὄ  ï ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʚʝʣʠʯʠʥʦʡ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ. 

 ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʦʨʦʛʦʚʘʷ ʚʝʣʠʯʠʥʘ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʚʝʣʠʯʠʥʦʡ 

ὓὊ, ʚʳʯʠʩʣʷʝʤʦʡ ʠʟ ʚʳʨʘʞʝʥʠʷ (2.8) ʜʣʷ ɸʂʌ ʎʇ ʠ ʚʢʣʶʯʘʶʱʘʷ ʆʉʐ ʢʘʥʘʣʘ 

ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʜʨʘ LTE DL. 

 

 

 

3.3.4 ʆʮʝʥʠʚʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ OFDM 

ʩʠʤʚʦʣʦʚ 

 

 
 

ʆʮʝʥʢʘ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪ ʧʦʜʥʝʩʫʱʠʭ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ OFDM ʩʠʤʚʦʣʦʚ 

ʯʝʨʝʟ ʤʥʦʛʦʣʫʯʝʚʦʡ ʢʘʥʘʣ ʰʠʨʦʢʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ [15, 19, 21, 44, 49 ï 52], ʧʨʠʯʸʤ ʚ [19] 

ʧʨʠʚʝʜʸʥ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʦʛʦ ʠ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ɸʣʛʦʨʠʪʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ 

ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʛʨʫʙʦʡ ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

[16].  
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ɺ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ Ů ʚ ʠʥʪʝʨʚʘʣʝ πȢπυ  ʀ  πȢς 

ʩ ʰʘʛʦʤ πȢπυ ʜʣʷ ʩʣʫʯʘʝʚ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʜʚʦʠʯʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ (ʢʘʢ ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ 

ʟʘʧʦʣʥʝʥʠʷ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʥʘ 

ʧʨʠʤʝʨʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὤὅ [85]. ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʸʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʘʜʨʦʤ OFDM ʩʠʤʚʦʣʦʚ ʈʵʣʝʝʚʩʢʦʛʦ 

ʢʘʥʘʣʘ ʧʦʣʫʯʝʥʦ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ [15, 44]. 

ʇʨʠ ʨʘʩʯʸʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ, ʙʣʠʟʢʦʛʦ ʢ ʢʘʥʘʣʫ ʩ 

"ʤʝʜʣʝʥʥʳʤʠ" ʟʘʤʠʨʘʥʠʷʤʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʯʘʩʪʦʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ 

ʢʘʥʘʣʘ Ὄ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ [15] 

 

Ὄ ὬÅØÐὮς́
†Ͻ ὰ

ὝϽὒ
ȟ                                             σȢψ 

 

ʛʜʝ ὰ ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ, ρ ὰ , 

ὒ ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ OFDM ʩʠʤʚʦʣʘ, ʨʘʚʥʦʝ ʯʠʩʣʫ ʧʦʜʥʝʩʫʱʠʭ,  ὒ

ὔȟ 

ὶ ï ʥʦʤʝʨ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ, 

ρ  ὶ  Ὑ, 

Ὤ ï ʟʥʘʯʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʩʪʦʷʥʥʦʝ ʥʘ r-ʦʤ ʧʫʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, 

† ï ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʥʘ r-ʦʤ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, 

Ὕ ï ʧʝʨʠʦʜ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ. 

ʉʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ ʠ ʬʘʟʳ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ ʦʪ ʠʭ 

ʠʩʪʠʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʠʛʥʘʣʘ ʚ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ȹὸ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʜʚʫʤʷ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʯʘʩʪʦʪʥʦʛʦ (ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ) ʩʤʝʱʝʥʠʷ: ʮʝʣʦʛʦ ʯʠʩʣʘ ʢʦʣʝʙʘʥʠʡ 
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ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ὰ , ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʧʝʨʠʦʜ, ʠ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ 

ʩʤʝʱʝʥʠʷ: 

 ɝὸ ὰ ϽὝ ɝὸ ὰ ϽὝ
Ͻ
ȟὰ πȟρȟςȟȣȢȢ

Ͻ
,                       (3.9)  

ʛʜʝ Ὕ  ï ʧʝʨʠʦʜ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ Ὢ, 

ὰ  ï ʯʠʩʣʦ ʮʝʣʳʭ ʧʝʨʠʦʜʦʚ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ 

ɝʒ  ï ʜʨʦʙʥʘʷ ʯʘʩʪʴ (ʪ.ʝ. ʤʝʥʝʝ ʧʝʨʠʦʜʘ Ὢ) ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ:  

π ɝʒ ςʌ, 

Ͻ
 ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʜʣʷ ʜʘʥʥʦʡ ɹʉ (ʧʦ 

ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ), 

ὒ  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ɹʉ ʜʦ ʛʨʘʥʠʮʳ ʩʦʪʳ, 

ὠ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ (ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ). 

ɺ ʩʣʫʯʘʝ ʤʥʦʛʦʵʪʘʧʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʵʪʘʧʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ 

ɸʂʌ ʎʇ OFDM ʩʠʤʚʦʣʦʚ ʜʦʩʪʘʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʛʨʫʙʘʷ ʚʨʝʤʝʥʥʘʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʧʠʢʘʤ ɸʂʌ ʎʇ. ʌʘʟʦʚʦʝ ʩʤʝʱʝʥʠʝ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʥʘ 

ʛʨʘʥʠʮʘʭ ʩʠʤʚʦʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʩʯʸʪ ʚʝʣʠʯʠʥʳ ʜʘʥʥʦʛʦ ʩʤʝʱʝʥʠʷ 

ʥʘ ʚʝʣʠʯʠʥʳ ʯʘʩʪʦʪʥʳʭ ʠ ʬʘʟʦʚʳʭ ʩʤʝʱʝʥʠʡ ʧʦʜʥʝʩʫʱʠʭ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ 

 

ὰϽ
ρ

Ὢ

ρ

ὪϽὯ
ὰ Ͻ

ρ

Ὢ

ρ

Ὢ Ͻά  
ȟ 

 

ʛʜʝ ὰ ï ʯʠʩʣʦ ʧʦʣʥʳʭ ʧʝʨʠʦʜʦʚ Tc ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ Ὢ,  

Ͻ
 ï ʜʨʦʙʥʘʷ ʯʘʩʪʴ ʧʝʨʠʦʜʘ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ, (Ὧ ςȟσȟȣ),  

ὰ  ï ʯʠʩʣʦ ʧʦʣʥʳʭ ʧʝʨʠʦʜʦʚ Tsc ʧʦʜʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ, 

Ͻ
 ï ʜʨʦʙʥʘʷ ʯʘʩʪʴ ʧʝʨʠʦʜʘ ʧʦʜʥʝʩʫʱʝʡ, (ά ςȟσȟȣ). 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʥʝʩʫʱʝʡ ʚʳʯʠʩʣʷʝʪʩʷ 

ʯʠʩʣʦ ʧʦʣʥʳʭ ʧʝʨʠʦʜʦʚ Tsc ʧʦʜʥʝʩʫʱʝʡ ʠ ʜʨʦʙʥʘʷ ʯʘʩʪʴ ʧʝʨʠʦʜʘ:  
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 Ὢ
Ͻ

ỗὰỘ   Ў• . ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ỗὰỘ ï ʮʝʣʦʝ 

ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʧʦʜʥʝʩʫʱʝʡ, Ў•  ï ʜʨʦʙʥʘ ̫ʯʘʩʪ ɹʧʝʨʠʦʜʘ ʧʦʜʥʝʩʫʱʝʡ. 

ʅʘ ʵʪʘʧʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ɸʂʌ ʎʇ OFDM ʩʠʤʚʦʣʦʚ ʚʦʟʤʦʞʥʦ 

ʚʳʯʠʩʣʝʥʠʝ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʧʝʨʠʦʜʦʚ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ. ʅʘʭʦʞʜʝʥʠʝ ʯʠʩʣʘ 

ʧʦʣʥʳʭ ʧʝʨʠʦʜʦʚ ʧʦʜʥʝʩʫʱʠʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ɹʉ ʜʦ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʵʪʘʧʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ɺʂʌ PSS [16]. OFDM ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ ʧʦʣʦʩʳ ʯʘʩʪʦʪ, ʚʳʜʝʣʝʥʥʦʡ ʜʣʷ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ɹʉ ʩ ʤʦʙʠʣʴʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʟʘ ʩʯʸʪ ʧʣʦʪʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʧʝʢʪʨʦʚ ʧʦʜʥʝʩʫʱʠʭ ʩ ʰʘʛʦʤ Ὢ  , ʯʪʦ ʦʪʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.4 [16]. ɼʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʩʠʥʬʘʟʥʦʡ ʠ ʢʚʘʜʨʘʪʫʨʥʦʡ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʦʚ 

ʧʦʜʥʝʩʫʱʠʭ ʜʦʧʫʩʪʠʤʦʝ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ ςȟςυϷ ʦʪ 

ʰʠʨʠʥʳ ʧʦʣʦʩʳ, ʟʘʥʠʤʘʝʤʦʡ ʢʘʜʨʦʤ OFDM. ʆʮʝʥʢʘ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ ʚʢʣʶʯʘʝʪ 

ʩʨʘʚʥʝʥʠʝ ʬʘʟ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʥʠʮʘʤ 

ʧʨʠʥʷʪʳʭ ʩʠʤʚʦʣʦʚ OFDM, ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʢʘʜʨʝ LTE DL ʚ ʚʘʨʠʘʥʪʘʭ 

ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ Ὀ ὦὭὸ (ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ 

ʟʘʧʦʣʥʝʥʠʷ ʎʇ), ʣʠʙʦ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ.  

 

 
ʈʠʩʫʥʦʢ 3.4 ï ɻʨʘʬʠʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʩʠʤʚʦʣʘ 

OFDM ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ 

ὪὝ   Ὢ ɝὪ ϽὯ ȟὯ ρȟςȟȣ  
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ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʦʮʝʥʢʠ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ ï ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ [15], ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʘʥʘʣʠʟʝ ʬʫʥʢʮʠʠ  ï 

ʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʠʠ ʩʠʤʚʦʣʘ OFDM ʢ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ɸɹɻʐ, ʣʠʙʦ ʥʘ ʘʥʘʣʠʟʝ ʚʝʣʠʯʠʥʳ ʤʝʨʠʪ-ʬʘʢʪʦʨʘ (2.8) ʜʣʷ ʚʘʨʠʘʥʪʘ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʨʘʩʩʯʠʪʘʥ ʥʘ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʠʥʪʝʨʚʘʣʘ  ῳὪ  [44]. 

ʇʝʨʝʜʘʚʘʝʤʳʡ ʩʠʤʚʦʣ OFDM ὼ ʟʘʜʘʸʪʩʷ -ʪʦʯʝʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ὔ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ 

  

ὼ
ρ

ὒ
ὢ ϽÅØÐ

ὮϽς́ ϽὲϽὰ

ὒ
ȟ 

 

ʛʜʝ ὰ πȟρȟςȟȣὒ ρȟὒ ςὔ ρ 

ὔ ὲ ὔ ï ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʥʘ ʠʥʪʝʨʚʘʣʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʘ 

ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʜʥʝʩʫʱʠʝ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʚʝʣʠʯʠʥʘʤʠ ὢ . 

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʈʵʣʝʝʚʩʢʠʡ ʢʘʥʘʣ ʩʚʷʟʠ c ɸɹɻʐ, ʢʦʤʧʣʝʢʩʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ 

 

ὼ В Ὄὢ ϽÅØÐ
Ͻ́ Ͻ ŮϽ

ύȟ                                σȢρπ  

 

ʛʜʝ Ὄ  ï ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʢʘʥʘʣʘ ʥʘ ʯʘʩʪʦʪʝ ὲ-ʦʡ ʧʦʜʥʝʩʫʱʝʡ,  

ʀ ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʯʘʩʪʦʪʥʦʝ ʩʤʝʱʝʥʠʝ ʢʘʥʘʣʘ (ʦʪʥʦʰʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ 

(ʘʙʩʦʣʶʪʥʦʛʦ) ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ ʢ ʯʘʩʪʦʪʥʦʤʫ ʠʥʪʝʨʚʘʣʫ ɝὪ  ʤʝʞʜʫ 

ʧʦʜʥʝʩʫʱʠʤʠ), 

ύï ὰ-ʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʚʨʝʤʝʥʥʦʡ ʦʪʩʯʸʪ ʦʛʠʙʘʶʱʝʡ ɸɹɻʐ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʘ ʟʥʘʯʠʪ ʠ ʧʝʨʝʜʘʪʦʯʥʘʷ 

ʬʫʥʢʮʠʷ ʢʘʥʘʣʘ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ ʜʣʠʪʝʣʴʥʦʩʪʠ OFDM ʩʠʤʚʦʣʘ 

ʠ ʎʇ ʜʣʠʥʦʡ Ὃ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ. ɺʚʝʜʝʥʠʝ ʟʘʱʠʪʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʝʨʝʜ 

ʠʥʬʦʨʤʮʠʦʥʥʦʡ ʯʘʩʪʴʶ ʩʠʤʚʦʣʘ ï ʧʨʠ ʫʩʣʦʚʠʠ Ὕ †. 
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 ˏ̐ ̑̆̅̒̓́̃̌̆̎̎̏̍ ̜̃̑́̇̆̎̉̉ † ï ʜʣʠʥʘ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ. ɺʚʝʜʝʥʠʝ ʟʘʱʠʪʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʥʝ ʥʘʨʫʰʘʝʪ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʳʭ ʧʦʜʥʝʩʫʱʠʭ ʥʘ ʠʥʪʝʨʚʘʣʝ ὒ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ 

ʩʠʤʚʦʣʘ OFDM. ʉʤʝʱʝʥʠʝ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʚ ʧʨʠʥʠʤʘʝʤʦʤ ʩʠʛʥʘʣʝ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪ ʧʦʜʥʝʩʫʱʠʭ ʚ OFDM ʩʠʤʚʦʣʝ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʜʝʤʦʜʫʣʷʮʠʠ, ʨʝʘʣʠʟʫʝʤʦʛʦ ʩ ʧʦʤʦʱʴʶ ɼʇʌ. 

ʇʨʦʮʝʜʫʨʘ ɼʇʌ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (3.11). 

 

ὢ ὼϽÅØÐ
ὮϽς“ϽὲϽὰ

ὒ
Ȣ                                              σȢρρ 

 

ɼʣʷ ὲ-ʛʦ ʵʣʝʤʝʥʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʇʌ, ʚʳʨʘʞʝʥʠʝ (3.11), ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ 

 

ὢ ὢ ϽὌ Ͻ
ÓÉÎ́Ů

ὒϽÓÉÎ
ˊŮ
ὒ

ϽÅØÐὮ́ Ů
ὒ ρ

ὒ
Ὅ ὡȢ              σȢρς 

 

ʇʝʨʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ὢ -ʪʦʡ ʚʝʣʠʯʠʥʳ ï ʦʮʝʥʢʘ ʧʦʜʥʝʩʫʱʝʡ, 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʵʣʝʤʝʥʪʦʤ ὢ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ OFDM ʩʠʤʚʦʣʘ, 

ʠʩʢʘʞʘʝʪʩʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʢʘʥʘʣʘ Ὄ , ʯʪʦ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʯʘʩʪʦʪʳ. ʇʦʩʢʦʣʴʢʫ ὒ ʚʩʝʛʜʘ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʌʀ, 

ÓÉÎʌʀȾὒ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ ʌʀ. ɺʪʦʨʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ï ʵʪʦ ʤʝʞʢʘʥʘʣʴʥʘʷ 

ʯʘʩʪʦʪʥʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ (Intercarriers interference, ʜʘʣʝʝ ï ICI), ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʩʤʝʱʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ Ů
ȟȹ

ȹ
πȟυ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 

Ὅ ὢ ϽὌ Ͻ
ÓÉÎ́Ů

ὔϽÓÉÎ
ˊὲ ὲ Ů

ὔ

ϽÅØÐ
Ὦ́ ŮϽὔ ρ

ὔ

ϽÅØÐ
Ὦ́Ͻὲ ὲ

ὔ
ȟ                                                                                       σȢρσ 

  

ʛʜʝ ὔ ὲ ὔȟ   ὔ  ὲ ὔ. 
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ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʯʘʩʪʦʪʥʦʝ ʩʤʝʱʝʥʠʝ ʢʘʥʘʣʘ ʀ πȟυ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ICI ʦʮʝʥʠʚʘʶʪʩʷ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʵʣʝʤʝʥʪʘʤʠ ὢ , ὢ  ʟʥʘʯʝʥʠʷ Ὅ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʥʫʣʝʚʦʝ ʩʨʝʜʥʝʝ, ʪ.ʝ. ὉὍ π ʠ -ʢʦʨʨʝʣʷʮʠʶ, ʪ.ʝ. ʵʪʠ ʟʥʘʯʝʥʠʷ 

ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʳ: ὢȟὢᶻ ȿὢȿϽ‏ . ʊʨʝʪʴʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ï ὲ-ʳʡ ʦʪʩʯʸʪ 

ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ɸɹɻʐ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʚ ʧʦʣʦʩʝ ʮʝʥʪʨʘʣʴʥʳʭ 

ʧʦʜʥʝʩʫʱʠʭ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ. 

ʇʦʣʘʛʘʷ ʤʦʜʫʣʴ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʢʘʥʘʣʘ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ OFDM 

ʩʠʤʚʦʣʘ ʧʦʩʪʦʷʥʥʳʤ, ʪ.ʝ. ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ Ὄ  ʧʦ ʧʦʜʥʝʩʫʱʠʤ ʥʘ ʠʥʪʝʨʚʘʣʝ  ὔɝὪ 

 

ρ

ςὔ
Ὄ ȿὌȿ ὧέὲίὸȟ 

 

ʪʦʛʜʘ ʩʨʝʜʥʝʝ ʟʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʘ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ICI, ʦʩʥʦʚʘʥʥʦʝ ʥʘ 

ʚʘʨʠʘʥʪʝ ʦʮʝʥʢʠ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʤʚʦʣʦʚ OFDM ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʠʚʝʜʸʥʥʦʝ ʚ [44] ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 

ὉȿὍȿ ȿὢȿϽȿὌȿϽÓÉÎ́Ů Ͻ
ρ

ὒϽÓÉÎ
Ͻ́ὲ Ů
ὒ

Ȣ 

 

ʇʦʩʢʦʣʴʢʫ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʜʥʝʩʫʱʠʭ ʧʝʨʝʥʦʩʷʪ ʵʥʝʨʛʠʶ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʤʚʦʣʘ, ʧʨʘʚʦʤʝʨʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ 

 

ȿὢȿϽȿὌȿ

Ὁȿὡȿ

Ὁ

ὔ
ȟ 

 

ʛʜʝ Ὁ ï ʫʩʨʝʜʥʸʥʥʘʷ ʧʨʠʥʠʤʘʝʤʘʷ ʵʥʝʨʛʠʷ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʘʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ, 

ὔ  ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ɸɹɻʐ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ, 

Ὁȿὡȿ  ï ʫʩʨʝʜʥʸʥʥʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ɸɹɻʐ ʩ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʧʦʣʦʩʝ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʢʘʜʨʘ.  
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ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʦʪʥʦʰʝʥʠʷ ʫʩʨʝʜʥʸʥʥʦʡ ʧʦ ʜʠʘʧʘʟʦʥʫ ʮʝʥʪʨʘʣʴʥʳʭ 

ʧʦʜʥʝʩʫʱʠʭ ʤʦʱʥʦʩʪʠ OFDM ʩʠʤʚʦʣʘ ʢ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ὔ , 

ʪ.ʝ. ʟʘʚʠʩʠʤʦʩʪʴ ˛˞  ˥ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ 

ʢʘʥʘʣʝ ʩ ɸɹɻʐ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (3.14) [44] 

 

ὛὔὙ
Ὁ

ὔ

ÓÉÎ́Ů

ˊŮ
Ͻ

ρ

ρ ὃ
Ὁ
ὔ
ϽÓÉÎ́Ů

ȟ                             σȢρτ 

 

ʛʜʝ π ȿŮȿ πȟυ,  

ὃ πȟυωτχ ï ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ [44].  

ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʯʘʩʪʦʪʥʦʝ ʩʤʝʱʝʥʠʝ ʀ πȟ ʚʳʨʘʞʝʥʠʝ 

(3.14.) ʧʨʠʤʝʪ ʚʠʜ 

 

ὛὔὙ
Ὁ

ὔ

ÓÉÎ́Ů

ˊŮ
Ͻ

ρ

ρ ὃ
Ὁ
ὔ
ϽÓÉÎ́Ů

Ȣ 

 

ʇʨʠ ʦʮʝʥʢʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ OFDM 

ʚʤʝʩʪʦ ʦʪʥʦʰʝʥʠ ̫  ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ὓὊ, ʦʧʨʝʜʝʣʸʥʥʳʡ ʚ ʚʳʨʘʞʝʥʠʠ (2.8).  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ ʀ  ʜʣʷ ʩʣʫʯʘʷ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ 

ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ (ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ï ὤὅ) ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʩʤʝʱʝʥʠʷ ʀ  ʚ ʚʘʨʠʘʥʪʝ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ, ʪ.ʝ. ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ Ὀ ὦὭὸȟ ʧʨʠ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʦʜʥʠʤ ʠ 

ʪʝʤ ʞʝ ʟʥʘʯʝʥʠʝʤ ˛˞ȟ˥ ʠʟ ʚʳʨʘʞʝʥʠ ̫ (3.14) ʧʫʪʸʤ ʟʘʤʝʥʳ ʦʪʥʦʰʝʥʠ ̫   

ʚʝʣʠʯʠʥʘʤʠ ὓὊ ȟὓὊ  ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ (3.15), 
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Ͻ

ρ

ρ ὃὓὊ ϽÓÉÎ́Ů
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ʛʜʝ ὓὊ , ὓὊ  ï ʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʢ 

ʫʩʨʝʜʥʸʥʥʦʡ ʵʥʝʨʛʠʠ ʚʩʝʭ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʜʣʷ ʩʣʫʯʘʝʚ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ 

ʩʠʤʚʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ Ὀ ὦὭὸ ʠ ὤὅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʀ ȟʀ  ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ ʜʣʷ ʩʣʫʯʘʝʚ 

ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ Ὀ ὦὭὸ ʠ ὤὅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥʘʭ ὓὊ , ὓὊ ȟ ʧʦʜʩʪʘʚʣʷʷ ʚ ʨʘʚʝʥʩʪʚʦ (3.15) 

ʟʥʘʯʝʥʠʷ ʀ ȟ ʧʦʣʫʯʘʝʤ ʀ . 

