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◄fiⱢfi☻♩ה⸗Ᵽ▬ꜟⱩ꜡כ♪Ᵽfi♪⁸ ⱴ◦fi♃▬ⱪה◖Ⱶꜙ♬◔כ◦ꜛfi⁸ ⁸ ─

⅜⁸ 5 ─⸗Ᵽ▬ꜟהⱠ♇♩꞉כ◒( 5G)⌐ ╘╠╣≡™╕∆⁹꞉▬ꜘ꜠☻ ⌐⅔™≡⁸5G

⌐ ↑√ ⅜ ⌐⌂∫≡™╕∆⁹ ↕╣≡™╢ LTE⅔╟┘ LTE-AdvancedⱠ♇♩꞉כ◒─

≤⌂╢ ╛▪◒☿☻ ─ ╩ ╗⁸ ↄ─ / ⅜⁸ ≢ ╦╣≡™╕∆⁹ 

 

▪ⱪꜞ◔כ◦ꜛfiⱡ⁸5│≢♩כG ⌐≈™≡ ⇔⁸ ⅔╟┘ ⁸⅔╟┘ LTE/LTE-

Advanced≢ ↕╣≡™╢ OFDM Orthogonal Frequency Division Multiplexing ≤ ⇔╕∆⁹ 

 
 
 
 
 
 
 
 
 
 
 

 

─♪◐ꜙⱷfi♩⌐≈⅝╕⇔≡│⁸ ⱱכⱶⱭכ☺╩↔ ↄ∞↕™⁹ http://www.rohde-

schwarz.com/appnote/1MA271. 
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1 │∂╘⌐ 
 
 

2010 ⅛╠ LTE/LTE-AdvancedⱠ♇♩꞉כ◒⅜ ⌐ ↕╣⁸ ─

⅛╠☻ⱴכ♩ⱨ◊fi⅔╟┘♃Ⱪ꜠♇♩┼─ ⅜ ⅎ ↑≡™╕∆⁹∕╣⌐ ™⁸⸗

Ᵽ▬ꜟⱩ꜡כ♪Ᵽfi♪─♦כ♃ │⁸ 5 ≢ ⌐ ⇔≡™╕∆⁹Ⱡ♇♩

꞉ה◒כ○Ɑ꜠⁸│♃כ▪◒☿☻ ─ ╛ ⇔™☻Ɑ◒♩ꜟ─ ⌐╟╡◦☻♥ⱶ

─ ⁸∕⇔≡Ⱨכ꜠♃כ♦◒כ♩⅔╟┘ ╩♩כ꜠♃כ♦ ↕∑╢√╘

─ ╩ ∆╢ ⅜№╡╕∆⁹ 

 

Ώ⸗ⱡ─▬fi♃כⱠ♇♩ (IoT)ΐ│⁸Ⱡ♇♩꞉כ◒ ⌐ √⌂ ╩ ⅎ╢≤ ⌐⁸∕

─Ⱡ♇♩꞉כ▪ה◒כ◐♥◒♅ꜗ⅔╟┘♦Ᵽ▬☻╩◘ⱳ⁹╪∑╕╡⌂┌╣↑⌂⇔♩כ

╙─♦Ᵽ▬☻( ⅎ┌⁸ ☿fi◘⁸⅜(כ ⌐ ♃כ♦™⌂ ╩ ⌐ ⌂ⅎ╢

╟℮⌐∆╢√╘⌐│⁸ ─ ╩ / ↕∑╢ ⅜№╡╕∆⁹↕╠⌐⁸

⅜ ⌂▪ⱪꜞ◔כ◦ꜛfi╛ ╛ ⌐ ™ ꜞfi◒│⁸ ⌐ ╡ ⅝⌂

≤ ⅎ╠╣≡™╕∆⁹ 

⸗Ᵽ▬ꜟ◕כⱶ⁸꜡Ⱳ♇♩─ ⁸ ╛ ⌂≥─▪ⱪꜞ◔כ◦ꜛfi╩◘ⱳ

╢∆♩כ ꜞfi◒╩ ⇔√◖fi♩꜡כꜟ─◘ⱳ⁸⅜♩כ↓─◌♥◗ꜞ⌐ ↕╣

╕∆⁹↓╣╠─▪ⱪꜞ◔כ◦ꜛfi≢│⁸1 ms ─ꜝ►fi♪ ♩ꜞ♇ⱪ♃▬ⱶ RTT

⅜ ⌐⌂╡╕∆⁹∕↓≢ 3≈─♩꜠fi♪(◄fiⱢfi☻♩ה⸗Ᵽ▬ꜟⱩ꜡כ♪Ᵽfi

♪⁸ ⱴ◦fi♃▬ⱪה◖Ⱶꜙ♬◔כ◦ꜛfi⁸ ⅛≈ )⅜⁸ 5

⸗Ᵽ▬ꜟה◖Ⱶꜙ♬◔כ◦ꜛfi ( 5G)≢◘ⱳכ♩↕╣╢═⅝ ≤⇔≡№→╠╣≡™

╕∆⁹5G│⁸ ↕╣≡™╢ LTE⅔╟┘ LTE-Advanced╩ ≤⇔≡⁸ ↄ─

╛▪◒☿☻ ─ ⅔╟┘ ⅜ ≢ ╦╣≡™╕∆⁹ 

 
 