 

 

 

3.3.5 ʆʮʝʥʠʚʘʥʠʝ ʜʨʦʙʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ OFDM ʩʠʤʚʦʣʦʚ 

 

 

 

ʂʨʦʤʝ ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʦʮʝʥʢʘ ʜʨʦʙʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ ʜʣʷ ʩʣʫʯʘʝʚ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ OFDM ʩʠʤʚʦʣʦʚ 

ʢʘʜʨʘ, ʥʝ ʥʝʩʫʱʠʭ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ  ὤὅ ʠ Ὀ ὦὭὸ 

(ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ).  

ʈʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʜʨʦʙʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʠ 

ʟʘʜʝʨʞʢʠ ʥʘ ʮʝʣʦʝ ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʧʦʜʥʝʩʫʱʠʭ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʷʜʝ ʨʘʙʦʪ [1, 15, 

16, 19, 20, 21, 34], ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ, ʧʦʤʠʤʦ 

ʛʨʫʙʦʡ ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʠʢʦʚ ɸʂʌ ʎʇ ʦʮʝʥʠʪʴ 

ʜʨʦʙʥʫʶ ʯʘʩʪʴ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ  ʠʥʪʝʨʚʘʣʘ Ὕ [16].  

ɿʥʘʯʝʥʠʝ ʬʘʟr ˢ˴̅̇  ˽ ʚ ʪʦʯʢʘʭ ʵʢʩʪʨʝʤʫʤʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʘʨʥʳʤ 

ʯʘʩʪʦʪʥʳʤ ʩʜʚʠʛʦʤ ῳὊ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʚʳʨʘʞʝʥʠʝʤ (2.7). ɹʦʣʝʝ ʪʦʯʥʦ ʩʤʝʱʝʥʠʝ 

ʯʘʩʪʦʪʳ ʠ ʬʘʟʳ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ 

ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ, ʪ.ʝ. ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ï ɹʇʌ 

(Fast Fourier Transform, ʜʘʣʝʝ ï FFT). ɺ [45] ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʠʪʴ ʩʜʚʠʛ ʯʘʩʪʦʪʳ 

ʠʩʧʦʣʴʟʫʷ ʩʨʝʜʥʠʡ ʥʘʙʝʛ ʬʘʟʳ ʧʨʠʥʠʤʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ OFDM 

ʩʠʤʚʦʣʦʚ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʦʮʝʥʢʝ ʬʘʟʳ ὰ-ʛʦ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʝʪʘ ɸʂʌ 

ʎʇ ʚʳʯʠʩʣʷʝʪʩʷ ȹű
ɸʂʌʎʇ
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ɲʒ
ˢ˴̅̇ ˽ ÁÒÃÔÇ

1 ˢ˴̅̇ ˽ὰ

)ˢ˴̅̇ ˽ὰ
Ȣ 

 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʰʠʙʢʠ ʦʮʝʥʢʠ, ɸʂʌ ʎʇ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʦʩʫʱʝʩʪʚʠʪʴ ʫʩʨʝʜʥʝʥʠʝ ʜʣʷ   ὓ ʩʠʤʚʦʣʦʚ OFDM.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʢʘ ʬʘʟʳ ὰ-ʛʦ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ ɸʂʌ ʎʇ ʚʳʯʠʩʣʷʝʪʩʷ 

ȹű
ɸʂʌʎʇ

 ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (3.16). 

 

ɲʒˢ˴̅̇˽ ÁÒÃÔÇ
ὗВ ὃὅὊ  

 †Ƕ   άϽὔ Ὃ

ὍВ ὃὅὊ  †Ƕ άϽὔ Ὃ
ȟ                 σȢρφ 

 

ʛʜʝ †Ƕ ï ʫʩʨʝʜʥʸʥʥʘʷ ʧʦ ὓ ʩʠʤʚʦʣʘʤ ʦʮʝʥʢʘ ʚʨʝʤʝʥʥʦʛʦ ʩʜʚʠʛʘ ʥʘʯʘʣʘ ʩʣʦʪʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ Ὧ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ, 

ά ï ʥʦʤʝʨ ʩʠʤʚʦʣʘ "ʦʢʥʘ" ʧʨʠʸʤʘ ʢʘʜʨʘ, ρ  ά  ὓ, 

Ὃ ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʎʇ, 

ὔ  ï ʯʠʩʣʦ ʟʥʘʯʝʥʠʡ ɹʇʌ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʯʠʩʣʫ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʘ Ὕ . 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʠ ʚʨʝʤʝʥʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 

ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ Ὕ Ὕ  ʠʤʝʶʪ ʤʝʩʪʦ "ʤʝʜʣʝʥʥʳʝ" ʟʘʤʠʨʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʠʤʚʦʣʦʚ OFDM ʧʘʨʘʤʝʪʨʳ ʢʘʥʘʣʘ ʩʯʠʪʘʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤʠ (ʩʪʘʮʠʦʥʘʨʥʳʤʠ), ʘ ʚʝʣʠʯʠʥʘ ʜʨʦʙʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ʧʦʜʥʝʩʫʱʠʭ ʦʜʠʥʘʢʦʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʥʘʣ ʥʘ ʚʩʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʠʛʥʘʣʘ ʚʣʠʷʝʪ ʦʜʠʥʘʢʦʚʦ [77]. ʇʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʮʝʥʢʘ ʜʨʦʙʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʩʜʚʠʛʘ ʜʣʷ ὲ-ʦʡ ʧʦʜʥʝʩʫʱʝʡ ά-ʛʦ ʧʨʠʥʷʪʦʛʦ OFDM ï ʩʠʤʚʦʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ (3.17) 

 

ɲʒ
†Ƕ

ρ
ɲὪ Ͻὲ

†Ƕ

ρȾЎὪ Ͻὲ
ȟ                                                   σȢρχ 

 

ʛʜʝ †Ƕ ï ʦʮʝʥʢʘ ʚʨʝʤʝʥʥʦʛʦ ʩʜʚʠʛʘ (ʩ ʪʦʯʥʦʩʪʴʶ  ɝὸ) ά-ʛʦ ʩʠʤʚʦʣʘ ʦʪ ʥʘʯʘʣʘ 

ʩʣʦʪʘ, ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʦ ʚʩʝʤ ʩʣʦʪʘʤ ʚ "ʦʢʥʝ" ʧʨʠʸʤʘ, ρ  ά  ὓ, 
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ὲ ï ʥʦʤʝʨ ʧʦʜʥʝʩʫʱʝʡ, ὔȾς  ὲ  ὔȾς, 

ὔ ï ʯʠʩʣʦ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ, 

ɝὪ  ï ʯʘʩʪʦʪʥʳʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʧʦʜʥʝʩʫʱʠʤʠ,  

ỗὼỘ ï ʮʝʣʘʷ ʯʘʩʪʴ ʟʥʘʯʝʥʠʷ. 

ɺ (3.17) ʦʮʝʥʢʘ †Ƕ  ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ὰ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʢʘʢ †Ƕ ς́ὰϽ

ȹὸ.  ˏ̐ ̑̆̅̒̓́̃̌̆̎̎̏̍ ̜̃̑́̇̆̎̉̉ ὰ ὒά ὰά  ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʵʪʘʣʦʥʥʳʤ ʯʠʩʣʦʤ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʜʦ ʧʠʢʘ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ά-ʛʦ 

ʩʠʤʚʦʣʘ ὒά  ʠ ʥʦʤʝʨʘ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ ὰά  ɸʂʌ ʎʇ ʧʠʢʘ ά-ʛʦ ʩʠʤʚʦʣʘ, 

ʧʨʝʚʳʩʠʚʰʝʛʦ ʧʦʨʦʛ ʧʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ɸʂʌ ʎʇ. 

ʊʦʛʜʘ ʦʮʝʥʢʘ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʧʦʜʥʝʩʫʱʠʭ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, 

ʩʦʜʝʨʞʘʱʝʤ ὰ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ (3.18) 

 
        ȹűὲ

ˊϽȹ              (3.18)  

 

ʛʜʝ Ὕ ὲ ρȾЎὪ Ͻὲ) ï ʧʝʨʠʦʜ  ὲ-ʦʡ ʧʦʜʥʝʩʫʱʝʡ, 

ЎὪ  ï ʯʘʩʪʦʪʥʳʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʧʦʜʥʝʩʫʱʠʤʠ. 

 

 

 

3.3.6 ʆʮʝʥʠʚʘʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ ʚʦ 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ  

 

 

 

ʇʨʝʜʝʣ ʪʦʯʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ ʩʠʤʚʦʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ Ñ 2 

ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʘ ï Ὠ† ρȟπτϽρπ  ͫʧʨʠ Ὕ=0,52ʤʢʩ [1, 16, 53]. 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʧʨʦʚʝʜʝʥʘ ʵʤʧʠʨʠʯʝʩʢʠʤ 

ʧʫʪʝʤ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʣʦʪʘ ʠʟ 7 ʩʠʤʚʦʣʦʚ 

ʢʘʜʨʘ LTE DL ɻʘʫʩʩʦʚʩʢʦʛʦ ʢʘʥʘʣʘ, ʙʣʠʟʢʦʛʦ ʢ ʠʜʝʘʣʴʥʦʤʫ, ʩ ˛˞˥ υπ̅,ˎ ʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʟʘʧʦʣʥʝʥʠʷ  ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ.  
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ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʧʠʢʦʚ ɸʂʌ ʎʇ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʟʘʧʦʣʥʝʥʠʡ ʎʇ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʦʣʦʞʝʥʠʝʤ ʪʦʯʥʳʭ ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ ὰ (ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʥʦʤʝʨʦʚ ʦʪʩʯʸʪʦʚ 

ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ LTE DL  

 ὰ ρσχȟςχτȟτρρȟυτψȟφψυȟψςςȟωυω ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴ ʚʨʝʤʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ, ʠʩʭʦʜʷ ʠʟ ʤʦʜʫʣʷ ʨʘʟʥʦʩʪʠ 

 

  ὨὝ ÁÂÓὝϽὰ ὰ ὰ ὰ ,            (3.19) 

 

ʛʜʝ Ὕ ï ʧʝʨʠʦʜ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ, 

ὰȟὰ ï ʥʦʤʝʨʘ ʵʪʘʣʦʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʪʦʯʥʳʭ ʛʨʘʥʠʮ ʜʚʫʭ 

ʩʤʝʞʥʳʭ ʩʠʤʚʦʣʦʚ, 

ὰȟὰ  ï ʥʦʤʝʨʘ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ Ὥ-ʛʦ ʠ Ὥ ρ-ʛʦ ʧʠʢʦʚ ɸʂʌ ʎʇ, 

ʙʣʠʞʘʡʰʠʭ ʢ  ὰȟὰ . 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʪʝ ʧʦʣʦʞʝʥʠʷ 

ʩʤʝʞʥʳʭ ʧʠʢʦʚ ɸʂʌ ʎʇ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ὨὝ  ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʩʣʦʚʠʝʤ 

 

ὨὝ ὨὝ   ὨὝ  

Ὕ Ὕ   ὨὝ    ςὝ Ὕ Ὕ . 

 

ʅʘ ʨʠʩʫʥʢʝ 3.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ 

ʎʇ ʩʣʦʪʘ. ʇʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʠʥʪʝʨʚʘʣʘ ʜʚʦʡʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʎʇ. ʇʨʠ   ὨὝ  Ὕ Ὕ   ʠʣʠ  

 ὨὝ ςὝ Ὕ Ὕ  ʜʘʥʥʳʝ ʧʠʢʠ ɸʂʌ ʎʇ ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʘʢ ʚʦʟʤʦʞʥʳʝ ʛʨʘʥʠʮʳ ʩʠʤʚʦʣʘ ʩʣʦʪʘ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ ʧʨʝʦʙʣʘʜʘʶʪ "ʙʳʩʪʨʳʝ" ʟʘʤʠʨʘʥʠʷ ʧʨʠ 

ʥʠʟʢʦʤ ʟʥʘʯʝʥʠʠ ʆʉʐ, ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ 

ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʫʩʣʦʚʠʝ ὨὝ ὨὝ   ὨὝ  ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 3.5 ï ʉʭʝʤʘ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʩʠʤʚʦʣʦʚ OFDM 

ʩʣʦʪʘ LTE DL ʢʘʜʨʘ, ʧʦʷʩʥʷʶʱʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʛʨʘʥʠʮʳ ʚʟʘʠʤʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʜʚʫʭ ʩʤʝʞʥʳʭ ʧʠʢʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ὨὝ ᾴὭὲ  
ὨὝ   ὨὝ ᾴὥὼ    

ɻʨʘʥʠʮʳ ʥʠ ʦʜʥʦʛʦ ʠʟ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʩʠʤʚʦʣʦʚ ʩʣʦʪʘ ʥʝ ʧʦʧʘʜʘʶʪ ʚʦ 

ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ςὝ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʝʥ ʚʘʨʠʘʥʪ ʜʣʷ Ὥ Ὧ  ʩʠʤʚʦʣʦʚ ʚ 

ʧʨʝʜʝʣʘʭ ʩʣʦʪʘ, ʢʦʛʜʘ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʤʝʨʘ ʩʠʤʚʦʣʘ 

άȟ̐ ̑ ̉̔̒̌̏̃̉̉ Ὥ ά Ὧ  ʤʝʞʜʫ ʣʝʚʦʡ ʛʨʘʥʠʮʝʡ ά Ὥ -ʛʦ ʩʠʤʚʦʣʘ ʠ 

ʧʨʘʚʦʡ ʛʨʘʥʠʮʝʡ ά Ὧ -ʛʦ ʩʠʤʚʦʣʘ ʚʢʣʶʯʘʝʪ Ὥ Ὧ  ʩʠʤʚʦʣʦʚ ʦʙʱʝʡ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ρσχϽὭ Ὧ ςϽὝ  ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ. ʊʦʛʜʘ ʫʩʣʦʚʠʝ 

ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ɸʂʌ ʎʇ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

Ὕ Ὕ Ὥ Ὧ Ͻ Ὕ ὨὝ Ὥ Ὧ Ͻ Ὕ   ςὝ

Ὕ Ὕ Ὥ Ὧ Ͻ Ὕ .  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʩʯʝʪ ʩʠʤʚʦʣʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ PSS ʧʨʦʚʦʜʠʪʩʷ 

ʦʪ ʛʨʘʥʠʮ ʢʨʘʡʥʠʭ ʩʠʤʚʦʣʦʚ ʠʟ ʮʝʧʦʯʢʠ Ὥ Ὧ  ʩʠʤʚʦʣʦʚ. ʅʘ ʨʠʩʫʥʢʝ 3.6 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʩʣʦʪʘ, 

ʧʦʷʩʥʷʶʱʘ ̫ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʢʨʘʡʥʠʭ ʩʠʤʚʦʣʦʚ ʠʟ ʮʝʧʦʯʢʠ Ὥ Ὧ  

ʩʠʤʚʦʣʦʚ. 

 
 

ʈʠʩʫʥʦʢ 3.6 ï ʉʭʝʤʘ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʩʠʤʚʦʣʦʚ 

OFDM ʩʣʦʪʘ LTE DL ʢʘʜʨʘ, ʧʦʷʩʥʷʶʱʘʷ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʩʣʦʪʘ ʚ ʚʘʨʠʘʥʪʝ Ὕ Ὕ Ὥ Ὧ Ͻ Ὕ ὨὝ

Ὥ Ὧ Ͻ Ὕ   ςὝ Ὕ Ὕ Ὥ Ὧ Ͻ Ὕ .  
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3.4 ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ 

 

 

 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʧʠʢʦʚ 

ɸʂʌ/ɺʂʌ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʥʝʢʦʛʝʨʝʥʪʥʳʡ ʦʧʪʠʤʘʣʴʥʳʡ ʧʨʠʸʤ ʢʘʜʨʘ LTE DL. 

ʇʦʩʣʝ ʫʩʨʝʜʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʣʦʪʘ ʠ ʚʳʯʠʩʣʝʥʠʷ 

ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʠʟ ʚʳʨʘʞʝʥʠʷ (2.5), ʚʝʣʠʯʠʥʘ ʧʠʢʦʚ ɸʂʌ ʎʇ ʩʨʘʚʥʠʚʘʝʪʩʷ 

ʩ ʧʦʨʦʛʦʤ ‗. ɺ ʨʘʙʦʪʝ ʚʝʣʠʯʠʥʘ ‗ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʧʦʣʦʚʠʥʝ ʩʫʤʤʳ ʟʥʘʯʝʥʠʡ 

ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʠʥʪʝʨʚʘʣʘ ʎʇ, ʫʩʨʝʜʥʸʥʥʳʭ ʧʦ ʠʥʪʝʨʚʘʣʘʤ ʚʩʝʭ ʎʇ 

ʩʠʤʚʦʣʦʚ ʩʣʦʪʘ. 

˛̐̑̆̅̆̌̆̎̉̆ ̃̑̆̍̆̎̎̏̄̏ ̠̐̏̌̏̇̆̎̉ ̝̍́̋̒̉̍́̌̎̏̄̏ ̘̠̈̎́̆̎̉ ̱˗ lx ȡ̃  

 ɧά ȟὰ ÍÁØɸʂʌʎʇὰ ȟ ̄̅ ̆ά ρȟὓ  ȟ 

˞̑́̃̎̆̎̉̆ ̘̠̈̎́̆̎̉ ̱˗ lx  ̃̒ ̐̏̑̏̄̏̍ȡ  !ᴂά ȟὰ ɸʂʌʎʇɧά ȟὰ ‗ȟ  

‗
ρ

ς

В В ὧᾀά ȟὫ

ὓ
  ȟ σȢςπ 

 

ʛʜʝ ‗ ï ʧʦʨʦʛ, ʚʳʯʠʩʣʷʝʤʳʡ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʎʇ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʚʝʣʠʯʠʥʦʡ 

ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ, 

ὧᾀά ȟὫ ï ʤʦʱʥʦʩʪʴ Ὣ-ʛʦ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʸʪʘ ʎʇ ʧʨʠʥʷʪʦʛʦ ά -ʛʦ ʩʠʤʚʦʣʘ 

ʩʣʦʪʘ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʥʮʘ ʩʠʤʚʦʣʘ ʵʣʝʤʝʥʪʘʤʠ ὅὃὤὃὅ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ὧᾀά ȟὫ ὤ ὰ . 

ɧά ρȟὰ ɧά ȟὰ ϽὝ    ï ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʧʠʢʘʤʠ ά ρ  ʠ  ά   ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ, 

 

πϽὝ ɧά ρȟὰ ɧά ȟὰ ϽὝ Ὕ ςϽὝȟ           (3.21) 

 

ʛʜʝ ɧά ȟὰȟ ɧά ρȟὰ ï ʛʨʘʥʠʮʳ OFDM ʩʠʤʚʦʣʘ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ 

ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ,  

ὑ ï  ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ  ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʢʦʥʮʘ ʩʠʤʚʦʣʘ, 

Ὧ ï ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʢʦʥʮʘ ʩʠʤʚʦʣʘ, 

 Ὕ  ï ʜʣʠʪʝʣʴʥʦʩʪʴ OFDM ʩʠʤʚʦʣʘ ʩ ʎʇ, 
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Ὕ ï ʧʝʨʠʦʜ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ. 

ɺʩʝ ʧʠʢʠ ɸʂʌ ʎʇ, ʧʨʝʚʳʰʘʶʱʠʝ ʧʦʨʦʛ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʛʨʘʥʠʮʳ 

ʩʠʤʚʦʣʦʚ, ʫʩʨʝʜʥʸʥʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʥʘ ʠʥʪʝʨʚʘʣʝ ʦʜʥʦʛʦ 

ʩʣʦʪʘ "ʦʢʥʘ" ʧʨʠʸʤʘ. ʂʘʞʜʳʝ ʜʚʘ ʩʤʝʞʥʳʭ ʧʠʢʘ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʩʪʝʧʝʥʴ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʫʩʣʦʚʠʶ ʚ ʚʳʨʘʞʝʥʠʠ (3.21).  

ʉʨʝʜʠ ʧʘʨ ʧʠʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘ ʧʘʨʘ, ʢʦʪʦʨʘʷ ʙʣʠʞʝ ʚʩʝʛʦ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʫʩʣʦʚʠʷ (3.21). ɿʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʘ, ʧʨʦʩʯʠʪʳʚʘʶʪʩʷ ʛʨʘʥʠʮʳ ʚʩʝʭ ʩʠʤʚʦʣʦʚ 

ʩʧʨʘʚʘ ʠ ʩʣʝʚʘ ʦʪ ʚʳʙʨʘʥʥʦʡ ʧʘʨʳ ʧʠʢʦʚ ɸʂʌ ʎʇ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʣʦʪʘ. ɼʘʣʝʝ, 

ʜʣʷ ʢʘʜʨʘ LTE DL, ʧʨʦʚʦʜʠʪʩʷ ɺʂʌ ʩ ʪʨʝʤʷ ʵʪʘʣʦʥʥʳʤʠ PSS ʚ ʛʨʘʥʠʮʘʭ ʚʩʝʭ 

ʩʠʤʚʦʣʦʚ "ʦʢʥʘ" ʧʨʠʸʤʘ (ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ) ʜʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʤʚʦʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ PSS ʩʝʢʪʦʨʘ ʧʦʢʨʳʪʠʷ ɹʉ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʝʨʚʠʯʥʦʛʦ ʚʢʣʶʯʝʥʠʷ. ʇʦʨʦʛ ʦʧʨʝʜʝʣʝʥʠʷ ʧʠʢʘ ɺʂʌ (1.6) ‗  

ʚʳʯʠʩʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ (3.21), ʪʦʣʴʢʦ ʩʫʤʤʠʨʦʚʘʥʠʝ ʚʝʣʠʯʠʥ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʠʤʚʦʣʘ Ὕ Ȣ 

 

ÍÁØάȿɺʂʌ ὰȿ ‗ ȟπ ά
ὓ

ς
ρȟὰ ρȟςȟȣὒ Ὃȟ 

‗
В В ȿᾀὧὲϽὩὼὴὮς“ϽῳὪ ϽὲϽὝϽὰ  ȿ

ς
ȟ 

 

ɼʣʷ "ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ", ʧʝʨʝʤʝʱʘʶʱʝʛʦʩʷ ʧʦ ʧʨʠʥʷʪʦʤʫ ʚʨʝʤʝʥʥʦʤʫ 

ʠʥʪʝʨʚʘʣʫ ʢʘʜʨʘ ʩ ʰʘʛʦʤ ʚ ʦʜʠʥ ʠʥʪʝʨʚʘʣ ʩʣʦʪʘ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʣʫʯʘʡʥʦʡ 

ʧʦʪʝʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʘʚʦʤʝʨʥʳ ʪʝ ʞʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʣʠʯʠʥʳ ʧʦʨʦʛʘ (3.20) ʠ 

ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʩʣʦʪʘ (3.21) ʙʝʟ ʦʧʝʨʘʮʠʡ ʫʩʨʝʜʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʩʣʦʪʦʚ. 

 

 
 

3.5 ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʠʚʘʥʠʷ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ  
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ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʦʢ ʟʥʘʯʝʥʠʡ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ 

ʧʦʜʨʘʟʜʝʣʝ 3.3. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʦʢ ʟʥʘʯʝʥʠʡ ὓὊȟὖὃὖὙȟὓρὝ , ʀ, Ўʒ, Ὠ†  

ʧʦʣʫʯʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʭʦʞʜʝʥʠʷ LTE DL ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ ʢʘʢ 

ʠʜʝʘʣʴʥʦʛʦ ʢʘʥʘʣʘ, ʪʘʢ ʠ ɻʘʫʩʩʦʚʩʢʦʛʦ ʠ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʆʉʐ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʘʜʨʦʤ LTE DL ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ 

ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʦʢ ʧʦʣʫʯʝʥʳ ʚ ʚʘʨʠʘʥʪʘʭ ʧʨʦʬʠʣʝʡ ʟʘʜʝʨʞʝʢ ETU, EVA, EPA 

ʩʪʘʥʜʘʨʪʘ LTE [72], ʣʠʙʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʜʝʣʠ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ.  

 

 

 

3.5.1 ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʠʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʤʝʨʠʪ-ʬʘʢʪʦʨʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʬʫʥʢʮʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

 

 

 

ɼʣʷ ʦʮʝʥʠʚʘʥʠʷ ὓὊ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ. ʇʦ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʜʣʠʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥ r ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὤὅ. ʉʣʝʜʫʶʱʠʝ ʧʦ 

ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʜʣʠʥʳ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὊὶȢ  ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʦʣʘʛʘʪʁ ʙʦʣʝʝ ʫʟʢʠʝ ʨʘʤʢʠ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ, ʯʝʤ ὤὅȟὊὶ. ʆʮʝʥʢʘ 

ὓὊ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʣʫʯʝʥʘ ʩʦʛʣʘʩʥʦ 

ʚʳʨʘʞʝʥʠʶ (2.8) ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʩ ʫʩʨʝʜʥʝʥʠʝʤ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʧʦ 10 

ʩʣʦʪʘʤ ʧʦʣʫʢʘʜʨʘ ʚ ʠʜʝʘʣʴʥʦʤ ʢʘʥʘʣʝ.  

 ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʧʨʦʮʝʜʫʨ rʫʩʨʝʜʥʝʥʠʷ ʦʧʠʩʘʥ rʚ ʧʦʜʨʘʟʜʝʣʝ 

3.1, ʘ ʤʝʪʦʜʠʢʠ ʘʣʛʦʨʠʪʤʦʚ ʫʩʨʝʜʥʝʥʠʷ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 4. ʅʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, 

ʯʪʦ ʚ ʚʳʨʘʞʝʥʠʠ (2.8) ʜʣʷ ὓὊ ʚʝʣʠʯʠʥʘ ÍÁØ ɸʂʌ ʚ ʯʠʩʣʠʪʝʣʝ ï ʵʪʦ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥ ʧʠʢʦʚ ɸʂʌ ʎʇ ʩʣʦʪʘ. ɺ ʟʥʘʤʝʥʘʪʝʣʝ ʩʫʤʤʘ ʚʝʣʠʯʠʥ ʧʠʢʦʚ 

ɸʂʌ ʎʇ ʚʳʯʠʪʘʝʪʩʷ ʠʟ ʦʙʱʝʡ ʩʫʤʤʳ ʟʥʘʯʝʥʠʡ ʣʝʧʝʩʪʢʦʚ ɸʂʌ ʥʘ ʠʥʪʝʨʚʘʣʝ 

ʩʣʦʪʘ. ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ὓὊ ʧʨʠʤʝʪ ʚʠʜ 
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ὓὊɸʂʌͅʎʇͅʩʣʦʪ
В ÍÏÄÍÁØɸʂʌ ȾὭ

В ÍÏÄɸʂʌὯ В ÍÏÄÍÁØɸʂʌ Ⱦὑ Ὥ
ȟ 

 

ʛʜʝ Ὥ  ï ʯʠʩʣʦ ʧʠʢʦʚ ɸʂʌ ʎʇ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ, 

Ὥ ï ʥʦʤʝʨ ʧʠʢʘ ɸʂʌ ʎʇ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ὓὊɸʂʌͅʎʇͅʩʣʦʪ ʦʪ ʯʠʩʣʘ 

ʵʣʝʤʝʥʪʦʚ ὑ ʎʇ ʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ "ʦʢʥʘ" ʧʨʠʝʤʘ ʢʘʜʨʘ LTE DL ʠʜʝʘʣʴʥʦʛʦ 

ʢʘʥʘʣʘ ʩʚʷʟʠ ʠ ʨʘʟʣʠʯʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʙʘʟʦʚʦʛʦ 

ʩʣʫʯʘʷ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʠʤʚʦʣʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʩʪʘʚ ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʦʚ 

ʩʠʤʚʦʣʦʚ ʥʝ ʤʝʥʷʝʪʩʷ ʠ ʟʥʘʯʝʥʠʝ ὓὊɸʂʌͅʎʇͅʩʣʦʪ  ʥʝ ʟʘʚʠʩʠʪ ʦʪ ὑ. 

 

ʈʠʩʫʥʦʢ 3.7 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ὓὊɸʂʌͅʎʇͅʩʣʦʪ ʦʪ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʎʇ ὑ  

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʣʫʢʘʜʨʘ LTE ʠʜʝʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʎʇ ʠ 

ʢʦʥʮʦʚ OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ Fr ï ʩʠʥʠʡ ʮʚʝʪ ʣʠʥʠʠ, ZC ï 

ʩʠʨʝʥʝʚʳʡ ʮʚʝʪ ʣʠʥʠʠ, ὓ ï ʢʨʘʩʥʳʡ ʧʫʥʢʪʠʨ (ʚʘʨʠʘʥʪ ʧʨʦʪʦʪʠʧʘ ʟʘʧʦʣʥʝʥʠʷ ʎʇ 

ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ) 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʠʚʘʥʠʷ ὓὊ ʮʠʢʣʠʯʝʩʢʠʭ ɸʂʌ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  ὊὶȢ ʋʯʠʪʳʚʘʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʚʝʣʠʯʠʥʫ ὓὊ ʠ 

ʘʙʩʦʣʶʪʥʫʶ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὤὅ, ʵʪʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʘʢʞʝ ʦʪʜʘʝʪʩʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʠʥʭʨʦʥʠʟʘʮʠʠ [23, 86]. 

 

 

 



101 

 

 

3.5.2 ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʷ ʧʠʢ-ʬʘʢʪʦʨʘ  

 

 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʦʢ ὖὃὖὙ ʜʣʷ OFDM ʩʠʤʚʦʣʦʚ "ʦʢʥʘ" ʧʨʠʸʤʘ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ɻʘʫʩʩʦʚʩʢʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ ʩ ˛˞˥ υπ̅ˎ ʜʣʷ ʥʘʠʤʝʥʴʰʝʛʦ ʯʠʩʣʘ 

ʵʣʝʤʝʥʪʦʚ ὑ=9) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ὤὅȟὊὶ ʚ ʚʘʨʠʘʥʪʘʭ: 

ï ʢʦʥʝʮ ʩʠʤʚʦʣʘ ʟʘʧʦʣʥʷʝʪʩʷ Ὂὶ ψȟω ʠʣʠ ὤὅ ςȟωȠ 

ï ʢʦʥʝʮ ʩʠʤʚʦʣʘ ʟʘʧʦʣʥʷʝʪʩʷ ʩʫʤʤʦʡ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ï  ὤὅ

Ὀ ὦὭὸȟὊὶ Ὀ ὦὭὸ; 

ï ʢʦʥʝʮ ʩʠʤʚʦʣʘ ʩʦʩʪʘʚʣʷʶʪ ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ Ὀ ὦὭὸ. 

ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ὓὊ ʚʳʧʦʣʥʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (2.8), 

ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ὖὃὖὙ ï ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (3.3). ʈʝʟʫʣʴʪʘʪʳ 

ʦʮʝʥʦʢ ὓὊ ʠ ὖὃὖὙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.8 ʩ ὗὖὛὑ ʤʦʜʫʣʷʮʠʝʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. 

 

 
ʈʠʩʫʥʦʢ 3.8 ï ὓὊ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL ʜʣʷ 

ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʵʣʝʤʝʥʪʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ Ὀ ὦὭὸȟὤὅ
Ὀ ὦὭὸȟὊὶ Ὀ ὦὭὸȟὤὅȟὊὶ ̅̌̉̎̏̊ ὑ ω  ï ʩʠʥʠʡ ʮʚʝʪ ʜʠʘʛʨʘʤʤʳ, ὖὃὖὙï 

ʢʨʘʩʥʳʡ ʮʚʝʪ 
 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʦʢ ὓὊ ʠ ὖὃὖὙ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ὤὅȟὊὶȟὈ ὦὭὸȟ

ὤὅ Ὀ ὦὭὸȟὊὶ Ὀ ὦὭὸ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
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- ʤʦʜʫʣʠ ʚʝʣʠʯʠʥ ὓὊ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʜʘʥʥʳʭ ʢʘʜʨʘ LTE DL ʩ ʢʦʥʮʘʤʠ 

ʩʠʤʚʦʣʦʚ, ʟʘʧʦʣʥʷʝʤʳʤʠ ʢʘʢ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʪʘʢ ʠ ʩʫʤʤʦʡ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʳʰʝ ʚ 

ρȟςψ ɀ ρȟυ ̑́̈ (ςψϷ ɀ υπϷ), ʯʝʤ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ὗὖὛὑ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ;  

- ʚʝʣʠʯʠʥʘ ὖὃὖὙ ʜʣʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ, ʟʘʧʦʣʥʷʝʤʳʭ ʩʫʤʤʦʡ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʧʨʝʚʳʰʘʝʪ ὖὃὖὙ ʜʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ὗὖὛὑ ʤʦʜʫʣʷʮʠʠ ï ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ φϷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ 

ʚʘʨʠʘʥʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʩʫʤʤʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ὓὊ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʚʘʨʠʘʥʪʦʤ ʟʘʧʦʣʥʝʥʠʷ 

ʜʚʦʠʯʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ὖὃὖὙ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʥʘ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦʣʦʚʠʥʳ ʢʘʜʨʘ LTE ʜʣʷ ɻʘʫʩʩʦʚʩʢʦʛʦ ʢʘʥʘʣʘ, ʙʣʠʟʢʦʛʦ ʢ 

ʠʜʝʘʣʴʥʦʤʫ [82]. 

 

 

 

3.5.3 ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʚʭʦʞʜʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʤ  

 

 

 

ɼʣʷ ʦʮʝʥʦʢ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʚʭʦʞʜʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʤ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʳʨʘʞʝʥʠʷ (3.4) ï (3.6). ʂʣʶʯʝʚʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ 

ʟʥʘʯʝʥʠʷ ὓρὝ  ʧʨʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ὓὊ ɸʂʌ ʎʇ ʠ ʜʣʠʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ 

ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL. ɺʝʣʠʯʠʥʘ ὓὊ ʚʢʣʶʯʝʥʘ ʚ ʚʳʨʘʞʝʥʠʝ (3.5) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ὖ̏ .̂ ʏʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ 

ʞʝʣʘʪʝʣʴʥʦ ʚʳʙʠʨʘʪʴ ʚʦʟʤʦʞʥʦ ʤʝʥʴʰʠʤ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʈʵʣʝʝʚʩʢʦʛʦ 

ʢʘʥʘʣʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ "ʦʢʥʘ" ʧʨʠʸʤʘ. ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ ʧʨʝʠʤʫʱʝʩʪʚ ʚʘʨʠʘʥʪʦʚ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ 
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ʠʩʩʣʝʜʫʝʤʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʠʜʝʘʣʴʥʦʤ 

ʢʘʥʘʣʝ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʟʥʘʯʝʥʠʷ ὓρὝ  ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ 

 ὖ ρπȟρπȟρπȟρπ  ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ OFDM  

ʩʠʤʚʦʣʦʚ ʩ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ὑ ωȟρρȟρσȟρχȟρωȟσρȟσχ ʧʨʠʚʝʜʝʥʳ  ʥʘ ʨʠʩʫʥʢʝ 3.9.  

 

 
   ʘ)       ʙ) 

 
   ʚ)       ʛ) 

ʈʠʩʫʥʦʢ 3.9 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ὓρὝ  ʥʘ ʵʪʘʧʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʎʇ  
ʦʪ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὑ  ʜʣʷ ʎʇ ʩ ʟʘʧʦʣʥʝʥʠʝʤ Ὀ ὦὭὸ ï 
ʢʨʘʩʥʳʡ ʮʚʝʪ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ὤὅ ï ʩʠʥʠʡ ʮʚʝʪ ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʷʭ 
ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ  ʘ) ὖ  ρπ , ʙ) ὖ  ρπ , ʚ) ὖ  ρπ , ʛ) ὖ  ρπ  

 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3.9 ʛʨʘʬʠʢʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ʫʤʝʥʴʰʝʥʠʠ 

ʟʥʘʯʝʥʠʷ ὓρὝ ) ʚ ρȟρςȣχȟχ ̑́̈ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʚʝʨʦʷʪʥʦʩʪʠ 

ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ὖ ʠ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ὑ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʟʘʧʦʣʥʝʥʠʷ  ʢʦʥʮʘ 

OFDM ʩʠʤʚʦʣʦʚ. ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʉʇ. ʇʨʠ ʟʥʘʯʝʥʠʠ ὑ ω ʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ὖ ρπ ρπ  ʟʥʘʯʝʥʠʷ ὓρὝ ) ʚ ρȟφȣσȟυ  ̑́̈́ ʤʝʥʴʰʝ 
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ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὤὅ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʚʘʨʠʘʥʪʦʤ 

ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ. ɼʣʷ ὑ ω ʨʘʟʥʠʮʘ ὓρὝ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʇʉʇ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʘʷ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ὑ ʟʥʘʯʝʥʠ ̫ὓρὝ  

ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʇʉʇ ʠ ὤὅ ʩʙʣʠʞʘʁʪʩʷ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ   ʧʨʠʚʝʜʸʥ ʚ ʨʘʙʦʪʘʭ [86, 87]. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ὓρὝ   ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʦ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʤ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ὑ

χ Ὀ ɀὦὭὸȟὓȟὤὅȟω Ὀ ɀὦὭὸȟὊὶȟὤὅȟρυ Ὀ ɀὦὭὸȟὓȟὤὅȟρφ Ὂὶȟ

ςυὈ ɀὦὭὸȟὊὶȟὤὅȟσρὈ ɀὦὭὸȟὓȟὤὅȟφσὈ ɀὦὭὸȟὓȟὤὅȟφτὊὶ  ʚ ʠʜʝʘʣʴʥʦʤ 

ʢʘʥʘʣʝ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ Ὀ ɀὦὭὸ ɀ ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

ʧʨʦʪʦʪʠʧʘ ὓ ̝̐̏̒̌̆̅̏̃́̓̆̌̎̏̒̓̉, ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ï ὤὅȟὊὶ  

ʜʣʷ ʟʥʘʯʝʥʠ ̫ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ὖ ρπ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ 

ὓρὝ   ʧʨʝʜʩʪʘʚʣʝʥʳ  ʚ ʪʘʙʣʠʮʝ 3.1 ʠ ʥʘ ʛʨʘʬʠʢʝ ʨʠʩʫʥʢʘ 3.10. 

 

ʊʘʙʣʠʮʘ 3.1 ï ˝̝̜̆̈̔̌̓́̓ ̜̘̃̉̒̌̆̎̉̊ ὓρὝ  ʧʨʠ  ὖ ρπ  ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ Ὀ ɀὦὭὸȟὓȟὤὅȟὊὶ  ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʧʦʣʫʢʘʜʨʘ 

LTE DL ʚ ʠʜʝʘʣʴʥʦʤ ʢʘʥʘʣʝ, ὑ χȟωȟρυȾρφȟςυȟσρȟφσȾφτ 
(K) ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ 

ʧʦʩʣ-ʡ   D-bit, M, 

ZC(u, K),  Fr (ɓ, K) 

ɚ ï 

ʇʦʨʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ 

ʏʠʩʣʦ 

ʧʠʢʦʚ ɸʂʌ 

ʎʇ 

ʏʠʩʣʦ ʧʠʢʦʚ, ʧʨʦʰʝʜʰʠʭ 

ʧʦʨʦʛ/dl=|l i- let|ïʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ 

M1{T SYN}  

(ʤʩ) P1=10-3 

ʉʫʤʤʘʨʥʘʷ 

ʤʦʱʥʦʩʪʴ 

ʩʠʛʥʘʣʘ ʩʣʦʪʘ 

D-bit(7) 0.1494 2 0 ï 37.1534 

M-seq (7) 0.1462 6 0 ï 43.8270 

ZC (5,7) 0.1441 6 2/dl = (1, 2) ʚʨʝʤ. ʦʪʩʯʝʪʘ 2.311 44.6962 

D-bit (9) 0.1494 2 0 ï 37.1534 

ZC (5,9) 0.1709 6 2/ dl = (1, 2) ʚʨʝʤ. ʦʪʩʯʝʪʘ 2.303 47.7397 

Fr (5,9) 0.1619 6 6/ dl = (1 ï 3) ʚʨʝʤ. ʦʪʩʯʝʪʘ 2.3 46.8971 

D-bit (15) 0.1494 2 0 ï 37.1534 

M-seq (15) 0.1608 6 2/ dl = (1, 2) ʚʨʝʤ. ʦʪʩʯʝʪʘ 2.302 47.5778 

ZC (11,15) 0.1298 6 6/ dl = (1, 2) ʚʨʝʤ. ʦʪʩʯʝʪʘ 2.3 48.9123 

Fr (11,16) 0.1735 6 6/ dl = (1, 2) ʚʨʝʤ. ʦʪʩʯʝʪʘ 2.3 48.8327 

D-bit (25) 0.1494 2 0 ï 37.1534 
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  ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.1 

(K) ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ 

ʧʦʩʣ-ʡ   D-bit, M, 

ZC(u, K),  Fr (ɓ, K) 

ɚ ï 

ʇʦʨʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ 

ʏʠʩʣʦ 

ʧʠʢʦʚ ɸʂʌ 

ʎʇ 

ʏʠʩʣʦ ʧʠʢʦʚ, ʧʨʦʰʝʜʰʠʭ 

ʧʦʨʦʛ/dl=|l i- let|ïʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ 

M1{T SYN}  

(ʤʩ) P1=10-3 

ʉʫʤʤʘʨʥʘʷ 

ʤʦʱʥʦʩʪʴ 

ʩʠʛʥʘʣʘ ʩʣʦʪʘ 

ZC (17,25) 0.1415 6 6/ dl=1 ʚʨʝʤʝʥʥʦʡ ʦʪʩʯʝʪ 2.3 52.2302 

Fr (17,25) 0.1616 6 6/ dl=1 ʚʨʝʤʝʥʥʦʡ ʦʪʩʯʝʪ 2.3 48.2327 

D-bit (31) 0.1494 2 0 ï 37.1534 

M-seq (31) 0.1671 6 6/ dl = (1, 2) ʚʨʝʤ. ʦʪʩʯʝʪʘ 2.3 54.4567 

ZC(11,31) 0.1243 6 6/ dl=1 ʚʨʝʤʝʥʥʦʡ ʦʪʩʯʝʪ 2.3 55.7774 

D-bit (63) 0.1494 2 0 ï 37.1534 

M-seq (63) 0.1315 6 6/ dl=1 ʚʨʝʤʝʥʥʦʡ ʦʪʩʯʝʪ 2.3 61.3122 

ZC (11,63) 0.1562 6 6/ dl=1 ʚʨʝʤʝʥʥʦʡ ʦʪʩʯʝʪ 2.3 55.4026 

Fr (11,64) 0.1522 6 6/ dl=1 ʚʨʝʤʝʥʥʦʡ ʦʪʩʯʝʪ 2.3 53.8151 

 

 

ʈʠʩʫʥʦʢ 3.10 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ 

ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʦʪ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ 

ʩʠʤʚʦʣʦʚ ʧʦʣʫʢʘʜʨʘ ʪʝʭʥʦʣʦʛʠʠ LTE DL ʚ ʠʜʝʘʣʴʥʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ ʧʨʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ὖ ρπ  

 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ ʢʦʨʥʝʡ όȟ‍  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ὤὅ όȟὑȟὊὶ‍ȟὑ  ʟʥʘʯʝʥʠʷ ὓὊ ʨʘʟʣʠʯʘʶʪʩʷ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʢʦʨʥʷʤʠ (ʠʥʜʝʢʩʘʤʠ) όȟ‍, ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʦʣʫʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ὓὊ. 
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ɺ ʪʘʙʣʠʮʝ 3.1 ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ɚ, 

ʚʳʯʠʩʣʝʥʥʳʭ ʠʟ ʚʳʨʘʞʝʥʠʷ (3.20), ʯʠʩʣʦ ʧʠʢʦʚ ɸʂʌ ʎʇ,  ʧʨʦʰʝʜʰʠʭ ʧʦʨʦʛ ɚ ʠ 

ʟʥʘʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʚʦ ʚʨʝʤʝʥʥʳʝ ʛʨʘʥʠʮʳ ʩʠʤʚʦʣʦʚ ʩʣʦʪʘ Ὠ

ȿὰ ὰȿ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʨʘʟʥʦʩʪʴʶ ʥʦʤʝʨʦʚ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʧʦʣʦʞʝʥʠʷ 

ʠʜʝʘʣʴʥʳʭ ʛʨʘʥʠʮ (ὰ) ʠ ʥʦʤʝʨʦʚ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ὰ). ɺ ʧʦʩʣʝʜʥʝʤ ʩʪʦʣʙʮʝ ʪʘʙʣʠʮʳ ʧʨʠʚʝʜʝʥʘ ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ 

ʩʣʦʪʘ (ʩʫʤʤʘ ʤʦʱʥʦʩʪʝʡ ʚʩʝʭ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʩʠʛʥʘʣʘ ʩʣʦʪʘ) ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ. ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʩʣʦʪʘ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ὓὓίὩήȟὤὅȟὊὶ. ɼʣʷ ʩʣʦʪʘ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʩʣʦʪʘ ʧʦʩʪʦʷʥʥʘ. ɺ 

ʩʪʦʣʙʮʝ ʟʥʘʯʝʥʠʡ ὓρὝ  ʩʠʤʚʦʣʦʤ "ï"  ʦʪʤʝʯʝʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ ʧʠʢʘ 

ɸʂʌ ʎʇ ʤʝʥʴʰʝ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ɚ. 