▪ⱪꜞ◔כ◦ꜛfiⱡ⁸5│≢♩כG─ ─ ≤ ⁸∕⇔≡ LTE/LTE-

Advanced≢ ↕╣≡™╢  (OFDM)≤─ ⌐≈™≡ ═╕∆⁹2

≢│⁸LTE ⌐ ↕╣√ OFDM─ ⁸ ≤⇔≡─ OFDM─ ⌂ ⌐≈

™≡ ⇔╕∆⁹∕⇔≡⁸  (PHY)≤ⱷ♦▫▪▪◒☿☻  (MAC) ─√╘─

⌂ ≤●▬♪ꜝ▬fi╩ ⇔╕∆⁹4 ≢│⁸5G─ ⌐≈™≡ ═⁸5

⅜♠ꜟ꞉ꜙ◦ה♦כ꜡│≢ ╩fiꜛ◦כꜙꜞ♁╢∆ ⇔╕∆⁹PHY≤ MAC ─

√╘─ ⌂ ⌐≈™≡ 6 ≢ ⇔╕∆⁹7 │╕≤╘╩ ⇔╕∆⁹ 
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2  
 
 

▪ⱪꜞ◔כ◦ꜛfiⱡ⁸│≢♩כ 

ē ⱬ◒♩ꜟהꜟ♫◓◦ה☺▼Ⱡ꜠כ♃ R&S®SMW200A╩ SMW  

ē ◦◓♫ꜟה☻Ɑ◒♩ꜝⱶה▪♫ꜝ▬◙ R&S®FSW╩ FSW 

⇔╕∆⁹ 
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3 OFDM─ ⅜ ⅛  
 
 

3.1 ⌂−▪◒☿☻ ≤⇔≡ OFDM⅜ ↕╣≡™╢⅛ 
 

OFDM ─ ⅜ ⌂ ⌐⌂╢─⅛≤™℮ ⌐ ⅎ╢

⌐⁸ ⌐ⱴꜟ♅◐ꜗꜞ▪ ⅜ ┌╣╢ ⌐≈™≡ ⇔⌂↑╣┌⌂╡╕∑

╪⁹ⱴꜟ♅◐ꜗꜞ▪ │⁸ ⌂♅ꜗⱠꜟ ╩⁸◘Ⱪ◐ꜗꜞ▪≤ ┌╣

╢™ↄ≈⅛─ ─◘Ⱪ♅ꜗⱠꜟ⌐ כ◙כꜚ⁸≡∫⅜√⇔⁹∆╕⇔ ─ │⁸

⅔╟┘ ─ ≢ ≤⌂╡╕∆⁹ ⌐│⁸↓╣╠─◘Ⱪ◐ꜗꜞ

▪─ Ⱥf│⁸◘Ⱪ◐ꜗꜞ▪ ─ ≢ ♅ꜗⱠꜟ≤⌂╠⌂™╟℮⌐

↕╣╕∆⁹∕⇔≡⁸↓╣╠─◘Ⱪ◐ꜗꜞ▪│⁸∕╣∙╣─ ⌐⅔™≡ⱨꜝ♇♩⌂

◕▬fi≤⌂╡⁸↓─↓≤⌐╟╡ ≢ ⌐ ─ ╩ ∆╢↓≤⅜≢⅝╢

╟℮⌐⌂╡╕∆⁹OFDM─ ⁸◘Ⱪ◐ꜗꜞ▪│⁸ȺὪ=1/ὝὛώάὦέὰ≢ ↕╣⁸◒꜡☻♩

⅜◒כ ⌐⌂╢╟℮⌐ ╩╙√∑╕∆⁹ 

 
 

 

 3-1 OFDM⌐⅔↑╢  

3-2│⁸OFDM ─ Ⱪ꜡♇◒ ╩ ⁸│♃כ♦ꜟ♃☺♦⁹∆╕™≡⇔ ⌐

∂≡⁸QPSK⁸16QAM⁸64QAM⁸256QAM⌂≥─ ◦fiⱲꜟ⌐ⱴ♇Ⱨfi◓↕╣╕

ꜟ꜠ꜝⱤהꜟ▪ꜞ◦⁹∆ ⱶ╩⁸כꜞ♩☻♃כ♦⁸│ ⌂╢◘Ⱪ◐ꜗꜞ▪ f0, f1, 

f2, ⌐ ∆╢ N☻♩ꜞכⱶ⌐ ⇔╕∆⁹ ◐ꜗꜞ▪ DC │♀꜡⌐ ↕╣╕

∆⁹ ⱨכꜞ◄ IFFT ⌐╟∫≡⁸ ⅛╠ ⌐ ∆╢↓≤⅜≢⅝

╕∆⁹↓─≤⅝ ─ ◄♇☺⌐⅔™≡⁸ ▪ꜞꜗ◐Ⱪ◘ה꜡♀™⌂™≡╣↕

╩ ⇔╕∆⁹ ♅ꜗⱠꜟ ≢─ⱴꜟ♅Ɽ☻ ⌐╟∫≡ ⅝ ↓↕╣╢

ISI ⌐ ∆╢꜡Ᵽ☻♩ ╩ ╘╢√╘⌐⁸◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻ CP ╩

⇔⁸↓╣⌐╟╡◦fiⱲꜟ ⅜↕╠⌐ ↄ⌂╡╕∆⁹CP│⁸ ⌐⅔↑╢◦fiⱲꜟ

─ ◘fiⱪꜟ╩◦fiⱲꜟ ⌐◖Ⱨכ⇔≡ ⇔√╙─≢∆⁹ 
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 3-2 OFDM  

LTE♄►fiꜞfi◒⅔╟┘▪♇ⱪꜞfi◒⌐ ↕╣≡™╢⁸OFDMA⅔╟┘ SC-FDMA⌂

≥─⁸OFDMⱬכ☻─▪◒☿☻ ─ ╩ ⌐ ⇔╕∆⁹ 

 

ē ☻Ɑ◒♩ꜟ   

☻Ɑ◒♩ꜟ ≤│⁸ ⌂☻Ɑ◒♩ꜝⱶ╩⁸≢⅝╢∞↑ ⌐ ∆╢↓

≤╩ ⇔≡™╕∆⁹OFDM│⁸ⱴꜟ♅◐ꜗꜞ▪ ─ ≢╙⁸ ≢☻כ◔⌂

∆⁹☻Ɑ◒♩ꜝⱶ╩ ╩♪Ᵽfi♪כ●⌐ ⇔≡ ∆╢⅛╦╡⌐◐ꜗꜞ▪⅜

╩ⱪ∆╢╟℮⌐☻Ɑ◒♩ꜝⱶ♇ꜝכⱣכ○≈⅛⇔ ⇔√╙─≢∆⁹↓╣╠─◐

ⱪ⇔≡™╕∆⅜⁸sin♇ꜝכⱣכ○│▪ꜞꜗ x /x ⌐ ≠ↄⱤꜟ☻◦▼כⱧfi

◓─ ─√╘⌐ ⇔[ 3-1 ]⁸☻Ɑ◒♩ꜝⱶ╩ ⌐ ⌐ ⇔╕∆⁹ 

 

ē ⱴꜟ♅Ɽ☻ ⌐ ∆╢꜡Ᵽ☻♩ ≤ ≢│⌂™  

╩♩כ꜠♃כ♦ ↕∑╢↓≤⌂ↄ◦fiⱲꜟ ╩ ↄ ╢↓≤⅜≢⅝⁸↕╠⌐◘▬

◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻ ∆╢↓≤≢⁸ ♅ꜗⱠꜟ─ⱴꜟ♅Ɽ☻ ⌐╟╢

⌂◦fiⱲꜟ ISI ╩ ⇔⁸⅛≈ ⌐ ≢№∫√ ≢─▬◖

ꜝ▬◙╩ 1♃♇ⱪה▬◖ꜝ▬◙≢ ∆╢↓≤╩ ⌐⇔╕∆⁹ 

 

ē ─ꜚכꜙ☺◔☻כ◙כꜞfi◓─ ⁹ 

⌐כ◙כꜚ─₁ 1≈╕√│ Ⱪ꜡♇◒1☻כ♁ꜞ─ RB ╩ ╡ ≡╢↓≤⌐

╟╡⁸ ⌐⅔↑╢ ─כ◙כꜚ─ ─╖⌂╠∏⁸1Ⱶꜞ ─ ↕╣

√ TTI ⌐ ≠™≡⁸ ╙◓fiꜞכꜙ☺◔☻─☻כ♁ꜞ─

⌐∆╢ ▪◒☿☻ OFDMA ╩ ™╕∆⁹▪♇ⱪꜞfi◒

SC-FDMA ─ ⁸ ≢⁸ ─כ◙כꜚ─₁ ⌂ ╩ ∆╢↓≤⅜

≢∆⁹ ≤⇔≡⁸LTE│♃▬Ⱶfi◓▪♪Ᵽfi☻ TA ─◖fi☿ⱪ♩╩ ™≡™

╕∆⁹ 

 

OFDM⅔╟┘ OFDMA⅔╟┘ SC-FDMA─╟╡ ⌂ ⌐≈⅝╕⇔≡│⁸[1]╩ ⇔

≡ↄ∞↕™⁹ 

                                                      

1 LTE─ ◒♇꜡Ⱪ☻כ♁ꜞ⁸│ RB ≤⇔≡ ↕╣≡™╕∆⁹1 RB│ 12 ─◘Ⱪ◐ꜗꜞ▪⌐╕

√⅜╡⁸180kHz─ ⌐ ⇔≡™╕∆⁹20 MHz♅ꜗⱠꜟ │ 100RB⌐ ⇔≡™╕∆⁹ 

 

◦fiⱲꜟ

QPSK⁸

16QAM⁸...  ◦ꜞ▪ꜟ

Ɽꜝ꜠ꜟ 

 

IFFT 
Ɽꜝ꜠ꜟ

◦ꜞ▪ꜟ 

 