ʀʟ ʪʘʙʣʠʮʳ 3.1 ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʦʪʢʠʭ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʝʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʩʠʤʚʦʣʦʚ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʧʦʩʢʦʣʴʢʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʣʠʙʦ ʠʭ ʩʫʤʤʳ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʥʮʦʚ 

ʩʠʤʚʦʣʦʚ ʚʦʟʨʘʩʪʘʝʪ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ɻʉ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʘʥʥʳʤʠ 

ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʩʣʦʪʘ ʚ ʪʘʙʣʠʮʝ 3.1. ʇʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʩʠʛʥʘʣʘ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʘʟʦʚʦʤʫ ʚʘʨʠʘʥʪʫ 

ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ, ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʴ ʤʦʱʥʦʩʪʠ ɻʉ, ʚʦʟʨʘʩʪʘʶʱʝʡ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ὑȟ ʟʘʥʠʤʘʶʪ ʵʣʝʤʝʥʪʳ  ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʝʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʩʠʤʚʦʣʦʚ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʦʪʢʠʭ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʩʠʣʫ ʠʭ 

ʤʝʥʴʰʝʡ ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʦʰʠʙʢʘʤ ʧʨʠ "ʙʳʩʪʨʳʭ" ʟʘʤʠʨʘʥʠʷʭ ʚ ʈʵʣʝʝʚʩʢʦʤ 

ʢʘʥʘʣʝ.  ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3.9 ʩʣʝʜʫʝʪ, 

ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʳʠʛʨʳʰ ʚ ʦʮʝʥʢʝ  ὓρὝ  ʜʣʷ ʚʘʨʠʘʥʪʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʠʤʚʦʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʚʘʨʠʘʥʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ὑ ω. ʉʨʘʚʥʝʥʠʝ 

ʩ ʚʘʨʠʘʥʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ὓ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ὑ ω ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 
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ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʦʜʝʣʠ ʈʵʣʝʝʚʩʢʦʛʦ 

ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ɸɹɻʐ ʩ ˛˞˥ π̅ˎ. ɼʣʷ ʨʘʩʯʸʪʦʚ ὓὊ ʠ ὓρὝ  

ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʫʣʳ 2.13, 3.4 ï 3.6. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.11, 3.12 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʦʮʝʥʦʢ  ὓρὝ  ʧʨʠ  

˛˞˥ π̅ ˎɀυπ̅̂ ʚ ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ ʩ ʧʨʦʬʠʣʷʤʠ ʟʘʜʝʨʞʝʢ ETU [72]  

ʠ ὖ ρπȟρπȟρπȟρπ  ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ OFDM 

ʩʠʤʚʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʜʣʠʥʥʦʡ ὑ ω ʠ ʤʦʜʫʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ OFDM ʩʠʤʚʦʣʦʚ (ὗὖὛὑ, φτὗὃὓ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [90, 91].  

 

 
        ʘ)           ʙ) 

 
        ʚ)        ʛ) 

ʈʠʩʫʥʦʢ 3.11 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ὓρὝ  ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʝʚ 

ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʠ ʤʦʜʫʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʤʚʦʣʦʚ 

ὗὖὛὑ  ʘ) ï ὖ ρπ,  ʙ) ï ὖ  ρπ, ʚ) ï ὖ ρπ, ʛ) ï ὖ ρπ. 

ɼʣʠʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʳʙʨʘʥʘ ʩ ʫʯʸʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʝʝ ʜʣʠʥʥʳʝ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʦʣʴʰʝ ʧʦʜʚʝʨʞʝʥʳ ʠʩʢʘʞʝʥʠʷʤ ʧʨʠ "ʙʳʩʪʨʳʭ" ʟʘʤʠʨʘʥʠʷʭ 

ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʘʨʠʘʥʪʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʤʚʦʣʦʚ ʩʫʤʤʦʡ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

 

 
    ʘ)       ʙ) 

 

       
    ʚ)       ʛ) 

ʈʠʩʫʥʦʢ 3.12 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ὓρὝ  ʦʪ ̨˞ (˥ʜɹ) ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʩʣʫʯʘʝʚ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʘ ʠ ʤʦʜʫʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ʩʠʤʚʦʣʦʚ φτὗὃὓ ʘ) ï ὖ ρπ, ʙ) ï ὖ  ρπ, ʚ) ï ὖ ρπ, ʛ) ï ὖ ρπ 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʟʥʘʯʝʥʠʷ ὓρὝ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ˛˞  ˥ ʜʣʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ  ὖ ρπȟρπȟρπȟρπ  ʠ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ 

OFDM  ʩʠʤʚʦʣʦʚ ʩ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ὑ ω ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

 ὤὅςȟωȟὊὶ ψȟω ʠʣʠ ʠʭ ʩʫʤʤʦʡ ʩ ʤʦʜʫʣʠʨʦʚʘʥʥʳʤʠ ὗὖὛὑ ̉̌ ̉φτὗὃὓ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ  ὤὅςȟω Ὀω ὦὭὸȟὊὶ ψȟω Ὀω ὦὭὸ, ʘ 
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ʪʘʢʞʝ ʚ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ (Ὀω ὦὭὸ ʚ ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ ʩ 

ɼʦʧʧʣʝʨʦʚʩʢʠʤ ʩʤʝʱʝʥʠʝʤ ʯʘʩʪʦʪʳ Fdop=100ɻʮ ʧʨʠʚʝʜʝʥʳ  ʥʘ ʨʠʩʫʥʢʘʭ 3.11, 

3.12, ʥʘ ʢʦʪʦʨʳʭ ʥʝ ʦʪʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʧʨʠ ὓὊ Ὄ . ɽʩʣʠ ʞʝ ʜʣʷ ʯʘʩʪʠ ʟʥʘʯʝʥʠʡ 

ὖ ʠ ̨˞  ˥ʫʩʣʦʚʠʝ ὓὊ Ὄ  ʚʳʧʦʣʥʷʝʪʩʷ, ʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ï ʥʝʪ, ʪʦ ʯʘʩʪʴ ʛʨʘʬʠʢʘ, 

ʛʜʝ ὓὊ Ὄ, ʚʳʧʦʣʥʝʥʘ ʧʫʥʢʪʠʨʦʤ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʝʝ ʟʘʢʣʶʯʝʥʠʝ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩʫʥʢʘʭ 3.11, 3.12 ʦʮʝʥʢʘ 

ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ ʩʠʤʚʦʣʦʚ ὓρὝ  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʆʉʐ 

(π̅ȟˎρπ̅ȟˎυπ̅)ˎ ʧʨʠ ὖ ρπ  ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʚʘʨʠʘʥʪʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇ ʠʟ ʤʥʦʛʦʬʘʟʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ὤὅωȟὊὶω ʤʝʥʴʰʝ ʚ 

ρȟτψ ɀσȟπ ʨʘʟʘ ʜʣʷ ὗὖὛὑ ʠ ʚ ρȟυσ ɀςȟφτ ʨʘʟʘ ʜʣʷ φτὗὃὓ ʤʦʜʫʣʷʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʚʘʨʠʘʥʪʦʤ. ɺ ʚʘʨʠʘʥʪʘʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇ ʠʟ ʩʫʤʤʳ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʤʥʦʛʦʬʘʟʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ  ὤὅω Ὀω ὦὭὸȟὊὶω Ὀω ὦὭὸ ɀ ʚ 

ρȟτ ɀςȟυ ʨʘʟʘ ʜʣʷ ὗὖὛὑ ʠ ʚ ρȟττȣρȟψχ ʨʘʟʘ ʜʣʷ φτὗὃὓ ʤʝʥʴʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇ ʩʠʤʚʦʣʦʚ OFDM. ʇʨʠ ʵʪʦʤ, ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ OFDM ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʜʦ ʚʘʨʠʘʥʪʘ ὖ

ρπ  ʠ ρπ̅ˎ̨ ˞˥ υπ̅ˎ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʫʩʣʦʚʠʷ ὓὊ ὌȢ 

ʀʟ ʨʠʩʫʥʢʦʚ 3.11, 3.12 ʚʠʜʥʦ, ʯʪʦ ʦʜʥʦ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʟʘʢʣʶʯʘʪʩʷ ʚ ʚʳʩʦʢʦʡ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʦʙʘʩʪʥʦʩʪʴ ʧʨʠ ὖ ρπ , ὖ ρπ  ʚ 

ʫʩʣʦʚʠʷʭ π̅ˎ˛˞  ˥ʠ ρπ̅ˎ̨ ˞  ˥ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʠ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʢʦʨʦʪʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Ὂὶ ʦʙʣʘʜʘʶʪ ʣʫʯʰʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮ ʠ ʛʨʘʬʠʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ὖ ʠ ̨˞,˥ ʯʪʦ ʦʟʥʘʯʘʝʪ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʩʣʫʯʘʝ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ OFDM ʩʠʤʚʦʣʦʚ ʤʥʦʛʦʬʘʟʥʳʤʠ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ὤὅςȟω ʠ Ὂὶψȟω, ʣʠʙʦ ʠʭ ʩʫʤʤʦʡ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʜʘʥʥʳʤʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʆʉʐ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ 

ʧʦʢʦʣʝʥʠʡ 3G, 4G ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ SINR (Signal to 

Interference plus Noise Ratio) ï ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʩʪʘʥʜʘʨʪʘ 

4G ʢ ʩʫʤʤʝ ʤʦʱʥʦʩʪʝʡ ʰʫʤʘ ʠ ʧʦʤʝʭ, ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ˛˞  ˥ʠ ʠʟʤʝʨʷʝʤʦʛʦ ʚ ʜɹ 

[88, 89]. ʆʪʣʠʯʥʦʝ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ ʧʨʠ ʟʥʘʯʝʥʠʠ ˛˞˥ ςπ̅,ˎ ʭʦʨʦʰʝʝ ï ʧʨʠ 

ʟʥʘʯʝʥʠʠ ρσ̅ˎ̨ ˞˥ ςπ̅,ˎ ʥʦʨʤʘʣʴʥʦʝ ï ʧʨʠ ʟʥʘʯʝʥʠʠ π̅ˎ˛˞˥ ρσ̅ˎ 

[88]. ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ˛˞˥ ψ̅ˎ [89]. 

ɺ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ [18], ʢʘʢ ʧʨʘʚʠʣʦ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ὖ ρͯπȟρπ. ɺ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʦʮʝʥʢʠ ὓρὝ  ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʤʝʥʷʝʤʳʭ 

ʟʥʘʯʝʥʠʷʭ ὖ ρπȟρπ  ʠ ʫʩʣʦʚʠʠ ʚʳʧʦʣʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ὓὊ  Ὄὶ ʚʦ ʚʩʝʭ 

ʚʘʨʠʘʥʪʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʇ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʦʚ OFDM ʩʠʤʚʦʣʦʚ 

ʤʥʦʛʦʬʘʟʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ὤὅςȟω ʠ Ὂὶψȟω, ʣʠʙʦ ʠʭ ʩʫʤʤʦʡ ʩ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʩ ʤʦʜʫʣʷʮʠʝʡ ὗὖὛὑȾφτὗὃὓȢ  

 ʇʨʠ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ 

ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʩʝʢʫʥʜ ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʩʠʛʥʘʣʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʜʘʣʝʝ ï ʉʋɺ) [92, 93], ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʚʦʟʤʦʞʥʦ ʨʘʟʲʝʜʠʥʝʥʠʝ ʘʙʦʥʝʥʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ OFDM ʩʠʤʚʦʣʦʚ 

ʧʨʠ ʝʝ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʝ ʩ 4,5ʤʩ ï 8ʤʩ (ʧʨʠ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʧʦʩʪʨʦʝʥʠʷ 

ʩʠʤʚʦʣʦʚ) ʜʦ 2,5ʤʩ ï3,5ʤʩ, ʯʪʦ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʧʦʪʝʨʶ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʩʦʭʨʘʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ "ʦʯʝʨʝʜʠ" ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʘ ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʩʠʩʪʝʤ ʩʚʷʟʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ὓρὝ  ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʟʘʧʦʣʥʝʥʠʷ 

ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʩ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ  ὑ ρυρφ) ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚʠʜʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʯʠʩʣʘ ʧʦʜʥʝʩʫʱʠʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ LTE DL ὔ χς ʧʨʝʜʩʪʘʚʣʝʥʳ: ʚ ʪʘʙʣʠʮʝ 3.2 ʜʣʷ 
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ʚʘʨʠʘʥʪʦʚ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ (Ὀ ὦὭὸȟὓίὩήȟὤὅȟὊὶ Ƞ ʚ ʪʘʙʣʠʮʝ 3.3 ʜʣʷ 

.ʚʘʨʠʘʥʪʦʚ (Ὀ ὦὭὸȟὓίὩήὈ ὦὭὸȟὤὅ Ὀ ὦὭὸȟὊὶ Ὀ ὦὭὸ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʜʨʘ LTE DL ʯʝʨʝʟ ʈʵʣʝʝʚʩʢʠʡ ʢʘʥʘʣ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ɸɹɻʐ ʩ 

ʆʉʐ=0ʜɹ, 10ʜɹ, 50ʜɹ, ʧʨʦʬʠʣʷʤʠ ʟʘʜʝʨʞʝʢ ὉὝὟ, ɼʦʧʧʣʝʨʦʚʩʢʠʤ ʩʤʝʱʝʥʠʝʤ 

ʯʘʩʪʦʪʳ 100ɻʮ, ὗὖὛὑ ʤʦʜʫʣʷʮʠʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʟʥʘʯʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ὖ ρπȢ 

 

ʊʘʙʣʠʮʘ 3.2 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ  ὓρὝ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʆʉʐ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʟʘʧʦʣʥʝʥʠʷ ʎʇ ʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʩ ὑ ρυρφ 
D-bit, Mseq, ZC, 

Fr  

K=15/16 

MF  ɚ ï 

ʇʦʨʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ 

ʏʠʩʣʦ ʧʠʢʦʚ 

ɸʂʌ ʎʇ 

ʏʠʩʣʦ ʧʠʢʦʚ, 

ʧʨʦʰʝʜʰʠʭ ʧʦʨʦʛ/ 

dl=|l i- let| ʚʨʝʤ. ʦʪʩʯ. 

M1{T SYN}(ʤʩ) 

P1=10-3 

ʆʉʐ=50ʜɹ, Fdopp=0,01ɻʮ 

D-bit (15) 3.167 0.1119 6 (ɚP =25%) 2/dl=(Ñ13)ʚʨʝʤ. ʦʪʩʯ. 2,9065 

Mseq (15) 3.3572 0.1432 6 6/dl =(1ï2 ʚʨʝʤ. ʦʪʩʯ. 2,7152 

ZC (11,15) 5.3811 0.0874 6 6/dl =(1ï2)ʚʨʝʤ. ʦʪʩʯ. 2,4616 

Fr (11,16) 6.0356 0.1457 6 6/dl =(1ï2) ʚʨʝʤ. ʦʪʩʯ. 2,46157 

ʆʉʐ=10ʜɹ, Fdopp=100ɻʮ 

D-bit (15) 2.3914 0.1137 6 (ɚP =25%) 2/dl =(Ñ15) ʚʨʝʤ. ʦʪʩʯ. 5.5913 

Mseq (15) 3.1045 0.1204 6 6/dl =(1ï3) ʚʨʝʤ. ʦʪʩʯ. 3,0029 

ZC (11,15) 4.9964 0.1075 6 6/dl =(1ï2) ʚʨʝʤ. ʦʪʩʯ. 2,46175 

Fr (11,16) 5.6014 0.1531 6 6/dl =(1ï2) ʚʨʝʤ. ʦʪʩʯ. 2,4615 

ʆʉʐ=0ʜɹ, Fdopp=100ɻʮ 

D-bit (15) 2.3532 0.2001 6 (ɚP =25%) 4/dl =(4ï20)ʚʨʝʤ. ʦʪʩʯ. 5,8897 

Mseq (15) 2.7747 0.1972 4 (ɚP =25%) 4/dl =(1ï4) ʚʨʝʤ. ʦʪʩʯ. 3,4321 

ZC (11,15) 3.9107 0.2092 6 (ɚP =40%) 6/dl = (1ï2) ʚʨʝʤ. ʦʪʩʯ. 2,4988 

Fr (11,16) 4.4377 0.1940 6 6/dl = (1ï2) ʚʨʝʤ. ʦʪʩʯ. 2,4652 

 

ʊʘʙʣʠʮʘ 3.3 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ  ὓρὝ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʆʉʐ ʜʣʷ ʩʫʤʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ὅὃὤὃὅ ʠʣʠ ὓίὩή ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ 

ὑ ρυρφ 
D-bit, Mseq, ZC, 

Fr  

K=15/16 

MF  ɚ ï 

ʇʦʨʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ 

ʏʠʩʣʦ ʧʠʢʦʚ 

ɸʂʌ ʎʇ 

ʏʠʩʣʦ ʧʠʢʦʚ, 

ʧʨʦʰʝʜʰʠʭ ʧʦʨʦʛ/      

dl =|l i- let| ʚʨʝʤ. ʦʪʩʯ. 

M1{T SYN}(ʤʩ) 

P1=10-3 

ʆʉʐ=50ʜɹ, Fdopp=0,01ɻʮ 
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  ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.3 

D-bit, Mseq, ZC, 

Fr  

K=15/16 

MF  ɚ ï 

ʇʦʨʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ 

ʏʠʩʣʦ ʧʠʢʦʚ 

ɸʂʌ ʎʇ 

ʏʠʩʣʦ ʧʠʢʦʚ, 

ʧʨʦʰʝʜʰʠʭ ʧʦʨʦʛ/      

dl =|l i- let| ʚʨʝʤ. ʦʪʩʯ. 

M1{T SYN}(ʤʩ) 

P1=10-3 

D-bit (15) 2.5421 0.1347 6 (ɚP =25%) 6/dl max Ñ20 ʚʨʝʤ. ʦʪʩʯ. 4,6766 

Mseq (15) +D15 2.8199 0.1847 8 8/dl max Ñ10 ʚʨʝʤ. ʦʪʩʯ.  3,59 

ZC (11,15) +D15 4.9552 0.2109 6 8/ dl= Ñ1 ʚʨʝʤ. ʦʪʩʯʝʪ 2,462 

Fr (11,16) +D16 4.6276 0.2390 6 8/ dl= Ñ1 ʚʨʝʤ. ʦʪʩʯʝʪ 2,463 

ʆʉʐ=10ʜɹ, Fdopp=100ɻʮ 

Mseq (15) +D15 2.7892 0.1849 6 (ɚP =25%) 6/ dl = Ñ1 ʚʨʝʤ. ʦʪʩʯʝʪ 3,678 

ZC (11,15) +D15 4.5746 0.1681 6 6/ dl = Ñ1 ʚʨʝʤ. ʦʪʩʯʝʪ 2,463 

Fr (11,16) +D16 4.2068 0.2117 6 6/ dl =Ñ 1 ʚʨʝʤ. ʦʪʩʯʝʪ 2,4721 

ʆʉʐ=0ʜɹ, Fdopp=100ɻʮ 

Mseq (15) +D15 2.7738 0.3795 2 (ɚP =13%) 2/dl max Ñ 20 ʚʨʝʤ. ʦʪʩʯ. 3,739 

ZC (11,15) +D15 3.3289 0.3676 6 (ɚP =17%) 6/dl =Ñ (1-2) ʚʨʝʤ.ʦʪʩʯ. 2,74 

Fr (11,16) +D16 3.1773 0.3903 6 (ɚP =14%) 6/dl =Ñ (1-2) ʚʨʝʤ.ʦʪʩʯ. 2,894 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ὓρὝ  ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʯʠʩʣʦʤ 

ʵʣʝʤʝʥʪʦʚ ὑ ρυρφ ʦʪʨʘʞʝʥʳ ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩʫʥʢʦʚ 3.13, 3.14 

 

ʈʠʩʫʥʦʢ 3.13  ï ɻʨʘʬʠʢʠ ὓρὝ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʆʉʐ ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʟʘʧʦʣʥʝʥʠʷ ʎʇ 

ʩʠʤʚʦʣʦʚ OFDM ʧʦʣʫʢʘʜʨʘ LTE DL ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ï ʢʨʘʩʥʳʡ ʧʫʥʢʪʠʨ, ZC ï 

ʩʠʨʝʥʝʚʘʷ ʣʠʥʠʷ, Fr ï ʩʠʥʷʷ ʣʠʥʠʷ, ʩʫʤʤʦʡ ὓ- ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ (ὓ Ὀ) ï 

ʢʨʘʩʥʳʡ ʰʪʨʠʭ-ʧʫʥʢʪʠʨ, ʩʫʤʤʦʡ ZC ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ (ZC+D) ï ʩʠʨʝʥʝʚʳʡ ʰʪʨʠʭ-

ʧʫʥʢʪʠʨ, ʩʫʤʤʦʡ Fr ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ (Fr +D) ï ʩʠʥʠʡ ʰʪʨʠʭ-ʧʫʥʢʪʠʨ, ʙʘʟʦʚʳʡ 

ʚʘʨʠʘʥʪ ï ʯʝʨʥʳʡ ʧʫʥʢʪʠʨ, ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ K=15/16, P1=10-3 
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ʈʠʩʫʥʦʢ 3. 14 ï ɻʨʘʬʠʢʠ ʚʝʣʠʯʠʥ M1{TSYN} ʚ ʫʚʝʣʠʯʝʥʥʦʤ ʬʦʨʤʘʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʆʉʐ ʜʣʷ 

ʚʘʨʠʘʥʪʦʚ ʟʘʧʦʣʥʝʥʠʷ ʎʇ ʩʠʤʚʦʣʦʚ OFDM ʧʦʣʫʢʘʜʨʘ LTE DL ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ï 

ʢʨʘʩʥʳʡ ʧʫʥʢʪʠʨ, ZC ï ʩʠʨʝʥʝʚʘʷ ʣʠʥʠʷ, Fr ï ʩʠʥʷʷ ʣʠʥʠʷ, ʩʫʤʤʦʡ  ὓ - ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ (Mseq+D) ï ʢʨʘʩʥʳʡ ʰʪʨʠʭ-ʧʫʥʢʪʠʨ, ʩʫʤʤʦʡ ZC ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ (ZC+D) ï 

ʩʠʨʝʥʝʚʳʡ ʰʪʨʠʭ-ʧʫʥʢʪʠʨ, ʩʫʤʤʦʡ Fr ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ (Fr +D) ï ʩʠʥʠʡ ʰʪʨʠʭ-

ʧʫʥʢʪʠʨ, ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ K=15/16, P1=10-3. 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ὓρὝ  ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʯʠʩʣʦʤ 

ʵʣʝʤʝʥʪʦʚ  ὑ φσφτ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.4 ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʟʘʧʦʣʥʝʥʠʷ 

ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ (Ὀ ὦὭὸȟὓίὩήȟὤὅȟὊὶ); ʚ ʪʘʙʣʠʮʝ 3.5 ʜʣʷ ʚʘʨʠʘʥʪʦʚ  Ὀ

ὦὭὸȟὓίὩήὈ ὦὭὸȟὤὅ Ὀ ὦὭὸȟὊὶ Ὀ ὦὭὸ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʜʨʘ LTE 

DL ʯʝʨʝʟ ʈʵʣʝʝʚʩʢʠʡ ʢʘʥʘʣ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ɸɹɻʐ ʩ ʆʉʐ=0ʜɹ, 10ʜɹ, 50ʜɹ, 

ʧʨʦʬʠʣʷʤʠ ʟʘʜʝʨʞʝʢ ὉὝὟ, ɼʦʧʧʣʝʨʦʚʩʢʠʤ ʩʤʝʱʝʥʠʝʤ ʯʘʩʪʦʪʳ 100ɻʮ, ὗὖὛὑ 

ʤʦʜʫʣʷʮʠʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʟʥʘʯʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʠ 

ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ὖ ρπȢ 

 

ʊʘʙʣʠʮʘ 3.4 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ  ὓρὝ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʆʉʐ ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʟʘʧʦʣʥʝʥʠʷ ʎʇ ʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʩ ὑ φσφτ 
D-bit, Mseq, 

ZC, Fr  

K=63/64 

MF  ɚ ï 

ʇʦʨʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ 

ʏʠʩʣʦ ʧʠʢʦʚ 

ɸʂʌ ʎʇ 

ʏʠʩʣʦ ʧʠʢʦʚ, 

ʧʨʦʰʝʜʰʠʭ ʧʦʨʦʛ/ 

dl=|l i- let| ʚʨʝʤ. ʦʪʩʯ. 

M1{T SYN}(ʤʩ) 

P1=10-3 

ʆʉʐ=50ʜɹ, Fdopp=0,01ɻʮ 

D-bit (63) 3.4308 0.1494 2 (ɚP =35%) 2/dl =(2ï3)ʚʨʝʤ. ʦʪʩʯ. 2.68 

Mseq (63) 8.9159 0.1315 6 6/ dl =1 ʚʨʝʤ. ʦʪʩʯʝʪ 2.465 

ZC (47,63) 12.3133 0.1562 6 6/ dl =1 ʚʨʝʤ. ʦʪʩʯʝʪ 2.4 
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D-bit, Mseq, 

ZC, Fr  

K=63/64 

MF  ɚ ï 

ʇʦʨʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ 

ʏʠʩʣʦ ʧʠʢʦʚ 

ɸʂʌ ʎʇ 

ʏʠʩʣʦ ʧʠʢʦʚ, 

ʧʨʦʰʝʜʰʠʭ ʧʦʨʦʛ/ 

dl=|l i- let| ʚʨʝʤ. ʦʪʩʯ. 

M1{T SYN}(ʤʩ) 

P1=10-3 

Fr (47,64) 16.1307 0.1522 6 6/ dl =1 ʚʨʝʤ. ʦʪʩʯʝʪ 2.4 

ʆʉʐ=10ʜɹ, Fdopp=100ɻʮ 

D-bit (63) 2.3471 0.1137 8 (ɚP =35%) 2/dl =(3ï4) ʚʨʝʤ.ʦʪʩʯ. 5.8897 

Mseq (63) 7.8909 0.0994 6 6/dl =(1ï3) ʚʨʝʤ.ʦʪʩʯ. 2.472 

ZC (47,63) 9.9404 0.1190 6 6/dl =(1ï2) ʚʨʝʤ.ʦʪʩʯ. 2.461 

Fr (47,64) 13.9725 0.0984 6 6/dl =1 ʚʨʝʤ. ʦʪʩʯʝʪ 2,461 

ʆʉʐ=0ʜɹ, Fdopp=100ɻʮ 

D-bit (63) 2.3023 0.1378 9 (ɚP =25%) 9/dl Ñ10 ʚʨʝʤ. ʦʪʩʯ. 6.3024 

Mseq (63) 3.6325 0.1132 6 6/dl = (1-2) ʚʨʝʤ.ʦʪʩʯ. 2,571 

ZC (47,63) 5.0490 0.1285 6 6/dl = (1-2) ʚʨʝʤ.ʦʪʩʯ. 2,4617 

Fr (47,64) 6.1159 0.1174 6 6/dl= (1-2) ʚʨʝʤ. ʦʪʩʯ. 2,461 

 

ʊʘʙʣʠʮʘ 3.5 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ  ὓρὝ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʆʉʐ ʜʣʷ ʩʫʤʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʟʘʧʦʣʥʝʥʠʷ ʎʇ 

ʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʩ ὑ φσφτ 
D-bit, Mseq+D, 

ZC+D, Fr+D  

K=63/64 

MF  ɚ ï 

ʇʦʨʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ 

ʏʠʩʣʦ ʧʠʢʦʚ 

ɸʂʌ ʎʇ 

ʏʠʩʣʦ ʧʠʢʦʚ, 

ʧʨʦʰʝʜʰʠʭ ʧʦʨʦʛ/  

dl=|l i- let| ʚʨʝʤ. ʦʪʩʯ. 

M1{T SYN}(ʤʩ) 

P1=10-3 

ʆʉʐ=50ʜɹ, Fdopp=0,01ɻʮ 

D-bit (63) 3.4308 0.1494 2 (ɚP =35%) 2/ dl =3 ʚʨʝʤ. ʦʪʩʯʝʪʘ 2.6 

Mseq (63) +D63 6.3281 0.1430 6 6/ dl =1 ʚʨʝʤ. ʦʪʩʯʝʪ 2.4615 

ZC (47,63) +D63 8.7098 0.3415 6 6/ dl =1 ʚʨʝʤ. ʦʪʩʯʝʪ 2.46 

Fr (47,64) +D64 8.1411 0.1259 6 6/ dl =1 ʚʨʝʤ. ʦʪʩʯʝʪ 2,461 

ʆʉʐ=10ʜɹ, Fdopp=100ɻʮ 

D-bit (63) 2.3471 0.1137 8 (ɚP =35%) 2/dl =3 ʚʨʝʤ. ʦʪʩʯʝʪʘ 5.8897 

Mseq (63) +D63 5.1303 0.1459 6 6/dl =1 ʚʨʝʤ. ʦʪʩʯʝʪ 2.4616 

ZC (47,63) +D63 7.4799 0.3088 6 6/dl =1 ʚʨʝʤ. ʦʪʩʯʝʪ 2,461 

Fr (47,64) +D64 6.8449 0.1518 6 6/dl =1 ʚʨʝʤ. ʦʪʩʯʝʪ 2,461 

ʆʉʐ=0ʜɹ, Fdopp=100ɻʮ 

D-bit (63) 2.3023 0.1378 9 (ɚP =15%) 9/dl maxÑ10 ʚʨʝʤ. ʦʪʩʯ. 6.3024 
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D-bit, Mseq+D, 

ZC+D, Fr+D 

K=63/64 

MF ɚ ï 

ʇʦʨʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ 

ʏʠʩʣʦ ʧʠʢʦʚ 

ɸʂʌ ʎʇ 

ʏʠʩʣʦ ʧʠʢʦʚ, 

ʧʨʦʰʝʜʰʠʭ ʧʦʨʦʛ/  

dl=|l i- let| ʚʨʝʤ. ʦʪʩʯ. 

M1{T SYN}(ʤʩ) 

P1=10-3 

Mseq (63) +D63 3.6615 0.3679 6 (ɚP =17%) 6/dl =1 ʚʨʝʤ. ʦʪʩʯʝʪ 2,556 

ZC (47,63) +D63 5.4758 0.4685 6 (ɚP =20%) 6/dl =1 ʚʨʝʤ. ʦʪʩʯʝʪ 2,4617 

Fr (47,64) +D64 4.7435 0.3592 6 (ɚP =25%) 6/dl =1 ʚʨʝʤ. ʦʪʩʯʝʪ 2,4623 

 

ɺ ʪʘʙʣʠʮʘʭ 3.2 ï 3.5 ʚ ʩʪʦʣʙʮʝ "ʏʠʩʣʦ ʧʠʢʦʚ ɸʂʌ ʎʇ" ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʦ ɚP 

ï ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʘ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʩʫʤʤʳ ʤʦʱʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʥʘ ʠʥʪʝʨʚʘʣʝ ʎʇ, 

ʫʩʨʝʜʥʝʥʥʦʡ ʧʦ ʟʥʘʯʝʥʠʷʤ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʎʇ 7 ʩʠʤʚʦʣʦʚ ʩʣʦʪʘ (ʜʣʷ ʢʘʜʨʘ 

LTE). ɽʩʣʠ ʟʥʘʯʝʥʠʝ ɚP ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʪʦʣʙʮʝ ʪʘʙʣʠʮʳ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ 

ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʘ ɚ (ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʩʪʦʣʙʮʝ "ɚ ï ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ") 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (3.20) ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʚʠʥʫ 

ʩʫʤʤʳ ʤʦʱʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʥʘ ʠʥʪʝʨʚʘʣʝ ʎʇ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ὓρὝ  ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʯʠʩʣʦʤ 

ʵʣʝʤʝʥʪʦʚ ὑ φσφτ  ʠ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ 

ʦʪʨʘʞʝʥʳ ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩʫʥʢʦʚ 3.15, 3.16 

 

 
ʈʠʩʫʥʦʢ 3.15 ï ɻʨʘʬʠʢʠ M1{TSYN} ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʆʉʐ ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʟʘʧʦʣʥʝʥʠʷ ʎʇ 

ʩʠʤʚʦʣʦʚ OFDM  ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ï ʢʨʘʩʥʳʡ ʰʪʨʠʭ-ʧʫʥʢʪʠʨ, ZC ï ʩʠʨʝʥʝʚʘʷ ʣʠʥʠʷ, Fr 

ï ʩʠʥʷʷ ʣʠʥʠʷ, ʩʫʤʤʦʡ ὓ- ʠ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ (Mseq+D) ï ʢʨʘʩʥʳʡ ʰʪʨʠʭ-ʧʫʥʢʪʠʨ, ʩʫʤʤʦʡ ZC 

ʠ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ (ZC+D) ï ʩʠʨʝʥʝʚʳʡ ʰʪʨʠʭ-ʧʫʥʢʪʠʨ, ʩʫʤʤʦʡ Fr ʠ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ (Fr +D) 

ï ʩʠʥʠʡ ʰʪʨʠʭ ʧʫʥʢʪʠʨ; ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʤʚʦʣʦʚ ï ʯʝʨʥʳʡ ʧʫʥʢʪʠʨ, ʯʠʩʣʦ 

ʵʣʝʤʝʥʪʦʚ K=63/64, P1=10-3 
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ʈʠʩʫʥʦʢ 3.16ï ɻʨʘʬʠʢʠ ʚʝʣʠʯʠʥ M1{TSYN} ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʆʉʐ ʚ ʫʚʝʣʠʯʝʥʥʦʤ ʬʦʨʤʘʪʝ ʜʣʷ 

ʚʘʨʠʘʥʪʦʚ ʟʘʧʦʣʥʝʥʠʷ ʎʇ ʩʠʤʚʦʣʦʚ OFDM ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ï ʢʨʘʩʥʳʡ ʧʫʥʢʪʠʨ, ZC ï 

ʩʠʨʝʥʝʚʘʷ ʣʠʥʠʷ, Fr ï ʩʠʥʷʷ ʣʠʥʠʷ, ʩʫʤʤʦʡ ʄ- ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ (Mseq+D) ï ʢʨʘʩʥʳʡ 

ʰʪʨʠʭ-ʧʫʥʢʪʠʨ, ʩʫʤʤʦʡ ZC ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ (ZC+D) ï ʩʠʨʝʥʝʚʳʡ ʰʪʨʠʭ-ʧʫʥʢʪʠʨ, 

ʩʫʤʤʦʡ Fr ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ (Fr +D) ï ʩʠʥʠʡ ʰʪʨʠʭ-ʧʫʥʢʪʠʨ, ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ K=63/64, P1=10-3 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʧʦʣʥʝʥʠʝ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ 

ʩʫʤʤʦʡ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʢʦʪʦʨʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʨʝʩʫʨʩʘʤʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʚʳʙʠʨʘʶʪʩʷ ʢʦʨʦʪʢʠʝ 

ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʚʩʝʩʪʦʨʦʥʥʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʌʨʵʥʢʘ ʠ ɿʘʜʦʚʘ-ʏʫ ʩ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ 9. ʅʦ ʚʧʦʣʥʝ 

ʜʦʧʫʩʪʠʤʦ ʠ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʜʦ 15. ɻʨʫʙʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. 

ʇʨʠ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ ʠ ʨʘʚʥʦʡ 

ʘʤʧʣʠʪʫʜʝ ʚʩʝʭ 72 ʧʦʜʥʝʩʫʱʠʭ ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʝʣʠʯʠʥʘ 

ʦʜʥʦʡ ʧʦʜʥʝʩʫʱʝʡ ʨʘʚʥʘ  ὖ  = 1/72= 0,0138889  

ʇʨʠ ʜʣʠʥʝ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  ὑ ω  ʢ ʩʠʛʥʘʣʫ ʧʨʠʙʘʚʣʷʶʪʩʷ ʝʱʝ 

9 ʧʦʜʥʝʩʫʱʠʭ. ʇʨʠ ʪʦʤ ʞʝ ʥʦʨʤʠʨʦʚʘʥʠʠ ʩʠʛʥʘʣʘ ʢʘʜʨʘ ʚʝʣʠʯʠʥʘ ʢʘʞʜʦʡ 

ʧʦʜʥʝʩʫʱʝʡ ʨʘʚʥʘ  ὖ   ρȾψρ  πȟπρςστυχ , ʪ.ʝ. ʆʉʐ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 1,12 ʨʘʟ 

0 

0 

0 
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ʠʣʠ ʥʘ 0,511ʜɹ. ʇʦʜʦʙʥʘʷ ʦʮʝʥʢʘ ʜʣʷ  ὑ ρυ  ʜʘʝʪ ʨʝʟʫʣʴʪʘʪ ʫʤʝʥʴʰʝʥʠʷ ʆʉʐ ʚ 

1,208 ʨʘʟ ʠʣʠ ʥʘ 0,822ʜɹ. ɺ [46] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʩʣʝʜʩʪʚʠʝ ʬʘʟʦʚʦʛʦ ʰʫʤʘ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 1,0ʜɹ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ ʵʪʦ ʟʥʘʯʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʦʨʠʝʥʪʠʨʦʚʦʯʥʫʶ ʚʝʣʠʯʠʥʫ ʜʦʧʫʩʪʠʤʦʛʦ 

ʩʥʠʞʝʥʠʷ ʧʦʤʝʭʦʮʩʪʦʡʯʠʚʦʩʪʠ. ʇʨʠ ὑ ω   ʨʝʟʫʣʴʪʘʪ ʩʥʠʞʝʥʠʷ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤ. ʇʨʠ ὑ ρυ ʫʭʫʜʰʝʥʠʝ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʝʱʝ ʜʦʧʫʩʪʠʤʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʠʥʦʡ  ὑ ωȣρυ ʜʦʧʫʩʪʠʤʦ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʤʝʥʴʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʨʝʩʫʨʩʘʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ LTE DL. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʦʢ ὓρὝ  OFDM ʩʠʤʚʦʣʦʚ ʚ ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ ʜʣʷ 

ʚʘʨʠʘʥʪʦʚ ʟʘʧʦʣʥʝʥʠʷ ʎʇ ʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠʣʠ 

ʠʭ ʩʫʤʤʦʡ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʘʟʦʚʳʤ 

ʚʘʨʠʘʥʪʦʤ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʤʚʦʣʦʚ, ʣʠʙʦ ʚʘʨʠʘʥʪʦʤ ʧʨʦʪʦʪʠʧʘ ʟʘʧʦʣʥʝʥʠʷ ʎʇ  

ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠʣʠ ʠʭ ʩʫʤʤʦʡ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ï ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʨʦʪʢʠʭ ὑ ρυȾρφ ʠ ʜʣʠʥʥʳʭ ὑ φσȾφτ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʣʠʙʦ ʠʭ ʩʫʤʤʳ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʥʮʦʚ 

ʩʠʤʚʦʣʦʚ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ, ʚʨʝʤʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ 

ʧʠʢʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʠʟ 7 ʩʠʤʚʦʣʦʚ ʤʝʥʴʰʝ ʚ 1,05 ï 

2,6 ʨʘʟ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʘʟʦʚʦʤʫ ʚʘʨʠʘʥʪʫ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʤʚʦʣʦʚ, ʣʠʙʦ ʚ 

1,04 ï 1,5 ʨʘʟʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʘʨʠʘʥʪʫ ʧʨʦʪʦʪʠʧʘ ʟʘʧʦʣʥʝʥʠʷ ʎʇ  

ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠ ʠʭ ʩʫʤʤʦʡ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʆʉʐ ʠ ʚʳʙʦʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʣʠ ʢʦʤʙʠʥʘʮʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ; 

ï ὓὊ ɸʂʌ ʎʇ ʜʣʷ ʢʦʨʦʪʢʠʭ ὑ ρυȾρφ ὅὃὤὃὅ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ ʠʣʠ ʠʭ ʩʫʤʤʳ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ 

ʚʳʰʝ ʚ 1,9 ï 2,3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ὓὊ ɸʂʌ ʎʇ ʚ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʠ ʚ 1,2 ï 1,8 

ʨʘʟ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ ὓ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʪʦʡ ʞʝ ʜʣʠʥʳ; 
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ï ὓὊ ɸʂʌ ʎʇ ʜʣʷ ʜʣʠʥʥʳʭ ὑ φσȾφτ ὅὃὤὃὅ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ ʠʣʠ ʠʭ ʩʫʤʤʳ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ 

ʚʳʰʝ ʚ 2,4 ï 5,9 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ὓὊ ɸʂʌ ʎʇ ʚ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʠ ʚ 1,4 ï 1,8 

ʨʘʟ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ ὓ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʪʦʡ ʞʝ ʜʣʠʥʳ; 

ï ʘʤʧʣʠʪʫʜʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʠʢʦʚ ʧʦ ʩʣʦʪʫ ʜʣʷ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʚ 

ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʪʘʢʦʚʳ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʨʦʛʘ ɚ 

(ʚʳʨʘʞʝʥʠʝ 3.20) ʩ 50% ʦʪ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʩʫʤʤʳ ʘʤʧʣʠʪʫʜ ʚʨʝʤʝʥʥʳʭ 

ʦʪʩʯʝʪʦʚ ʎʇ ʩʠʤʚʦʣʦʚ ʩʣʦʪʘ ʜʦ 35%...15% ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʆʉʐ 

(π̅ȟˎρπ̅ȟˎυπ̅ˎ). ʇʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʆʉʐ ʯʠʩʣʦ ʧʠʢʦʚ ʥʝʩʪʘʙʠʣʴʥʦ, 

ʚʦʟʥʠʢʘʝʪ ~ 30% ʣʦʞʥʳʭ ʧʠʢʦʚ; 

ï ʚ ʚʘʨʠʘʥʪʝ ʟʘʧʦʣʥʝʥʠʷ ʎʇ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠ ʠʭ ʩʫʤʤʦʡ ʩ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʥʠʞʝʥʠ ̫

ʚʝʣʠʯʠʥʳ ʧʦʨʦʛʘ ɚ ʜʦ 13% ï 17% ʦʪ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʩʫʤʤʳ ʩʠʛʥʘʣʦʚ ʎʇ 

ʩʠʤʚʦʣʦʚ ʩʣʦʪʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ʆʉʐ=π̅ˎ  (ʩʤ. ʪʘʙʣʠʮʳ 3.3, 3.5);  

ï ʚ ʚʘʨʠʘʥʪʘʭ ʧʨʠʤʝʥʝʥʠʷ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʥʠʞʝʥʠʷ ʧʦʨʦʛʘ ʚʦʩʪʨʝʙʦʚʘʥʘ ʨʝʞʝ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʠʢʘʤ ɸʂʌ ʎʇ 

ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʧʨʠ ʵʪʦʤ 

ʪʦʯʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ ʩʠʤʚʦʣʦʚ ʜʣʷ ʙʘʟʦʚʦʛʦ ʠ ʚʘʨʠʘʥʪʘ ὓ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ~ ʚ 10 ʨʘʟ ʭʫʞʝ, ʯʝʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ; 

ï ʚ ʩʣʫʯʘʝ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ὑ φσȾφτ  ʟʥʘʯʝʥʠʷ ὓρὝ  ʜʣʷ ʚʘʨʠʘʥʪʦʚ 

ʧʨʠʤʝʥʝʥʠʷ ὓ- ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʙʣʠʞʘʶʪʩʷ, ʥʦ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʦʙʱʝʤ, ʘ  Ὂὶ ï ʚ ʯʘʩʪʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ OFDM ʩʠʤʚʦʣʦʚ; 

 ï ʫʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʨʝʩʫʨʩʘʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʘʜʨʘ LTE DL, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʢʦʨʦʪʢʠʝ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὑ ωȣρυ  ʧʨʠ 
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ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ ʠʭ ʩʫʤʤʦʡ ʩ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.   

 

 

 

3.5.4 ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʤʝʱʝʥʠʷ  

ʧʦʜʥʝʩʫʱʠʭ OFDM ʩʠʤʚʦʣʦʚ 

 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ 

OFDM ʩʠʤʚʦʣʦʚ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ 

OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL ʢʘʥʘʣʘ ʩʚʷʟʠ ʠ ʚʳʯʠʩʣʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ ʧʦ ʬʦʨʤʫʣʘʤ (2.8), (3.15) ʜʣʷ ʚʘʨʠʘʥʪʦʚ 

ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ: 

- ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ Ὀ ὦὭὸ (ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ), 

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ὤὅ.  

ʋʩʣʦʚʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

- ʧʨʦʭʦʞʜʝʥʠʝ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ ʯʝʨʝʟ ʠʜʝʘʣʴʥʳʡ ʢʘʥʘʣ ʜʣʷ ʚʘʨʠʘʥʪʘ 

ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʠʩʩʣʝʜʫʝʤʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʩ ʯʠʩʣʦʤ 

ʵʣʝʤʝʥʪʦʚ ὑ ωȟρσȟρχȟσχ; 

- ʧʨʦʭʦʞʜʝʥʠʝ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ ʢʘʥʘʣʘ ʩ ʈʵʣʝʝʚʩʢʠʤʠ ʟʘʤʠʨʘʥʠʷʤʠ 

ʠ ʜʦʙʘʚʣʝʥʠʝʤ ɸɹɻʐ ˛˞˥ π̅ȟˎρπ̅ˎ, ʚ ʩʣʫʯʘʝ ʟʘʧʦʣʥʝʥʠ ̫ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ὤὅυȟω, ὤὅρσȟρχ ʠ ʩʣʫʯʘʝ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʤʚʦʣʦʚ 

ʢʘʜʨʘ (ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ). 