CP  
OFDM☻

Ɑ◒♩ꜝⱶ

─  

DAC┼ 
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3.2 LTE/LTE-Advanced⌐⅔↑╢ OFDM─ Ɽꜝⱷכ

♃ 
 

[2]⌐╟╣┌⁸OFDMⱬכ☻─☿ꜟꜝ◦☻♥ⱶ─ ⌂ │⁸ ↕╣╢ ☻

ⱪ꜠♇♪⁸ ♪♇ⱪꜝכ ⁹∆╕™≡∫⌂≥☼▬◘─ꜟ☿♩♇◕כ♃┘╟⅔

☻ⱪ꜠♇♪⅔╟┘♪♇ⱪꜝכ ⌐╟∫≡ ↕╣╢ ⅔╟┘⸗ⱦꜞ♥▫─

│⁸◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻ ⅔╟┘◘Ⱪ◐ꜗꜞ▪ ─ ⌐ ⇔╕∆⁹

─ ⌂ ╩ ⇔╕∆  

 
 

Ὕὅὖ  ֓ὝὨ ISI ╩ ∆╢√╘ (1) 

 

ὪὨάὥὼ 
֘ 1 ♪♇ⱪꜝכ ⌐╟╢◐ꜗꜞ▪ ICI ╩ ↄ ⅎ╢√╘ (2) 

ȺὪ 
 

ὝὅὖȺὪ ֘ 1 ☻Ɑ◒♩ꜟ ─√╘ (3) 

 
 
 

◘Ⱪ◐ꜗꜞ▪ ⅔╟┘ OFDM◦fiⱲꜟ  

LTE/LTE-Advanced─ ⁸◘Ⱪ◐ꜗꜞ▪ Ⱥ= 7.5 kHz⅔╟┘Ⱥ= 15 kHz⅜ ↕

╣╕∆⁹⇔⅛⇔⌂⅜╠ ╕≢─≤↓╤⁸ ─ LTE─ ≢│⁸Ⱥ= 15 kHz─◘Ⱪ◐

ꜗꜞ▪ ─╖⅜ ↕╣≡™╕⇔√⁹◘Ⱪ◐ꜗꜞ▪ │⁸◦fiⱲꜟ ⌐ ∆╢

─≢⁸◦fiⱲꜟ │ὝὛώάὦέὰ = 66.7 ɡs≢ ⅎ╠╣╕∆⁹LTE♄►fiꜞfi◒≤▪♇ⱪꜞfi

◒≢│⁸ ∂◘Ⱪ◐ꜗꜞ▪ ⅔╟┘◦fiⱲꜟ ⅜ ↕╣╕∆⁹ 

 

◘fiⱪꜞfi◓  

◘ⱳכ♩ 20 MHz╩ 2048─◘▬☼─ ⱨכꜞ◄ FFT IFFT

⌐╟╡⁸ ♪ⱷ▬fi⅛╠ ♪ⱷ▬fi┼⁸╕√│∕─ ┼⁸ ◘Ⱪ◐ꜗꜞ▪╩

⇔╕∆⁹◘Ⱪ◐ꜗꜞ▪ ⅜ 15 kHz─ ⁸◘fiⱪꜞfi◓ ὪὛὥάὴὰὭὲὫ = 30.72 

MHz2≤⌂╡⁸◘fiⱪꜞfi◓ ὝὛὥάὴὰὭὲὫ = 32.55 ns⌐ ⇔╕∆⁹LTE─◘fiⱪꜞfi◓

│⁸WCDMA♅♇ⱪ꜠כ♩ 3.48Mcps ─ 8 ⁸CDMA®2000 1xRTT─♅♇ⱪ

─♩כ꜠ 25 ≢∆⁹ ─◒꜡♇◒ ⌐╟╢◒꜡♇◒ ╩ ⌐∆╢↓≤⌐╟∫

≡⁸ⱴꜟ♅⸗כ♪ ─ ╩ ≢⅝╕∆⁹↕╠⌐ 2─═⅝ FFT IFFT ◘▬☼

≤⌂╢↓≤╩ ⌐⁸15 kHz─◘Ⱪ◐ꜗꜞ▪ ⅜ ┌╣╕⇔√⁹ 

 

◘Ⱪⱨ꜠כⱶ ⁸OFDM◦fiⱲꜟ─  

UMTS/WCDMA┼─ ─√╘⌐⁸LTE⌐⅔↑╢ ⱨ꜠כⱶ │⁸10ms≢ ↕

╣≡™╕∆⁹ ⱨ꜠כⱶ│⁸10 ─◘Ⱪⱨ꜠כⱶ≢ ↕╣≡™╢─≢⁸∕╣∙╣ 1

Ⱶꜞ ─ ↕╩ ∟╕∆⁹1≈─◘Ⱪⱨ꜠כⱶ│⁸ ↕╣√ TTI ⌐

⇔≡™╕∆⁹◘fiⱪꜞfi◓ ⅜ 30.72 MHz─ ⁸1◘Ⱪⱨ꜠כⱶ⌐│ 30720─

◘fiⱪꜟ⅜ ╕╣≡™╕∆⁹◘Ⱪⱨ꜠כⱶ│⁸↕╠⌐ 2≈─♃▬ⱶ☻꜡♇♩⁸∕╣∙╣

0.5Ⱶꜞ ╕√│ 15360─◘fiⱪꜟ⌐ ↕╣╕∆⁹OFDM◦fiⱲꜟ│⁸2048─◘fiⱪ

                                                      