ɺ ʩʣʫʯʘʝ ʟʘʧʦʣʥʝʥʠʷ ʎʇ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʠʭ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʨʝʜʥʷʶʪʩʷ ʧʦ 10 ʚʘʨʠʘʥʪʘʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ὑ. ʆʙʦʩʥʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ 

ʰʘʛʘ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ OFDM 

ʩʠʤʚʦʣʦʚ ʀ  ʠ ʚʳʚʦʜ ʚʳʨʘʞʝʥʠʷ (3.15) ʚʟʘʠʤʦʩʚʷʟʠ ʀ  ʠ ʀ  ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʧʦʜʨʘʟʜʝʣʝ 3.3.4. 

ʇʘʨʘʤʝʪʨʳ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʚ ʨʝʞʠʤʝ "ʤʝʜʣʝʥʥʳʭ" ʟʘʤʠʨʘʥʠʡ: 
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- ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ OFDM ʩʠʤʚʦʣʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ï  

ρȾρωςππππ ̒ πȢυς̍̋̒; 

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ɼʦʧʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ï 

ψπː̗ ʩ ʫʯʝʪʦʤ  ʧʨʠʦʨʠʪʝʪʘ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʦʬʠʣʝʡ ʟʘʜʝʨʞʝʢ ETU, EPA; 

- 8 ʧʫʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ; 

- ʟʥʘʯʝʥʠʷ ʟʘʜʝʨʞʝʢ ʧʦ ʧʫʪʷʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ()̒: πȠ ρȟχὩ χȠυȟςὩ

χȠ ρȟφὩ φȠ  υȟρὩ φȠ  ψȟρὩ φȠ  ρȟρὩ υȠ  ρȟυὩ υ; 

- ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ ʧʦ ʧʫʪʷʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

(̅ ȡˎπȟυȠρȟχȠςȟςȠ ςȟφȠ σȟρȠ τȟρȠ υȟφȠ φȟφ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʜʨʘ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʘʥʘʣʘ ʚ ʧʨʝʜʝʣʘʭ 30% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʋʩʨʝʜʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ὓὊ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ 70 OFDM ʩʠʤʚʦʣʘʤ ʧʦʣʫʢʘʜʨʘ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʦʢ ʀ  ʜʣʷ ʚʘʨʠʘʥʪʘ 

ʠʜʝʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [85]. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ ʥʘ ʨʠʩʫʥʢʝ 

3.17 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ‐  OFDM 

ʩʠʤʚʦʣʘ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʢʦʥʮʘ ʩʠʤʚʦʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ὤὅὑ

ωȟρσȟρχȟσχ) ʦʪʥʦʩʠʪʝʣʴʥʦ ‐  ʜʣʷ OFDM ʩʠʤʚʦʣʦʚ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʤʚʦʣʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʢʘʜʨʦʤ OFDM 

ʩʠʤʚʦʣʦʚ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʩ ʯʠʩʣʦʤ 

ʵʣʝʤʝʥʪʦʚ ὑ ωȟρχ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [85] ʜʣʷ ʚʘʨʠʘʥʪʦʚ ˛˞˥ ρπ̅ˎ ʠ 

˛˞˥ π̅ˎ. ʅʘ ʨʠʩʫʥʢʝ 3.18 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ 

ʯʘʩʪʦʪʳ ‐  ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ὤὅὑ

ωȟρχ ʦʪʥʦʩʠʪʝʣʴʥʦ ‐  ʜʣʷ OFDM ʩʠʤʚʦʣʦʚ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ 

ʜʣʷ ʚʘʨʠʘʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʜʨʦʤ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʈʵʣʝʝʚʩʢʠʤʠ ʟʘʤʠʨʘʥʠʷʤʠ ʚ  

ʚʘʨʠʘʥʪʘʭ ʜʦʙʘʚʣʝʥʠʷ ɸɹɻʐ ï ˛˞˥ π̅ȟˎρπ̅ˎ. 
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ʈʠʩʫʥʦʢ 3.17 ï ɻʨʘʬʠʢ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ  
ʀ  ʜʣʷ ʚʘʨʠʘʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ  

ὤὅὑ ωȟρσȟρχȟσχ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʀ  ʚ ʚʘʨʠʘʥʪʝ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʥʮʦʚ 

ʩʠʤʚʦʣʦʚ  

 

 

ʈʠʩʫʥʦʢ 3.18 ï ɻʨʘʬʠʢ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ  ‐  ʜʣʷ ʚʘʨʠʘʥʪʘ 

ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ  ὤὅὑ ωȟρχ ʦʪʥʦʩʠʪʝʣʴʥʦ 
‐  ʜʣʷ ʚʘʨʠʘʥʪʘ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʘʜʨʘ 

ʢʘʥʘʣʘ ʩ ʈʵʣʝʝʚʩʢʠʤʠ ʟʘʤʠʨʘʥʠʷʤʠ ʠ ʜʦʙʘʚʣʝʥʠʝʤ ɸɹɻʐ ʚ ʩʣʫʯʘʷʭ  

˛˞˥ π̅ȟˎρπ̅ˎ. 
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ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʠʚʝʜʸʥʥʳʤ ʚ ʪʘʙʣʠʮʘʭ [85]  ʠ ʛʨʘʬʠʢʘʭ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʚʝʣʠʯʠʥʳ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʩʤʝʱʝʥʠʷ ‐  ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

ὤὅ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʠʯʠʥʦʡ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ ‐  ʙʝʟ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʤʚʦʣʦʚ [85]:  

- ʚ 1,4 ï 1,847 ʨʘʟ ʜʣʷ ʩʣʫʯʘʷ ʠʜʝʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʠ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ὑ ωȟρσȟρχȟσχ; 

- ʚ 1,1 ï 1,149 ʨʘʟ ʜʣʷ ʩʣʫʯʘʷ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ OFDM ὤὅὑ

ωȟρχ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʘʜʨʦʤ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʈʵʣʝʝʚʩʢʠʤʠ ʟʘʤʠʨʘʥʠʷʤʠ ʠ 

ʜʦʙʘʚʣʝʥʠʝʤ ɸɹɻʐ ʚ ʚʘʨʠʘʥʪʝ ˛˞˥ ρπ̅ˎ; 

- ʚ 1,062 ï 1,144 ʨʘʟ ʜʣʷ ʩʣʫʯʘʷ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ OFDM 

ὤὅὑ ωȟρχ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʈʵʣʝʝʚʩʢʠʤʠ ʟʘʤʠʨʘʥʠʷʤʠ ʠ 

ʜʦʙʘʚʣʝʥʠʝʤ ɸɹɻʐ ʚ ʚʘʨʠʘʥʪʝ ˛˞˥ π̅ˎ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʝ ʯʘʩʪʦʪʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʚ ʚʘʨʠʘʥʪʝ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ OFDM ʩʠʤʚʦʣʦʚ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʥʘ ʧʨʠʤʝʨʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ὤὅ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʙʘʟʦʚʳʤ ʚʘʨʠʘʥʪʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʥʘʣʘ ʩ ʈʵʣʝʝʚʩʢʠʤʠ ʟʘʤʠʨʘʥʠʷʤʠ ʠ ʥʠʟʢʠʤ ˛˞.˥ ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [85]. 

 

 

 

3.5.5 ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʜʨʦʙʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ ʩʠʤʚʦʣʦʚ 

 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʜʣʷ 1-ʦʡ ʧʦʜʥʝʩʫʱʝʡ 

Ὢ  OFDM ʩʠʤʚʦʣʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ "ʦʢʥʘ" ʧʨʠʝʤʘ 

ʢʘʜʨʘ LTE DL, ʚʳʯʠʩʣʷʝʤʳʝ ʠʟ ʚʳʨʘʞʝʥʠʷ  (3.18), ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.6, 

3.7 ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

- ʚʘʨʠʘʥʪʳ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ OFDM ʩʠʤʚʦʣʦʚ "ʦʢʥʘ" ʧʨʠʝʤʘ ʢʘʜʨʘ 

1) ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʥʮʘ OFDM ʩʠʤʚʦʣʦʚ,  
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2) ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʵʣʝʤʝʥʪʘʤʠ ὤὅςȟω;   

- ʚʘʨʠʘʥʪʳ ʧʨʦʬʠʣʝʡ ʟʘʜʝʨʞʝʢ ʤʦʜʝʣʝʡ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʜʣʷ ʢʘʜʨʘ 

LTE DL [72]: ETU, EVA, EPA ʩ ʜʦʙʘʚʣʝʥʠʝʤ ɸɹɻʐ ˛˞˥ π̅ȟˎρπ̅Ȣˎ 

 

ʊʘʙʣʠʮʘ 3.6 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʜʣʷ 1-ʦʡ 

ʧʦʜʥʝʩʫʱʝʡ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʜʨʘ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʩ ˛˞˥ ρπ̅ˎ 

 ὰ ï 

ʵʪʘʣ. 

ʥʦʤʝʨ 

ʚʨʝʤ. 

ʦʪʩʯ 

ETU 

Ὠὰὲ 

 ὤὅ  

ETU  

Ў• 

(rad) 

ὤὅ 

ETU     

   Ὠὰὲ 

Ὀ ὦὭὸ  

ETU 

 Ў•  

(rad) 

 Ὀ ὦὭὸ  

EVA      

   Ὠὰὲ 

  ὤὅ  

EVA  

Ў• 

(rad)  

 ὤὅ  

EVA     

   Ὠὰὲ  
Ὀ ὦὭὸ  

EVA 

Ў• (rad) 

Ὀ ὦὭὸ  

EPA   

    Ὠὰὲ 

 ὤὅ  

EPA  

 Ў• 

(rad) 

  ὤὅ  

EPA 

    Ὠὰὲ 

Ὀ ὦὭὸ  

EPA  

Ў• 

(rad) 

Ὀ
ὦὭὸ  

1 0 0 0 0 0 0 0 0 0 0 0 0 

137 0 0 0 0 0 0 0 0 0 0 0 0 

274 0 0 0 0 0 0 0 0 0 0 0 0 

411 0 0 0 0 0 0 0 0 0 0 0 0 

548 -18 -0,86 -69 -3,39 -68 -3.31 -81 -3,97 -6 -0,294 -46 -2,25 

685 -18 -0,86 -69 -3,33 -68 -3.31 -81 -3,97 -6 -0,294 -46 -2,25 

822 -19 -0,92 -69 -3,39 -68 -3.31 -81 -3,97 -6 -0,294 -46 -2,25 

 

ʊʘʙʣʠʮʘ 3.7 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʜʣʷ 1-ʦʡ 

ʧʦʜʥʝʩʫʱʝʡ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʜʨʘ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʩ ˛˞˥ π̅ˎ 
ὰ ï 

ʵʪʘʣ. 

ʥʦʤʝʨ 

ʚʨʝʤ. 

ʦʪʩʯ. 

ETU 

Ὠὰὲ 

 ὤὅ  

ETU  

Ў• 

(rad) 

ὤὅ 

ETU     

   Ὠὰὲ 

Ὀ ὦὭὸ  

ETU 

 Ў• 

(rad) 

 Ὀ ὦὭὸ  

EVA      

  Ὠὰὲ 

 ὤὅ  

EVA  

Ў• 

(rad)  

 ὤὅ  

EVA     

   Ὠὰὲ 

Ὀ ὦὭὸ  

EVA 

Ў• (rad)  

Ὀ ὦὭὸ  

EPA   

    Ὠὰὲ 

 ὤὅ  

EPA  

 Ў• 

(rad) 

  ὤὅ  

EPA   

Ὠὰὲ 

Ὀ ὦὭὸ  

EPA  

Ў•(rad) 

Ὀ ὦὭὸ  

1 0 0 0 0 0 0 0 0 0 0 0 0 

137 0 0 0 0 0 0 0 0 0 0 0 0 

274 0 0 0 0 0 0 0 0 0 0 0 0 

411 0 0 0 0 0 0 0 0 0 0 0 0 

548 -21 -0,996 -71 -3,5 -68 -3.31 -81 -3,97 -7 -0,343 -58 -2,86 

685 -20 -0,996 -72 -3,5 -68 -3.31 -81 -3,97 -7 -0,343 -58 -2,86 

822 -20 -0,992 -72 -3,5 -68 -3.31 -81 -3,97 -7 -0,343 -58 -2,86 

 

ɺ ʪʘʙʣʠʮʘʭ 3.6, 3.7 ὰ ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʝʪʘ ʠʜʝʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ OFDM ʩʠʤʚʦʣʦʚ "ʦʢʥʘ" ʧʨʠʝʤʘ ʢʘʜʨʘ, Ὠὰὲ

ὰὲ ὰ ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʧʦʣʦʞʝʥʠʷ ʧʠʢʘ ɸʂʌ ʎʇ ὰὲ ʦʪ 
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ʠʜʝʘʣʴʥʦʛʦ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʝʚʳʰʝʥʠʷ ʧʠʢʦʤ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥ;̫ ὲ ï ʥʦʤʝʨ 

ʧʦʜʥʝʩʫʱʝʡ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ὲ ρ. ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ 

ʚʳʨʘʞʝʥʠʷ (3.20) ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʣʦʚʠʥʫ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʧʠʢʦʚ 

ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ. Ўʒ (rad) ï ʫʩʨʝʜʥʸʥʥʘʷ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ "ʦʢʥʘ" ʧʨʠʝʤʘ 

ʢʘʜʨʘ LTE DL ʟʥʘʯʝʥʠʝ ʜʨʦʙʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʝʨʚʦʡ ʧʦʜʥʝʩʫʱʝʡ ʦʪ ʝʝ 

ʠʜʝʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʨʘʜʠʘʥʘʭ. 

ʅʘ ʨʠʩʫʥʢʝ 3.19 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ 

ʧʝʨʚʦʡ ʧʦʜʥʝʩʫʱʝʡ OFDM ʩʠʤʚʦʣʦʚ Ў•ά  ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʘʟʳ 

ʧʦʜʥʝʩʫʱʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʤʝʨʦʤ ʩʠʤʚʦʣʘ ʩʣʦʪʘ ρ ά χ "ʦʢʥʘ" ʧʨʠʝʤʘ 

ʢʘʜʨʘ LTE DL, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʩʠʤʚʦʣʦʚ ʩʣʦʪʘ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʛʨʘʬʠʢʦʚ. ʆʮʝʥʢʘ ʚʳʧʦʣʥʝʥʘ ʜʣʷ ʧʨʦʬʠʣʝʡ ʟʘʜʝʨʞʢʠ 

ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ETU, EVA, EPA ʩ ɸɹɻʐ (ʆʉʐ=π̅ȟˎρπ̅ˎ.  

ʅʘ ʨʠʩʫʥʢʝ 3.20 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʩ ʟʘʧʦʣʥʝʥʠʝʤ 

ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʵʣʝʤʝʥʪʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὤὅςȟω ʠ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ 

ʎʇ  ʚ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʤʚʦʣʦʚ ʜʣʷ ʧʨʦʬʠʣʝʡ ʟʘʜʝʨʞʝʢ 

ʤʦʜʝʣʝʡ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ETU, EVA, EPA, ʟʥʘʯʝʥʠʝ ˛˞˥ ρπ̅ˎ.  

 
 

ʈʠʩʫʥʦʢ 3.19 ï ɻʨʘʬʠʢʠ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ Ў•ά  ʧʝʨʚʦʡ 

ʧʦʜʥʝʩʫʱʝʡ ʜʣʷ ʧʨʦʬʠʣʝʡ ʟʘʜʝʨʞʝʢ ETU (ʩʣʝʚʘ), EVA (ʚ ʮʝʥʪʨʝ), EPA (ʩʧʨʘʚʘ); 

ά  ï ʥʦʤʝʨ ʩʠʤʚʦʣʘ ʩʣʦʪʘ. ɺʘʨʠʘʥʪʳ ʟʘʧʦʣʥʝʥʠ ̫ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ï ὤὅςȟω ï 

ʩʠʥʠʡ ʮʚʝʪ ̨ ˞˥ ρπ̅ˎ), ὤὅςȟωɀ ʩʠʨʝʥʝʚʳʡ ʮʚʝʪ ï ˛˞˥ π̅)ˎ; Ὀω ὦὭὸ ï 

ʢʨʘʩʥʳʡ ʮʚʝʪ ˛˞˥ ρπ̅ˎ), Ὀω ὦὭὸ  ï ʟʝʣʝʥʳʡ ʮʚʝʪ ˛˞˥ π̅ˎ) 
 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʜʣʷ 1-ʦʡ ï 6-ʦʡ ʠ 36-

ʦʡ ʧʦʜʥʝʩʫʱʠʭ Ὢ  ɀ Ὢ ȟὪ  OFDM ʩʠʤʚʦʣʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʯʘʩʪʦʪʥʦʛʦ 



125 

 

ʜʠʘʧʘʟʦʥʘ "ʦʢʥʘ" ʧʨʠʸʤʘ ʢʘʜʨʘ LTE DL, ʚʳʯʠʩʣʷʝʤʳʝ ʠʟ ʚʳʨʘʞʝʥʠʷ  (3.18) ʜʣʷ 

ʪʝʭ ʞʝ ʫʩʣʦʚʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [91] ʠ ʪʘʙʣʠʮʘʭ ʇʨʠʣʦʞʝʥʠʷ ɹ. 

 

 
ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 3.20 ï ɻʨʘʬʠʢʠ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ  ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ "ʦʢʥʘ" ʧʨʠʝʤʘ 

ʢʘʜʨʘ ʚ ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ ʩ ˛˞˥ ρπ̅,ˎ ʧʨʦʬʠʣʷʤʠ ʟʘʜʝʨʞʝʢ ETU ï ʩʠʥʠʡ 

ʮʚʝʪ, EVA ï ʢʨʘʩʥʳʡ ʮʚʝʪ, EPA ï ʩʠʨʝʥʝʚʳʡ ʮʚʝʪ ʘ) ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʢʦʥʮʘ 

ʩʠʤʚʦʣʦʚ ʵʣʝʤʝʥʪʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὤὅςȟω ʙ) ïʚ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ 

ʧʦʩʪʨʦʝʥʠʷ OFDM ʩʠʤʚʦʣʦʚ  

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʜʨʦʙʥʦʡ ʚʝʣʠʯʠʥʳ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʝʨʚʦʡ 

ʧʦʜʥʝʩʫʱʝʡ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʜʣʷ ʚʘʨʠʘʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ὤὅςȟω 

ʦʮʝʥʢʘ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʜʣʷ ʚʘʨʠʘʥʪʘ ETU ˛˞˥ ρπ̅ˎ ʥʘ 

74,6% ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ,  

- ʜʣʷ ʚʘʨʠʘʥʪʘ EVA ˛˞˥ ρπ̅ˎ ʥʘ 16,6% ʤʝʥʴʰʝ, 

- ʜʣʷ ʚʘʨʠʘʥʪʘ EPA ˛˞˥ ρπ̅ˎ ʥʘ 87% ʤʝʥʴʰʝ, 

- ʜʣʷ ʚʘʨʠʘʥʪʘ ETU ˛˞˥ π̅  ˎʥʘ 71,5% ʤʝʥʴʰʝ, 
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- ʜʣʷ ʚʘʨʠʘʥʪʘ EVA ˛˞˥ π̅  ˎʥʘ 16,6% ʤʝʥʴʰʝ, 

- ʜʣʷ ʚʘʨʠʘʥʪʘ EPA ˛˞˥ π̅  ˎʥʘ 88% ʤʝʥʴʰʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʢʘ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ 1-ʦʡ ʧʦʜʥʝʩʫʱʝʡ 

ʚ ʩʣʫʯʘʝ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʵʣʝʤʝʥʪʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ZC ʚ 

1,7é1,9 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ, ʜʣʷ 

ʧʨʦʬʠʣʝʡ ʟʘʜʝʨʞʝʢ ETU, EPA; ʜʣ ̫ʚʘʨʠʘʥʪʘ EVA ʦʮʝʥʢʘ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ 

ʩʤʝʱʝʥʠʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ZC ʤʝʥʴʰʝ ~ ʚ 1,17 ʨʘʟ, ʪ.ʝ. ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʜʨʦʙʥʦʡ 

ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʜʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ OFDM ʩʠʤʚʦʣʦʚ ʩʙʣʠʞʘʶʪʩʷ.  

 

 

 

3.5.6 ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ ʚʦ 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ   

 

 

 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ɹʉ ʠ ʩʢʦʨʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠ ʩʣʫʯʘʡʥʦʡ ʝʝ ʧʦʪʝʨʝ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʝʪ ʪʦʯʥʦʩʪʴ "ʧʦʧʘʜʘʥʠʷ" ʚʦ ʚʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ 

LTE. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ 

"ʧʦʧʘʜʘʥʠʷ" ʚʦ ʚʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ Ñ 2 ʚʨʝʤʝʥʥʳʭ 

ʦʪʩʯʸʪʘ ʪ.ʝ. Ὠ† ρȟπτϽρπ  ͫ(ʧʦʜʨʘʟʜʝʣ 1.6). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ ʚ 

ʈʵʣʝʝʚʩʢʦʤ ʢʘʥʘʣʝ ʩ ˛˞˥ π̅ȟˎρπ̅ȟˎυπ̅ˎ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ὑ ω ̅ ̘̜̃̏̉̎̆ȟὤὅȟὊὶȠ  

ὑ   ρυȾρφ  ̅ ̘̜̃̏̉̎̆ȟὓ ȟὤὅȟὊὶȠ ὑ φσȾφτ ̅ ̘̜̃̏̉̎̆ȟὓ ȟὤὅȟὊὶ, ʜʣʷ 

ʚʘʨʠʘʥʪʦʚ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE: 

- ʢʦʥʝʮ ʩʠʤʚʦʣʘ ʟʘʧʦʣʥʷʶʪʩʷ ὤὅςȟωȟ̌ ̉̂ ̏Ὂὶψȟω;  

- ʢʦʥʝʮ ʩʠʤʚʦʣʘ ʟʘʧʦʣʥʷʶʪʩʷ ὤὅςȟωȟ̌ ̉̂ ̏Ὂὶψȟω ʚ ʩʫʤʤʝ ʩ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ Ὀω ὦὭὸ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʤʠ 

ὗὖὛὑ; 
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- ʢʦʥʝʮ ʩʠʤʚʦʣʘ ʟʘʧʦʣʥʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ Ὀω ὦὭὸ, 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʤʠ ὗὖὛὑ (ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ). 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ ʚʦ 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.8, 3.9. 

ɺ ʪʘʙʣʠʮʘʭ 3.8, 3.9 ʚ ʩʪʦʣʙʮʝ ͼὢάὥὼὣͼ  ʧʨʠʚʝʜʝʥʳ ʵʪʘʣʦʥʥʳʝ (ʠʜʝʘʣʴʥʳʝ) 

ʥʦʤʝʨʘ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʧʠʢʦʚ ɸʂʌ ʎʇ ʩʣʦʪʘ, ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʛʨʘʥʠʮʘʤ OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE, ʪ.ʝ.137 ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʢʘʜʨʘ, ʟʘʥʠʤʘʶʱʝʡ 

ʜʠʘʧʘʟʦʥ 1,08 ʄɻʮ  ʩ ʧʝʨʠʦʜʦʤ ʜʠʩʢʨʝʪʠʟʘʮʠʠ Ὕ πȟυς̍̋̒ [53]; ʚ ʩʪʦʣʙʮʘʭ   

ͼὢάὥὼὣ̱˗ lx ȟ̃Ὀω Ὂὶωͼ ï ʥʦʤʝʨʘ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʧʠʢʦʚ ɸʂʌ ʎʇ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ Ὀω ὦὭὸȟὤὅωȟὊὶωȟὤὅω Ὀω ὦὭὸȟὊὶω Ὀω ὦὭὸ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; ʚ ʩʪʦʣʙʮʘʭ ʪʠʧʘ ͼάὥὼὣὢͼ ï ʟʥʘʯʝʥʠʷ 

ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ, ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ 

ʩʠʤʚʦʣʦʚ. 

 

ʊʘʙʣʠʮʘ 3.8 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ 

ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ Ὂὶωȟὤὅω ʠ Ὀω ὦὭὸ  
X(maxY)  
ʵʪʘʣʦʥ 

ὢάὥὼὣ 
ˍ˗ lx ,̃ Ὂὶω 

άὥὼὣὢ  

ˍ˗ lx ȟ̃Ὂὶω 
ὢάὥὼὣ 
ˍ˗ lx ȟ̃ὤὅω 

άὥὼὣὢ  

ˍ˗ lx ȟ̃ὤὅω 
ὢάὥὼὣ 
ˍ˗ lx ȟ̃Ὀω 

     άὥὼὣὢ  
ˍ˗ lx ȟ̃Ὀω 

137 138 0,1778 138 0,1678 118 0,1018 

274 272 0,1558 272 0,1458 157 0,1012 

411 412 0,1912 412 0,1827 328 0,0094 

548 547 0,1912 547 0,1827 632 0,0094 

685 687 0,1558 687 0,1458 803 0,1012 

822 821 0,1778 821 0,1678 842 0,1018 

 

ʊʘʙʣʠʮʘ 3.9 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ 

ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ Ὀω ὊὶωȟὈω ὤὅω ʠ Ὀω 
X(maxY)  
ʵʪʘʣʦʥ 

ὢάὥὼὣ 
ˍ˗ lx ȟ̃ 
Ὀω Ὂὶω 

άὥὼὣὢ  

ˍ˗ lx˜ ̂

Ὀω Ὂὶω 

ὢάὥὼὣ 
ˍ˗ lx˜ ̂

Ὀω ὤὅω 

άὥὼὣὢ  

ˍ˗ lx˜ ̂

Ὀω ὤὅω 

ὢάὥὼὣ 
ˍ˗ lx ȟ̃ 
Ὀω ὦὭὸ 

άὥὼὣὢ  

ˍ˗ lx ȟ̃ 
Ὀω ὦὭὸ 

137 138 0,1545 138 0,1392 118 0,1018 

274 272 0,1389 274 0,1266 157 0,1012 

411 412 0,1799 412 0,1539 328 0,0094 

548 547 0,1799 547 0,1539 632 0,0094 



128 

 

  ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.9 

X(maxY)  
ʵʪʘʣʦʥ 

ὢάὥὼὣ 
ˍ˗ lx ȟ̃ 
Ὀω Ὂὶω 

άὥὼὣὢ  

ˍ˗ lx˜ ̂

Ὀω Ὂὶω 

ὢάὥὼὣ 
ˍ˗ lx˜ ̂

Ὀω ὤὅω 

άὥὼὣὢ  

ˍ˗ lx˜ ̂

Ὀω ὤὅω 

ὢάὥὼὣ 
ˍ˗ lx ȟ̃ 
Ὀω ὦὭὸ 

άὥὼὣὢ  

ˍ˗ lx ȟ̃ 
Ὀω ὦὭὸ 

685 687 0,1389 685 0,1266 803 0,1012 

822 821 0,1545 821 0,1392 842 0,1018 

 

ʀʟ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 3.8, 3.9 ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ 

ʩʪʘʥʜʘʨʪʘ LTE ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʩʣʦʪʘ ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ɻʘʫʩʩʦʚʩʢʦʛʦ ʢʘʥʘʣʘ ʩ ̨˞˥ ρπ̅ ˎɀυπ̅ˎ ʜʣʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ, 

ʟʘʧʦʣʥʷʝʤʳʭ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʣʠʙʦ ʩʫʤʤʦʡ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ, 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʤʠ φτὗὃὓ, ʚ ʧʨʝʜʝʣʘʭ ὰ ὰ ς ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʘ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (3.19), ʚʝʣʠʯʠʥʝ Ὠ† ρȟπτ ̍̋̒ ʠ 

ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʪʦʯʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʇʨʠ ʵʪʦʤ ʚ 

ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʩʣʦʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ὰ ὰ ρωȣ υσ ʚʨʝʤʝʥʥʳʭ 

ʦʪʩʯʸʪʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ Ὠὰ ὥὦίὝϽὰ ὰ ωȟωȣςχȟφ ̍̋ ̒ ʠʣʠ 

ʚ ʩʨʝʜʥʝʤ ï Ὠὰ ρυȟψ ̍̋̒ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ. 

ɺ ʪʘʙʣʠʮʘʭ 3.8, 3.9 ʜʣʷ ʩʪʦʣʙʮʘ ͼὢάὥὼὣ̱˗ lx ȟ̃Ὀω ὦὭὸͼ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʪʝ 

ʧʦʣʦʞʝʥʠʷ ʩʤʝʞʥʳʭ ʧʠʢʦʚ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ὨὝ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʩʣʦʚʠʶ Ὕ  Ὕ  ὨὝ    ςὝ Ὕ Ὕ Ȣ 

ɼʘʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʧʨʠ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʧʦʩʪʨʦʝʥʠʷ OFDM ʩʠʤʚʦʣʦʚ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʩʢʣʶʯʝʥʠʝ ʜʦ ʧʦʣʦʚʠʥʳ ʧʠʢʦʚ ɸʂʌ ʎʇ ʩʣʦʪʘ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʨʠʸʤ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʢʘʜʨʦʚ ʜʣʷ ʫʩʨʝʜʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ɸʂʌ ʎʇ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʧʨʠ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ.  
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ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʚ ʚʘʨʠʘʥʪʘʭ 

ʧʨʠʤʝʥʝʥʠʷ ʙʘʟʦʚʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ, ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ  

ʠ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʪʦʪʠʧʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ὑ ρυȾρφȟὑ φσȾφτ. ʈʝʟʫʣʴʪʘʪʳ 

ʦʮʝʥʦʢ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.2 ï 3.5 ʧʦʜʨʘʟʜʝʣʘ 3.5.3. ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

ï  ʪʦʯʥʦʩʪʴ "ʧʦʧʘʜʘʥʠʷ" ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʚ ʠʜʝʘʣʴʥʦʝ ʚʨʝʤʝʥʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ LTE DL ʢʘʜʨʘ ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ  ςȟσ), ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʙʘʟʦʚʳʤ ʚʘʨʠʘʥʪʦʤ  ςπ ʠ ʧʨʦʪʦʪʠʧʦʤ ς ɀ ςπ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ;  

ï  ʚ ʩʣʫʯʘʝ ʆʉʐ=0ʜɹ ʜʣʷ ʚʘʨʠʘʥʪʘ ʧʨʦʪʦʪʠʧʘ ʩ ὑ ρυ ʥʝʦʙʭʦʜʠʤʦ 

ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʘ ʚ ~ (2 ï 4) ʨʘʟʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʦʩʪʠ, 

ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʪʦʪʠʧʘ ʠ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʤʚʦʣʦʚ; 

ï ʧʨʠ ὑ φσ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ 

ʜʣʷ ʚʘʨʠʘʥʪʘ ʧʨʠʤʝʥʝʥʠʷ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʙʣʠʞʘʶʪʩʷ ʩ ʚʘʨʠʘʥʪʘʤʠ 

ʧʨʠʤʝʥʝʥʠʷ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ, ʥʦ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ Ὂὶ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʤʝʥʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ 

ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ. 

 

 

 

3.6 ɺʳʚʦʜʳ ʧʦ 3 ʨʘʟʜʝʣʫ 

 

 

 

1 ʇʨʝʜʩʪʘʚʣʝʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ 

ʛʨʘʥʠʮʘʤ ʩʠʤʚʦʣʦʚ OFDM, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʙʘʟʦʚʦʛʦ ʠ ʚʘʨʠʘʥʪʘ ʧʨʦʪʦʪʠʧʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʟʘʧʦʣʥʝʥʠ ̫ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ 
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ʩʝʪʢʠ ʢʘʜʨʘ LTE DL ʤʥʦʛʦʬʘʟʥʳʤʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ (ὤὅȟὊὶ  ʙʝʟ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ "ʦʢʥʘ" ʧʨʠʝʤʘ ʢʘʜʨʘ, ʣʠʙʦ ʩʫʤʤʦʡ 

ʤʥʦʛʦʬʘʟʥʳʭ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʢʦʥʮʦʚ 

ʩʠʤʚʦʣʦʚ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ "ʦʢʥʘ" ʧʨʠʝʤʘ ʢʘʜʨʘ 

LTE DL. 

2 ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʦʙʱʸʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʚʢʣʶʯʘʶʱʠʡ:  

- 2 ʩʧʦʩʦʙʘ ʟʘʧʦʣʥʝʥʠ ̫ʠʥʪʝʨʚʘʣʦʚ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ OFDM; 

- ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʷʪʦʛʦ "ʦʢʥʘ" ʢʘʜʨʘ LTE DL ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʘʨʠʘʥʪʦʚ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʨʘʥʝʝ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʤ ʩ ɹʉ. 

3 ɼʣʷ ʠʜʝʘʣʴʥʦʛʦ ʠ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘʭ ʩ ˛˞˥ π̅ȟˎρπ̅ȟˎυπ̅ˎ ʜʣʷ 

ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʦʪ ὑ χ ʜʦ ὑ φσ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ὓȟὤὅȟὊὶ 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ:  

- ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ὓὊ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ὓȟὤὅȟὊὶ (ʧʦʜʨʘʟʜʝʣʳ 3.3.1, 3.5.1); 

- ʧʠʢ-ʬʘʢʪʦʨʘ ʚ ʚʘʨʠʘʥʪʝ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʜʣʠʥʦʡ ὑ ω 

ʵʣʝʤʝʥʪʦʚ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʠʭ ʩʫʤʤr ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʜʘʥʥʳʤʠ; 

- ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ὓρὝ   ʧʦ ʛʨʘʥʠʮʘʤ 

ʩʠʤʚʦʣʦʚ OFDM ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

(ʚʘʨʠʘʥʪʘʤʠ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ὅὃὤὃὅ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠʣʠ ʠʭ 

ʩʫʤʤʦʡ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ (ʧʦʜʨʘʟʜʝʣʳ 3.3.3, 3.5.3)) ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ὓρὝ    ʧʨʠ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʧʦʩʪʨʦʝʥʠʷ OFDM ʩʠʤʚʦʣʦʚ, ʣʠʙʦ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʚʘʨʠʘʥʪʝ ʧʨʦʪʦʪʠʧʘ; 

- ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʤʝʱʝʥʠʷ ‐ ʜʣʷ ʚʘʨʠʘʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ 

ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ὤὅ ʧʦ ʩʨʘʚʥʝʥʠʶ ʚʝʣʠʯʠʥʦʡ ‐ ʜʣʷ 

ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ (ʧʦʜʨʘʟʜʝʣʳ 3.3.4, 3.5.4); 

- ʜʨʦʙʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʥʝʩʫʱʠʭ ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ Ў• ʩ ʧʨʦʬʠʣʷʤʠ ʟʘʜʝʨʞʝʢ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ETU, EVA, EPA ʜʣʷ 

ʚʘʨʠʘʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ὤὅ ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʚʝʣʠʯʠʥʦʡ Ў• ʜʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ 

(ʧʦʜʨʘʟʜʝʣʳ 3.3.5, 3.5.5); 

- ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ OFDM ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ Ὠ†  ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ὓ ȟὤὅȟὊὶ (ʧʦʜʨʘʟʜʝʣʳ 

3.3.6, 3.5.6). 

4 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʠʚʘʥʠʷ ʚʳʠʛʨʳʰ ʚʦ ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ 

ʛʨʘʥʠʮʘʤ OFDM ʩʠʤʚʦʣʦʚ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ὤὅȟὊὶ ʠʣʠ ʠʭ ʩʫʤʤʦʡ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ 

ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ρȟρȣσȟπ ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʚʘʨʠʘʥʪʦʤ 

ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʎʇ ʠ ʚ ρȟπυȣρȟυ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʪʦʪʠʧʘ ὓ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʘ ʩʚʷʟʠ 

ʠ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ.  

5 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʠʚʘʥʠʷ, ὖὃὖὙ ʩʠʤʚʦʣʦʚ "ʦʢʥʘ" ʧʨʠʸʤʘ ʚ 

ɻʘʫʩʩʦʚʩʢʦʤ ʢʘʥʘʣʝ, ʙʣʠʟʢʦʤ ʢ ʠʜʝʘʣʴʥʦʤʫ, ʚ ʚʘʨʠʘʥʪʝ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ 

ʩʠʤʚʦʣʦʚ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʩ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ὑ ω ʠʣʠ ʠʭ 

ʩʫʤʤʦʡ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ὖὃὖὙ ʚ 

ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ὗὖὛὑ ʤʦʜʫʣʷʮʠʠ ï ʥʝ 

ʙʦʣʝʝ, ʯʝʤ ʥʘ φϷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ.  

6 ʋʤʝʥʴʰʝʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʨʝʩʫʨʩʘʤʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʩʫʤʤʦʡ 

ʵʣʝʤʝʥʪʦʚ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ ʩ ὅὃὤὃὅ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ ï 

ʥʝ ʙʦʣʝʝ 0,5é0,8 ʜɹ ʜʣʷ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ὑ ωȣρυȢ 

7 ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ "ʦʢʥʘ" ʧʨʠʸʤʘ ʢʘʜʨʘ LTE 

DL ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ  ςȟσ), ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʚʘʨʠʘʥʪʦʤ  ςπ ʠ ʧʨʦʪʦʪʠʧʦʤ 

ς ɀ ςπ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ.  

8 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Ὂὶ ʦʙʣʘʜʘʶʪ ʣʫʯʰʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ. 
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4 ʆɹʆɹʑɽʅʅɸʗ ʄɽʊʆɼʀʂɸ   

ʀ ɸʃɻʆʈʀʊʄʓ ʉʀʅʍʈʆʅʀɿɸʎʀʀ ʉʀɻʅɸʃʆɺ ʉ OFDM ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʈɸɿʈɸɹʆʊɸʅʅʆɻʆ ʄɽʊʆɼɸ ʉʀʅʍʈʆʅʀɿɸʎʀʀ 

 

 

 

4.1 ʆʙʦʙʱʸʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʘʜʨʘ LTE ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ  

 

 

 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʧʦʜʨʘʟʜʝʣʘʭ 3.1, 3.2 ʤʝʪʦʜʘ ʠ ʘʣʛʦʨʠʪʤʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL ʧʦ ʛʨʘʥʠʮʘʤ OFDM ʨʘʟʨʘʙʦʪʘʥʘ 

ʦʙʦʙʱʸʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʚʢʣʶʯʘʶʱʘʷ 

ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ LTE DL ʧʫʪʝʤ ʟʘʧʦʣʥʝʥʠʷ ʩʠʤʚʦʣʦʚ, 

ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ɹʉ, ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʣʠʙʦ 

ʠʭ ʩʫʤʤʦʡ ʩ ʜʚʦʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʠʥʪʝʨʚʘʣʦʚ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ; 

- ʦʙʨʘʙʦʪʢʘ "ʦʢʥʘ" ʧʨʠʸʤʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʧʦʣʫʢʘʜʨʘ LTE DL ʠʣʠ 

"ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ" ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʢʘʜʨʘ, ʧʨʦʰʝʜʰʝʛʦ ʈʵʣʝʝʚʩʢʠʡ ʢʘʥʘʣ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ɸɹɻʐ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʙʦʙʱʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ LTE DL, 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʦʪ ɹʉ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.1. ɺ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʨʠʩʫʥʢʘ 4.1 ʜʦ ʢʨʘʩʥʦʡ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʫʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʨʘ LTE DL ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʚ ʈʵʣʝʝʚʩʢʠʡ ʢʘʥʘʣ ʩʚʷʟʠ. ɺʳʙʦʨ ʜʣʠʥʳ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ 

ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤʦʤ ʨʘʙʦʪʳ ɹʉ. ɼʣʷ 

ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʩ "ʙʳʩʪʨʳʤʠ" ʟʘʤʠʨʘʥʠʷʤʠ ʧʨʠ ˛˞ ˥  ρπ̅ˎ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ɹʉ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʘʨʝʘʣʝ  ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ [88, 

89], ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʩ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 

ʵʣʝʤʝʥʪʦʚ ὑ ωȟρυȟρφȢ  
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ʈʠʩʫʥʦʢ 4.1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʙʦʙʱʸʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩʠʤʚʦʣʴʥʦʡ  

ʠ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ 4.1 ʥʠʞʝ ʢʨʘʩʥʦʡ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʦʜʫʣʠ ʦʙʨʘʙʦʪʢʠ "ʦʢʥʘ" ʧʨʠʸʤʘ: 

1) ʜʣʷ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʨʦʟʦʚʳʡ ʮʚʝʪ ʤʦʜʫʣʝʡ): 

ï ʧʨʦʮʝʩʩʘ ʫʩʨʝʜʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʠʥʪʝʨʚʘʣʘ "ʦʢʥʘ" ʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʣʦʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ; ʝʩʣʠ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʧʨʝʚʳʰʝʥʠʷ ʧʦʨʦʛʘ ʧʠʢʘʤʠ ɸʂʌ ʎʇ ï ʧʝʨʝʭʦʜ ʢ 

ʫʩʨʝʜʥʝʥʠ ʁ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʧʦʣʦʞʝʥʠʶ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ, 

ʚʳʯʠʩʣʷʝʤʦʡ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʪʘ; 

ï ʧʨʦʚʝʨʢʘ ʪʦʯʥʦʩʪʠ "ʧʦʧʘʜʘʥʠʷ" ʧʠʢʦʚ ɸʂʌ ʎʇ ʚ ʛʨʘʥʠʮʳ 

ʩʠʤʚʦʣʦʚ;  

ï ʧʦʠʩʢ ʧʠʢʘ ɺʂʌ PSS, ʧʨʝʦʜʦʣʝʚʰʝʛʦ ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘʯʘʣʘ ʧʦʣʫʢʘʜʨʘ.  

2) ʧʨʠ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ʟʝʣʝʥʳʡ ʮʚʝʪ ʤʦʜʫʣʝʡ): 

ï ʤʦʜʫʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʩ 

ʧʨʦʚʝʨʢʦʡ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʦ ʧʦʪʝʨʠ "ʦʯʝʨʝʜʠ" ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ; 
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ï ʤʦʜʫʣʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʟʘʧʨʦʩʘ ʧʦʚʪʦʨʥʦʡ 

ʧʝʨʝʜʘʯʠ ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ ʩ ɹʉ.  

ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʦʙʦʙʱʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ 

LTE DL ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʦʧʠʩʘʥʳ ʚ ʧʦʜʨʘʟʜʝʣʘʭ 4.2 ï 4.5 ʚ ʨʘʤʢʘʭ 

ʦʧʠʩʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ.  

 

 

 

4.2 ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʢʦʥʮʘ 

"ʧʫʩʪʳʭ" ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ  

 

 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʢʦʥʮʘ 

"ʧʫʩʪʳʭ" ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʝʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ "ʧʫʩʪʳʭ" ʩʠʤʚʦʣʦʚ 

ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠʣʠ ʠʭ ʩʫʤʤʦʡ ʩ ʜʚʦʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʩʣʫʯʘʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ "ʧʫʩʪʳʭ" RB ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʢʘʜʨʘ LTE DL (ʧʦʜʨʘʟʜʝʣ 3.1, 3.2) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʧʨʘʚʠʣʘʤ ʧʦʩʪʨʦʝʥʠʷ 

ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ LTE ʪʝʭʥʦʣʦʛʠʠ 

(ʧʦʜʨʘʟʜʝʣ 1.4). ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ "ʦʢʥʘ" ʧʨʠʸʤʘ ʢʘʜʨʘ ʚʳʙʠʨʘʝʪʩʷ ʩ ʫʯʝʪʦʤ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʝʛʦ ʜʣʠʥʫ. ɼʣʷ ʪʝʭʥʦʣʦʛʠʠ LTE ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʰʠʨʝʥʠʝ "ʦʢʥʘ" ʧʨʠʸʤʘ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʦʪ  ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ ʜʦ ʦʜʥʦʛʦ 

ʩʣʦʪʘ, ʪ.ʝ. πȢυὝ Ὕ  πȢυὝ χ ϽὝ  (ʧʦʜʨʘʟʜʝʣ 1.6). ʋʚʝʣʠʯʝʥʠʝ 

"ʦʢʥʘ" ʧʨʠʸʤʘ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ LTE ʥʘ ʦʜʠʥ ʩʣʦʪ ʥʝ ʠʟʤʝʥʷʝʪ ʧʨʦʮʝʜʫʨʫ 

ʫʩʨʝʜʥʝʥʠʷ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʚ ʤʝʪʦʜʠʢʝ ʦʙʨʘʙʦʪʢʠ "ʦʢʥʘ" ʧʨʠʸʤʘ ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʜʨʦʤ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

2. ɿʘʧʦʣʥʝʥʠʝ ʢʦʥʮʦʚ "ʧʫʩʪʳʭ" ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ LTE ὑ 

ʵʣʝʤʝʥʪʘʤʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʦʜʫʣʷʮʠʶ ὑ ʚʝʨʭʥʠʭ 

ʧʦʜʥʝʩʫʱʠʭ ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟ ὔ ʧʦʜʥʝʩʫʱʠʭ, ʪ.ʝ. ὔ

ὑ  ὲ  ὔ .  