2 fsampling = 15 kHz * 2048 = 30.72 MHz 
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ꜟ⌐╟∫≡ ↕╣⁸7─ OFDM◦fiⱲꜟ⅜ 1≈─♃▬ⱶ☻꜡♇♩⌐ ↕╣╢─≢⁸

1024─◘fiⱪꜟ⅜ ╡╕∆3⁹ 

 

◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻ 

↓╣╠─ 1024─◘fiⱪꜟ│⁸7─ OFDM◦fiⱲꜟ⌐ ⇔≡⁸◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇

◒☻ CP ≤⇔≡ ↕╣╕∆⁹♃▬ⱶ☻꜡♇♩ ─ ─ OFDM◦fiⱲꜟ│⁸160

─◘fiⱪꜟ╩◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻≤⇔≡ ⇔⁸ ╡─ 6─ OFDM◦fiⱲꜟ─

∕╣∙╣│⁸∕─◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻ ⌐ 144─◘fiⱪꜟ╩ ∆╢≤™℮↓

≤⅜ ↕╣≡™╕∆⁹32.55ns─◘fiⱪꜞfi◓ ╩ ∆╢≤⁸CP─ │⁸

∕╣∙╣ 5.2ɡs⅔╟┘ 4.7ɡs≤⌂╡╕∆⁹↓╣│⁸₈ⱡכⱴꜟ◘▬◒ꜞ♇◒ⱪ꜠

ⱨ▫♇◒☻₉≤ ┌╣╣╕∆⁹₈ ◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻₉╙ ⌐ ↕

╣⁸∕─ │ ⌂ OFDM◦fiⱲꜟ ⅜ 6⌐ ↕╣╕∆ ◘Ⱪ◐ꜗꜞ▪ ⅜

7.5 kHz─ 3OFDM◦fiⱲꜟ ⁹↓╣╠─ ⁸CP│∕╣∙╣⁸512│≢☻כ◔─≈2

─◘fiⱪꜟ 15 kHz≢│ 16.7ɡs ⅔╟┘ 1024─◘fiⱪꜟ 33.3ɡs ≢∆⁹ 

 

↕╣╢ ☻ⱪ꜠♇♪│⁸ⱴꜟ♅Ɽ☻ ⌐ ⇔≡™╢√╘⌐⁸ ⁸

⅔╟┘ ╕√│ ≢ ⅝ↄ ⇔╕∆⁹[3]⌐⅔™≡│⁸991ns─ r.m.s

☻ⱪ꜠♇♪⅜ ↕╣≡™╕∆⁹⇔⅛⇔⌂⅜╠⁸♅ꜗⱠꜟ─ │⁸ ≢─

☻ⱪ꜠♇♪⅜ 3.7ɡs⌐⌂╢ ⅜№╢↓≤╩ ⇔≡™╕∆⁹ 

 

LTE/LTE-Advanced─ⱡכⱴꜟ◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻│⁸ 1 ≢ ↕╣╢ ISI

╩ ∆╢─⌐ ⇔≡™╕∆⁹ 

 

♪♇ⱪꜝכ ⁸ ☻ⱪ꜠♇♪ 

LTE│↕╕↨╕⌂ ≢ ↕╣≡⅔╡⁸ ≢│⁸700 MHz⅛╠ 2.7⅔╟┘ 3.5 

GHz╕≢─ ≢ ↕╣≡™╕∆4⁹⇔⅛⇔⌂⅜╠⁸ ⱪ꜡☿☻⌐⅔™≡⁸

∆╢ ≡─◦Ⱶꜙ꜠כ◦ꜛfi ≢◐ꜗꜞ▪ Ὢὧ = 2 GHz⅜ ↕╣╕⇔√⁹

♪♇ⱪꜝכ │⁸◦☻♥ⱶ⅜◘ⱳכ♩∆╢◐ꜗꜞ▪ ⅔╟┘ ⌐ ╩

↑╕∆⁹LTE│₈ ₉ HST ─◦♫ꜞ○╩◘ⱳ⁸⇔♩כ∕╣ ⌐⁸

300km/h─ ╩◘ⱳכ♩∆╢↓≤╩ ⇔≡™╕∆⁹♪♇ⱪꜝכ │⁸Ὢ

Ὢ  (c│ ⁸Ὢ υυυ (Ú)≤⇔≡ ↕╣╕∆⁹ 

 

15 kHz─◘Ⱪ◐ꜗꜞ▪ ≢│⁸ ─ 2 ⅜ √↕╣╢√╘⌐⁸

⌐ ∆╢ ICI⌐≈™≡│⁸ ∆╢↓≤⅜≢⅝╕∆⁹ 

 

[2]⌐ ∆╟℮⌐⁸◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻ ≤◘Ⱪ◐ꜗꜞ▪

─ ⅜⁸☻Ɑ◒♩ꜟ ╩ ⇔≡™╕∆⁹ ╩ ↄ ≈√╘⌐⁸ ─

│⁸1╟╡╙│╢⅛⌐ ↕ↄ⌂↑╣┌⌂╡╕∑╪⁹15 kHz─◘Ⱪ◐ꜗꜞ▪ ⅔╟┘

4.7ɡs─ ─◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻─ │ ↕ↄ⁸↓─ ⅜ √↕╣≡™╢

↓≤⅜╦⅛╡╕∆⁹ 

                                                      

3 15360 ◘fiⱪꜟ - 7*2048 = 1024 

 

4 2016 5  
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3.3 OFDM─ ⌂  
 

☿◒◦ꜛfi 3.2⌐ ↕╣≡™╢,∆═≡─◦☻♥ⱶ ╩ √⇔≡™≡╙⁸OFDM

⌐│⁸ 1 ≢ ⇔√∆═≡─▪ⱪꜞ◔כ◦ꜛfi◦♫ꜞ○⌐ ⇔√ ─ ⌐

∆╢√╘⌐│ ─ ⅜№╡╕∆⁹ ─ ⌐╟╡⁸LTE⅔╟┘ LTE-Advanced

│ ╙ ↕╣╢ ≢∆⁹OFDM─ ™ ╩ ∆╢ ─ ⌐╟∫≡⁸

╡╟╩☻ⱦכ◘™⇔ ↄ ≢⅝╢⅛≥℮⅛≤™℮↓≤⅜ ⅎ╠╣⁸ ─ ≢│⁸↓

╣╠─ ⌐≈™≡⁸ ⇔≡™⅝╕∆⁹ 

 
 
 

3.3.1 ◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻─○כⱣכⱫ♇♪ 

CP│⁸◦fiⱲꜟ ⅛╠ ─ ∞↑ ╡ ∫√◖Ⱨכ╩ ⌐ ∆╢↓≤≢

↕╣╕∆ [ 3-2 ◦─☻◒♇▫Ⱬ♇♪│⁸◘▬◒ꜞ♇◒ⱪ꜠ⱨכⱣכ○─↓⁹[

fiⱲꜟ ⅔╟┘ ─   [2]≤⇔≡ ∆↓≤⅜≢⅝╕

∆⁹ 

 

3-1⌐⁸LTE/LTE-Advanced⌐⅔™≡ ↕╣√⁸◘Ⱪ◐ꜗꜞ▪ ♇ⱫכⱣכ○─

♪╩ ⇔╕∆⁹ ↕╣√ ╡⁸CP⅜ ↄ⌂╣┌⌂╢╒≥○כⱣכⱫ♇♪│ ⅎ╕∆⁹

≢│⁸ ─∆═≡─ LTEⱠ♇♩꞉⁸│◒כⱡכⱴꜟ◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫

♇◒☻─╖╩ ⇔≡⁸15 kHz─◘Ⱪ◐ꜗꜞ▪ ╩ ⇔≡™╢↓≤⌐↔ ↄ∞↕

™⁹ 

 

LTE/LTE-Advanced─◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻○כⱣⱫ♇♪ 

ⱡכⱴꜟ◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻ ὕὺὩὶϿὩὥὨ 

◘Ⱪ◐ꜗꜞ▪  Ⱥf = 15 kHz,   

7 OFDM ◦fiⱲꜟ, CP = 4.7, 5.2 ɡs 
6.6%╕≢ 7.2%╕≢ 

◄◒☻♥fi♪◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻ ὕὺὩὶϿὩὥὨ 

◘Ⱪ◐ꜗꜞ▪  Ⱥf = 15 kHz,   

6 OFDM ◦fiⱲꜟ, CP = 16.7 ɡs 
20%╕≢ 

◘Ⱪ◐ꜗꜞ▪  Ⱥf = 7.5 kHz,   

3 OFDM ◦fiⱲꜟ, CP = 33.3 ɡs 
33.3%╕≢ 

 3-1 LTE/LTE-Advanced⌐⅔↑╢◘▬◒ꜞ♇◒ⱪ꜠ⱨ▫♇◒☻○כⱣⱫ♇♪ 

 
 
 

3.3.2 ⅔╟┘♃▬Ⱶfi◓○ⱨ☿♇♩⌐ ∆╢  

OFDM⌐⅔↑╢ │⁸ ⅔╟┘ ⅜⁸ ↄ ∂ ╩ ⇔≡™╢

≤™℮ ⌐ ≠™≡™╕∆⁹ ○ⱨ☿♇♩⌐ ⇔≡⁸ │ ╦╣⁸◐ꜗꜞ▪

ICI ≤⇔≡ ╠╣╢◘Ⱪ◐ꜗꜞ▪─ꜞכ◒╩ ⅝ ↓⇔╕∆⁹ ⁸

│⁸ ⅔╟┘ ─ ≢№╢⁸ ─♪ꜞⱨ♩⌐╟∫≡ ∂╕

∆⁹↓─ ⌐ ⅎ≡⁸ ⱡ▬☼╙Ⱶꜞ ⌐⅔↑╢ OFDM─ ⅝ ⌐ ╦╡╕∆⁹

⇔⅛⇔⌂⅜╠⁸ ⱡ▬☼─ ─ │⁸ ╩ ∆╢ ▪ⱪ꜡כ♅⌐ ↕╣╕

∆⁹ 
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3.3.3 ™Ⱨכ◒  (PAPR) 

OFDM⌐ ∆╢╙℮ 1≈─ │⁸ ™Ⱨכ◒  (PAPR)⁸≈╕╡◒꜠☻♩

ⱨ□◒♃≢∆⁹◦fi◓ꜟ◐ꜗꜞ▪ ≤ ⇔≡⁸ ™ PAPR│⁸ ↄ─ ₁─◘

Ⱪ◐ꜗꜞ▪─ ⅛╠ ∂╕∆⁹ ⌐⅔™≡⁸↓╣╠─◘Ⱪ◐ꜗꜞ▪│⁸

⌐⁸ ™⌐ ⌂╢ ╩ ⇔≡™╕∆⁹⇔⅛⇔⌂⅜╠⁸ ≤⇔≡∕╣╠│⁸ ╩₈Ⱨ

⌐₉◒כ ↄ ∂ ╩⁸ ⌐ ≈↓≤⅜№╡╕∆⁹◐ꜗꜞ▪ √╡ 20 MHz─

╩◘ⱳ⁸╢∆♩כLTE─╟℮⌂ OFDM◦☻♥ⱶ⌐⅔↑╢◘Ⱪ◐ꜗꜞ▪─ │ ⌐

™√╘⁸Ⱨכ◒ │⁸ ⌐ ═≡ ⌐ ↄ⌂╢ ⅜№╡╕∆⁹ 3-3⌐⅔

™≡ ∆╟℮⌐⁸↓╣│№╕╡ ⌐│ ↓╡╕∑╪⅜⁸ ╩№√ⅎ╢╙─≢∆⁹ 

 

 

 3-3 20 MHz LTE♄►fiꜞfi◒ E-TM 1.1 ─ CCDF ; ◒꜠☻♩ⱨ□◒♃= 11.65 dB 

 

3.3.3.1 ◦fi◓ꜟ◐ꜗꜞ▪ SC-FDMA  

─ OFDM⌐⅔↑╢ ™ PAPR⅜⁸ ⅛╠─ ≢│ ⌐ ≤⌂╡⁸LTE▪♇

ⱪꜞfi◒≢│◦fi◓ꜟ◐ꜗꜞ▪ ⁸™╦╝╢ SC-FDMA≤ ┌╣╢▪◒☿

☻ ⅜ ↕╣╢↓≤⌐⌂╡╕⇔√⁹↓─ ─ │⁸OFDM⌂≥─ⱴꜟ♅◐ꜗꜞ

▪ ─ ≤⁸◦fi◓ꜟ◐ꜗꜞ▪ ─ ╩ ╖ ╦∑╢↓≤⌐№╡╕

∆⁹WCDMA─╟℮⌂◦fi◓ꜟ◐ꜗꜞ▪ │⁸ ⌐╟∫≡│⁸4 dB╕√│∕╣

─ PAPR≤⌂╡╕∆⁹↓╣⌐╟╡⁸Ᵽ♇♥ꜞכ ∆╢Ɫfi♪☿♇♩ ─⁸ ⌐

⌂Ɽ꞉כ▪fiⱪ─ ⅜ ⌐⌂╡╕∆⁹SC-FDMA│⁸OFDM─ ™ PAPR╩ ↄ

∆╢╟℮ ⇔╕∆⁹↓╣│⁸◘Ⱪ◐ꜗꜞ▪◐ꜗꜞ▪ⱴ♇Ⱨfi◓─ ─ ─

≢№╢⁸N ⱨכꜞ◄ DFT ╩ ™╕∆⁹ 3-4│⁸SC-FDMA ─⁸

Ⱪ꜡♇◒ ╩ ⇔≡™╕∆⁹ 

 
  



 

 

 

1MA271_0e  Rohde & Schwarz 12 
 

 

 

 3-4 SC-FDMA  

↓─╟℮⌐⇔≡⁸ ⌐ ∆╢√╘⌐ ◦fiⱲꜟ⌐ ⇔≡⁸N DFT⅜

↕╣╕∆⁹ ⌐⁸M IDFT⅜ OFDM─╟℮⌐ ↕╣╕∆⁹↓↓≢ N <M≢№╡⁸Ɽ

ꜝ꜠ꜟ - ◦ꜞ▪ꜟ ⅔╟┘ CP─ ⅜ ╦╣╕∆⁹↓─ │⁸ ⌐ DFT⅜◘Ⱪ

◐ꜗꜞ▪ ⌐ ↕╣√◦fiⱲꜟ╩ ∆╢√╘⌐⁸∆═≡─◘Ⱪ◐ꜗꜞ▪⅜ ◦

fiⱲꜟ─ ╩ ∆╢─≢⁸DFT OFDM≤ ↕╣╕∆⁹∕─ ⁸PAPR│

⇔╕∆⅜⁸ ↕╣╢ ∆⌂╦∟⁸QPSK⁸16QAM⁸64QAM5 ⅔╟┘

─ ⌐ ↕╣╢ⱨ▫ꜟ♃ꜞfi◓⌐╟∫≡ ⌂╡╕∆⁹ 3-5│⁸3≈─ ⌂╢

⅜ ↕╣√⁸ⱨꜟꜞ♁כ☻Ⱪ꜡♇◒╩ ╡ ≡√ 20 MHz LTE▪♇ⱪꜞfi◒

─ CCDF ╩ ⇔≡™╕∆⁹ ≡⅔ ⅛╡™√∞↑╢╟℮⌐⁸16QAM⅔╟┘

64QAM─ ╟╡╙⁸QPSK─ PAPR⅜ ↄ⌂∫≡™╕∆⁹ 

 
 

 

 3-5 QPSK ; 5.15 dB ⁸16QAM ; 5.60 dB ⅔╟┘ 64QAM ; 6.03 dB ╩

⇔≡ ╡ ≡╠╣√ 100BB⁸20 MHz LTE▪♇ⱪꜞfi◒ ⌐ ∆╢ CCDF 6 ™  

                                                      

5 64QAM│⁸LTE▪♇ⱪꜞfi◒─√╘─○ⱪ◦ꜛfi─ ≢∆⁹ 

6 ↓╣╠─ │⁸ ⌂Ɽ꞉כ▪fiⱪ╩ ™≡⁸1.95 GHz─◐ꜗꜞ▪ ≢ ⇔╕⇔√⁹↓─▪fiⱪ

│⁸20 MHz─  ⅔╟┘ 50 MHz⅛╠ 4 GHz─ ꜠fi☺╩◘ⱳ⁹∆╕™≡⇔♩כ ⌂ Ɽ꞉

│כ 0 dBm⁸ │+ 22 dBm≢⁸1 GHz ≢─ ◕▬fi│ 20 dB≢⇔√⁹ 

 

◦fiⱲꜟ

QPSK⁸

16QAM⁸...  

◦ꜞ▪ꜟ

Ɽꜝ꜠ꜟ 

 

DAC┼ N DFT M IDFT Ɽꜝ꜠ꜟ

◦ꜞ▪ꜟ 

 

CP  SC-FDMA

☻Ɑ◒♩

ꜝⱶ─
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⌐ ⅛╣≡™╢╟℮⌐⁸◒꜠☻♩ⱨ□◒♃│ LTE♄►fiꜞfi◒ ( 3-3)≤ ⇔

≡ ╠⅛⌐ ↄ⌂∫≡™╢↓≤⅜╦⅛╡╕∆⁹⇔⅛⇔⁸WCDMA ⌂◒꜠☻♩ⱨ

□◒♃ 4 dB╕≢ ≢ ↕╣≡™╢╟℮⌂◦fi◓ꜟ◐ꜗꜞ▪ ─ ╒≥ ™

╙─≢│№╡╕∑╪⁹ 

 
 
 

3.3.4 ☻Ɑ◒♩ꜟכ꜡◓ꜞה☻ 

3-1─ sinx/x ─☻Ɑ◒♩ꜝⱶ│⁸Ⱨכ◒─☻Ɑ◒♩ꜟ ─ ⌐╙⁸ ≢│

─ ≤⌂╡⁸ ─ ◄Ⱶ♇◦ꜛfi≤⌂╢◘▬♪꜡כⱩ╩ ⇔╕∆⁹↕

╠⌐⁸ ∆╢ OFDM◦fiⱲꜟ│ ™⌐ ⇔≡⅔╡⁸∕╣╠─ ─ ⌐│⁸

⅜ ⇔≡™╕∆⁹↓─╟℮⌐⁸OFDM│⁸♦☺♃ꜟⱨ▫ꜟ♃ꜞfi◓ ─◦fi◓

ꜟ◐ꜗꜞ▪ ≤│ ⌂∫≡™╕∆⁹↓─ │⁸ ⌐⅔↑╢⁸☻Ɑ

◒♩ꜟ☻Ɽ▬◒≤ ↕╣╕∆⁹ 3-6│⁸☻Ɑ◒♩ꜟ☻Ɽ▬◒⅜│∫⅝╡≤ ⅎ╢⁸

20 MHz─ ╩ ∆╢⁸LTE♄►fiꜞfi◒ ─Ɽ꞉כ☻Ɑ◒♩ꜝⱶ╩ ⇔≡™╕

∆⁹ 

 

 

 3-6 ☻Ɑ◒♩ꜟ☻Ɽ▬◒╩ ⇔≡™╢⁸20 MHz LTE♄►fiꜞfi◒ ─Ɽ꞉כ☻Ɑ◒♩ꜝⱶ 

↓─ ⌂ │⁸№╢◦fiⱲꜟ⅛╠ ─◦fiⱲꜟ┼─ ╩ ∆╢⁸♃▬ⱶה

♪ⱷ▬fiה►▫fi♪►╩ ∆╢↓≤⌐╟∫≡ ∆╢↓≤⅜≢⅝╕∆⁹ 3-7│⁸5ɡ

s─♃▬ⱶה♪ⱷ▬fiה►▫fi♪►╩