135 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ 

ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʢʦʥʮʘ "ʧʫʩʪʳʭ" ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ CAZAC 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.2.  

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ὔ ï ʯʠʩʣʦ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦʣʴʟʦʚʘʪʝʣ,̫ 

ὲ ï ʥʦʤʝʨ ʧʦʜʥʝʩʫʱʝʡ, 

ὓ ï ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ, 

ά ï ʥʦʤʝʨ ʩʠʤʚʦʣʘ ʢʘʜʨʘ, 

ЎὪ  ï ʯʘʩʪʦʪʥʳʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʧʦʜʥʝʩʫʱʠʤʠ;  

Ὂ ï ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ; ʧʝʨʠʦʜ ʦʪʩʯʝʪʦʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ Ὕ , 

ὒ ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ OFDM ʩʠʤʚʦʣʘ 
Ў
ȟ 

ὰ  ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʝʪʘ OFDM ʩʠʤʚʦʣʘ, 

ὒ   - ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʢʘʜʨʘ ʠʟ M OFDM ʩʠʤʚʦʣʦʚ; ὒ ὒϽὓ, 

Ὃ ï ʯʠʩʣʦ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʎʇ;Ὃ  ὝȾὝ, 

Ὣ ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʝʪʘ  ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ὑ ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʢʦʥʮʘ ʩʠʤʚʦʣʘ, 

Ὧ  ï ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʢʦʥʮʘ ʩʠʤʚʦʣʘ, 

ὅὤ Ὧ ὧᾀ ï Ὧ  ̊ʵʣʝʤʝʥʪ  ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὤὅȟὊὶ, 

ὄάȟὲ ὦ  ï ʜʚʦʠʯʥʳʝ ʜʘʥʥʳʝ "ʧʫʩʪʳʭ" ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ, 

ὅάȟὲ ὧ  ï ʜʘʥʥʳʝ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ὅᾤὅὖὯȟὲȟὰ ï 3-ʭ ʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ Ὧ ̄ ̏ʵʣʝʤʝʥʪʘ ὅὃὤὃὅ, 

ὛὟὓͅὊὶὥάὲȟὰ ï ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʧʦʜʥʝʩʫʱʠʭ. 

ʆʛʨʘʥʠʯʝʥʠʷ:  

1. ʄʦʜʠʬʠʮʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʩʠʤʚʦʣʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʩʣʫʞʝʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, PSS, SSS ʮʝʥʪʨʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ.  

2. ʅʫʤʝʨʘʮʠʷ ʧʦʜʥʝʩʫʱʠʭ, ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ 

MATLAB: ρ  ὲ  ὔ; ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ OFDM ʢʘʜʨʘ ʥʘ ʧʨʘʢʪʠʢʝ: 

  ὔȾς  ὲ  ὔȾς.  
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ʈʠʩʫʥʦʢ 4.2 ï Cʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ "ʧʫʩʪʳʭ" OFDM ʩʠʤʚʦʣʦʚ 

ʢʘʜʨʘ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚ ʯʘʩʪʦʪʥʦ ï ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, 

ʦʭʚʘʪʳʚʘʶʱʝʡ ʯʠʩʣʦ  ʚʝʨʭʥʠʭ ʧʦʜʥʝʩʫʱʠʭ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ, ʨʘʚʥʦʝ ὑȟ 
ʪ.ʝ.ὔ ὑ ὲ ὔ  
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4.3 ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʢʦʥʮʘ 

ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ ʩʫʤʤʦʡ ʜʚʦʠʯʥʳʭ ʠ CAZAC 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

 

 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʢʦʥʮʘ 

ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ ʩʫʤʤʦʡ ʜʚʦʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ 

CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʇʦʩʪʨʦʝʥʠʝ "ʦʢʥʘ" ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʢʘʜʨʘ OFDM ʩʠʤʚʦʣʦʚ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʧ.1 ʧʦʜʨʘʟʜʝʣʘ 4.2.  

2. ɿʘʧʦʣʥʝʥʠʝ ʢʦʥʮʘ ʩʠʤʚʦʣʦʚ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʚ ʯʘʩʪʦʪʥʦ ï ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʩʫʤʤʦʡ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ  ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ὤὅ ςȟωȟὊὶ ψȟω  ʩ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʮʝʜʫʨʦʡ ʤʦʜʫʣʷʮʠʠ ὑ ʚʝʨʭʥʠʭ ʧʦʜʥʝʩʫʱʠʭ 

ʵʣʝʤʝʥʪʘʤʠ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ. 

Cʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ OFDM ʩʠʤʚʦʣʦʚ ʢʘʜʨʘ ʩʫʤʤʦʡ 

ʜʚʦʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ὅὃὤὃὅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʯʘʩʪʦʪʥʦ-

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʯʠʩʣʦ ʚʝʨʭʥʠʭ ʧʦʜʥʝʩʫʱʠʭ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ 

ʢʘʜʨʘ, ʨʘʚʥʦʝ  ὑȟ̓Ȣ̆Ȣ ὔ ὑ  ὲ  ὔ   ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.3. 

ʆʛʨʘʥʠʯʝʥʠʷ, ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʦʙʦʟʥʘʯʝʥʠʷ ïï ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʜʨʘʟʜʝʣʦʤ 4.2 
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ʈʠʩʫʥʦʢ 4.3 ï Cʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʘ OFDM ʩʠʤʚʦʣʦʚ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʭ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ɹʉ, ʩʫʤʤʦʡ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ ʠ ὅὃὤὃὅ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʯʘʩʪʦʪʥʦ - ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʯʠʩʣʦ  
ʚʝʨʭʥʠʭ ʧʦʜʥʝʩʫʱʠʭ ʨʝʩʫʨʩʥʦʡ ʩʝʪʢʠ ʢʘʜʨʘ, ʨʘʚʥʦʝ ὑȟ ʪ.ʝ.ὔ ὑ ὲ ὔ .
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4.4 ɸʣʛʦʨʠʪʤ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ OFDM ʢʘʢ ʦʮʝʥʦʢ ʚʨʝʤʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʢʘʜʨʘ LTE DL  

 

 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ OFDM ʢʘʢ ʦʮʝʥʦʢ ʚʨʝʤʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʢʘʜʨʘ LTE DL 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʆʮʝʥʢʘ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʥʝʦʙʭʦʜʠʤʘ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ OFDM ʩʠʤʚʦʣʦʚ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʜʣʷ "ʦʢʥʘ" 

ʧʨʠʸʤʘ ʚ ʚʘʨʠʘʥʪʝ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʣʠʙʦ "ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ" ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʧʨʠ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ "ʦʢʥʘ" ʧʨʠʸʤʘ ʚ ʫʩʣʦʚʠʷʭ ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʠ 

ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʚʘʨʠʘʥʪʝ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʘ ʧʨʦʮʝʜʫʨʘ ʫʩʨʝʜʥʝʥʠʷ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʚʘʨʠʘʥʪʝ 

ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨʘ ʫʩʨʝʜʥʝʥʠ ̫ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ. 

ʇʨʝʜʣʘʛʘʶʪʩʷ ʜʚʝ ʩʭʝʤʳ ʘʣʛʦʨʠʪʤʦʚ ʫʩʨʝʜʥʝʥʠʷ: 

ï ʘʣʛʦʨʠʪʤ ʫʩʨʝʜʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ "ʦʢʥʘ" ʧʨʠʸʤʘ ʥʘ ʠʥʪʝʨʚʘʣʝ 

ʦʜʥʦʛʦ ʩʣʦʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʫʩʨʝʜʥʝʥʥʦʛʦ ʩʣʦʪʘ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʭ ʘʤʧʣʠʪʫʜ ʠ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ; 

 ï ʘʣʛʦʨʠʪʤ ʫʩʨʝʜʥʝʥʠʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ 

ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʧʫʪʸʤ ʨʘʟʙʠʝʥʠʷ "ʦʢʥʘ" ʧʨʠʸʤʘ ʥʘ ʩʣʦʪʳ, ʚʳʯʠʩʣʝʥʠʝ 

ʮʠʢʣʠʯʝʩʢʠʭ ɸʂʌ ʎʇ ʢʘʞʜʦʛʦ ʩʣʦʪʘ ʠ ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʚʨʝʤʝʥʥʦʤʫ 

ʧʦʣʦʞʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʠʭ ɸʂʌ ʎʇ ʥʘ ʠʥʪʝʨʚʘʣʝ ʦʜʥʦʛʦ 

ʩʣʦʪʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʜʫʨʳ ʫʩʨʝʜʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʚʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ 

ʎʇ ʩʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦʮʝʥʦʢ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ OFDM 

ʩʠʤʚʦʣʦʚ ʩʣʦʪʘ ʚ ʧʦʜʨʘʟʜʝʣʝ 3.3.6.  
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ʇʝʨʚʳʡ ʘʣʛʦʨʠʪʤ ï ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʡ, ʥʦ ʚ ʩʣʫʯʘʝ 

ʈʵʣʝʝʚʩʢʦʛʦ ʢʘʥʘʣʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ "ʙʳʩʪʨʳʭ" ʟʘʤʠʨʘʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʚʳʩʦʢʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʝ ʧʦʣʫʯʠʪʴ ʯʝʪʢʦ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʦ ʚʨʝʤʝʥʥʳʤ ʦʪʩʯʝʪʘʤ ʩʣʦʪʘ. ɺʪʦʨʦʡ ʘʣʛʦʨʠʪʤ ʙʦʣʝʝ 

ʩʣʦʞʥʳʡ ʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ ʧʘʤʷʪʠ ʜʘʥʥʳʭ. ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʢʘʥʘʣʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʦʪʘʭ ʚʦʟʤʦʞʥʳ ʤʝʥʴʰʠʝ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʳʝ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚ ʥʠʭ ʯʝʪʢʠʝ ʧʠʢʠ ɸʂʌ ʎʇ, ʧʨʦʰʝʜʰʠʝ ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ, 

ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳʪʴ ʧʦʪʝʨʷʥʳ ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ ʧʦ ʧʝʨʚʦʤʫ ʘʣʛʦʨʠʪʤʫ. ʕʪʦʪ 

ʩʣʫʯʘʡ ʦʪʨʘʞʝʥ ʚ ʇʨʠʣʦʞʝʥʠʠ ɺ. 

ɼʣʷ ʢʘʜʨʘ ʪʝʭʥʦʣʦʛʠʠ LTE DL ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʫʩʨʝʜʥʝʥʠʝ ʧʦ 

ʧʝʨʚʦʤʫ ʘʣʛʦʨʠʪʤʫ (ʤʘʨʢʝʨ "1" ʥʘ ʨʠʩʫʥʢʝ 4.1). ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʧʠʢʦʚ 

ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ, ʧʨʦʰʝʜʰʠʭ ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʪʦʯʥʦʩʪʠ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʤʠʥʠʤʘʣʴʥʦ ʜʚʫʭ 

ʩʠʤʚʦʣʦʚ OFDM, ʧʨʦʚʝʩʪʠ ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʚʪʦʨʦʤʫ ʘʣʛʦʨʠʪʤʫ (ʤʘʨʢʝʨ "2" ʥʘ 

ʨʠʩʫʥʢʝ 4.1). 

ʕʤʧʠʨʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʘʨʠʘʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʮʦʚ ʩʠʤʚʦʣʦʚ 

ʩʫʤʤʦʡ CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ, ʚ ʩʣʫʯʘʝ ʈʵʣʝʝʚʩʢʦʛʦ 

ʢʘʥʘʣʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ "ʙʳʩʪʨʳʭ" ʟʘʤʠʨʘʥʠʡ ʧʨʠ π̅ˎ˛˞ ˥  ρπ̅ˎ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʪʨʝʪʠʡ ʘʣʛʦʨʠʪʤ (ʤʘʨʢʝʨ "3" ʥʘ ʨʠʩʫʥʢʝ 4.1), 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʧʨʦʚʝʨʢʫ  ʧʨʝʚʳʰʝʥʠʷ ʧʦʨʦʛʘ ʠ ʪʦʯʥʦʩʪʠ ʚʨʝʤʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʜʣʷ ʧʠʢʦʚ ɸʂʌ ʎʇ ʥʘ ʠʥʪʝʨʚʘʣʝ ʢʘʞʜʦʛʦ ʩʣʦʪʘ, ʩʣʝʜʫʶʱʝʛʦ ʦʜʠʥ ʟʘ 

ʜʨʫʛʠʤ ʚ ʠʥʪʝʨʚʘʣʝ "ʦʢʥʘ" ʧʨʠʝʤʘ ʜʦ ʧʦʣʫʯʝʥʠʷ ʧʠʢʦʚ ɸʂʌ ʎʇ ʢʘʢ ʛʨʘʥʠʮ ʥʝ 

ʤʝʥʝʝ ʜʚʫʭ ʩʠʤʚʦʣʦʚ OFDM ʩ ʚʳʧʦʣʥʝʥʠʝʤ  ʫʩʣʦʚʠʡ ʧʨʝʚʳʰʝʥʠʷ ʧʠʢʘʤʠ ʧʦʨʦʛʘ 

ʠ ʪʦʯʥʦʩʪʠ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ.  

ɽʩʣʠ ʥʝ ʙʫʜʫʪ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʧʨʝʚʳʰʝʥʠʷ ʧʦʨʦʛʘ ʠ ʪʦʯʥʦʩʪʠ 

ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʜʣʷ ʧʠʢʦʚ ɸʂʌ ʎʇ ʥʠ ʜʣʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʣʦʪʘ "ʦʢʥʘ" 

ʧʨʠʸʤʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʦʙʨʘʙʦʪʢʫ ʨʘʩʰʠʨʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ "ʦʢʥʘ" ʠ 

ʧʦʚʪʦʨʠʪʴ ʦʧʠʩʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ. ɺ ʩʣʫʯʘʝ ʧʦʚʪʦʨʥʦʡ ʥʝʫʜʘʯʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʣʘʚʥʦ ʩʥʠʞʘʪʴ ʫʨʦʚʝʥʴ ʧʦʨʦʛʘ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʠʢʦʚ ɸʂʌ ʎʇ ʜʦ ʚʳʧʦʣʥʝʥʠʷ 
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ʫʩʣʦʚʠʡ ʪʦʯʥʦʩʪʠ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ (ʧʦʜʨʘʟʜʝʣ 3.1, ʵʪʘʧ 10, ʧʦʜʨʘʟʜʝʣ 

3.2).  

Cʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʫʩʨʝʜʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ "ʦʢʥʘ" ʧʨʠʸʤʘ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʦʜʥʦʛʦ ʩʣʦʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʭ ʘʤʧʣʠʪʫʜ ʠ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.4. 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʫʩʨʝʜʥʝʥʠʝ ʧʠʢʦʚ ɸʂʌ ʎʇ ʩʝʤʠ OFDM 

ʩʠʤʚʦʣʦʚ ʧʦ 11 ʩʣʦʪʘʤ ʧʦʣʫʢʘʜʨʘ LTE DL. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʣʦʪʦʚ "ʦʢʥʘ" 

ʧʨʠʸʤʘ ʜʦ 11 ʩʣʦʪʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʚ ʧʦʜʨʘʟʜʝʣʝ 1.6. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʦʙʦʟʥʘʯʝʥʠʷ: 

Ὀ ï ʯʠʩʣʦ ʩʣʦʪʦʚ ʢʘʜʨʘ ʪʝʭʥʦʣʦʛʠʠ LTE, 

Ὠ ï ʥʦʤʝʨ ʩʣʦʪʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, 

ά  ï ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ ʚ ʩʣʦʪʝ, 

ὅὤὯ=ὧᾀ}  ï Ὧ-ʡ ʵʣʝʤʝʥʪ CAZAC ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ὤὅȟὊὶ, 

ὤὨȟάȟὰ ίǶ ï ʟʘʧʠʩʘʥʥʳʝ ʚ ʧʘʤʷʪʴ ʦʮʝʥʢʠ ʧʨʠʥʷʪʳʭ ʚʨʝʤʝʥʥʳʭ 

ʦʪʩʯʝʪʦʚ ʧʦ ʩʣʦʪʘʤ, 

Ὓάȟὰ ίǶï ʦʮʝʥʢʠ ʧʨʠʥʷʪʳʭ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʥʘ ʠʥʪʝʨʚʘʣʝ "ʦʢʥʘ" 

ʧʨʠʝʤʘ, 

ὌὨȟάȟὰ Ὤ  ï ʚʨʝʤʝʥʥʳʝ ʦʪʩʯʝʪʳ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʘʥʘʣʘ, 

ὛὟὓ π; ï ʩʫʤʤʘ ʤʦʜʫʣʝʡ ʘʤʧʣʠʪʫʜ ʧʠʢʦʚ (a) ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʚ 

ʩʣʦʪʝ,  

ὛὟὓ π ï ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʚ ʨʘʜʠʘʥʘʭ ʦʪ ʧʝʨʚʦʛʦ ʧʠʢʘ 

(a) ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʚ Ὠ-ʦʤ ʩʣʦʪʝ ʢʘʜʨʘ, 

Ὕ  ï ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʢʘʜʨʘ LTE DL. 

ʆʩʪʘʣʴʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʦʙʦʟʥʘʯʝʥʠʷ ï ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʨʘʟʜʝʣʦʤ 

4.2. 

 

 

 

 



 

 

 

ʈʠʩʫʥʦʢ 4.4 ï Cʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʫʩʨʝʜʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ "ʦʢʥʘ" ʧʨʠʝʤʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʦʜʥʦʛʦ ʩʣʦʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʭ ʘʤʧʣʠʪʫʜ ʠ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 
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Cʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʫʩʨʝʜʥʝʥʠʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ 

ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʧʫʪʸʤ ʨʘʟʙʠʝʥʠʷ "ʦʢʥʘ" ʧʨʠʸʤʘ ʥʘ ʩʣʦʪʳ, ʚʳʯʠʩʣʝʥʠʝ 

ʮʠʢʣʠʯʝʩʢʠʭ ɸʂʌ ʎʇ ʢʘʞʜʦʛʦ ʩʣʦʪʘ ʠ ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʚʨʝʤʝʥʥʦʤʫ 

ʧʦʣʦʞʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʠʭ ɸʂʌ ʎʇ ʧʦ ʩʣʦʪʘʤ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.5. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʦʙʦʟʥʘʯʝʥʠʷ: 

- ÍÁØ̱ ˗ˡx̃ Ὠȟάȟὰ  ï ʚʨʝʤʝʥʥʳʝ ʦʪʩʯʝʪʳ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ,   

- ὛὟὓ ρȟρȟᾲ    ï  ʟʥʘʯʝʥʠʝ ʩʫʤʤʳ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ,  

- Ὕ ρȟρȟ†ͺ) ï ʟʥʘʯʝʥʠʝ ʩʫʤʤʳ ʟʘʜʝʨʞʝʢ ʧʠʢʦʚ ɸʂʌ ʎʇ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʧʝʨʚʦʛʦ ʥʘʠʤʝʥʴʰʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. 

ʆʩʪʘʣʴʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʦʙʦʟʥʘʯʝʥʠʷ ï  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʨʘʟʜʝʣʦʤ 

4.2. 



 

 

  

 
 ʈʠʩʫʥʦʢ 4.5 ï Cʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʫʩʨʝʜʥʝʥʠʷ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ɸʂʌ ʎʇ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʧʫʪʝʤ 

ʨʘʟʙʠʝʥʠʷ "ʦʢʥʘ" ʧʨʠʝʤʘ ʥʘ ʩʣʦʪʳ, ʚʳʯʠʩʣʝʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ɸʂʌ ʎʇ ʢʘʞʜʦʛʦ ʩʣʦʪʘ ʠ ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ 

ʚʨʝʤʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʦʚ ʮʠʢʣʠʯʝʩʢʠʭ ɸʂʌ ʎʇ ʧʦ ʩʣʦʪʘʤ
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4.5 ɸʣʛʦʨʠʪʤ ʧʦʣʫʯʝʥʠ ̫ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ OFDM "ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ"  ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʩʣʦʪʘ ʢʘʜʨʘ LTE DL ʧʨʠ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ  

 

 

 

ɺʘʨʠʘʥʪ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʛʨʘʥʠʮ 

OFDM ʩʠʤʚʦʣʦʚ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʧʝʨʘʮʠʠ ʫʩʨʝʜʥʝʥʠʷ. ʎʠʢʣʠʯʝʩʢʘʷ ɸʂʌ 

ʎʇ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʢʘʞʜʦʤ ʧʝʨʝʤʝʱʝʥʠʠ "ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ" ʜʦ ʧʦʣʫʯʝʥʠʷ 

ʧʠʢʦʚ ɸʂʌ ʎʇ, ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʦʣʦʞʝʥʠʶ ʛʨʘʥʠʮ ʩʠʤʚʦʣʦʚ ʩ ʪʦʯʥʦʩʪʴʶ Ñ2 ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʘ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ 

ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʟʚʝʩʪʥʳ ʠʥʜʝʢʩ ɹʉ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ 

ʩʚʷʟʠ, ʪʦ ʚʝʣʠʯʠʥʘ ʧʦʨʦʛʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʨʦʤ ʧʨʠʝʤʥʠʢʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ 

ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ. ʏʠʩʣʦ ʧʝʨʝʤʝʱʝʥʠʡ "ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ" 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ "ʦʯʝʨʝʜʠ" ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ ʚʝʨʭʥʠʭ ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʭ̫ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ [92]. ʇʦʩʣʝ 

ʧʦʪʝʨʠ "ʦʯʝʨʝʜʠ" ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʦʭʦʜʠʪ ʧʨʦʮʝʜʫʨʫ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʘʢ ʚ 

ʚʘʨʠʘʥʪʝ ʧʝʨʚʦʛʦ ʚʢʣʶʯʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 4.6 ʧʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ 

ʛʨʘʥʠʮʘʤ OFDM ʩʠʤʚʦʣʦʚ ʧʨʠ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʀʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʠ ʦʙʦʟʥʘʯʝʥʠʷ ïʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʨʘʟʜʝʣʘʤʠ 4.2, 4.4. 

 ɺ ʇʨʠʣʦʞʝʥʠʠ ɻ ʧʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʨʠʤʝʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʘʜʨʘ LTE DL ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ "ʦʢʥʘ" ʧʨʠʝʤʘ ʚ ʚʘʨʠʘʥʪʝ ʧʝʨʚʦʛʦ 

ʚʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

 

 

 

 



 

 

 

 
ʈʠʩʫʥʦʢ 4.6 ï ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ OFDM ʩʠʤʚʦʣʦʚ 

ʧʨʠ ʩʣʫʯʘʡʥʦʡ ʧʦʪʝʨʝ ʩʠʥʭʨʦʥʠʟʘʮ


















































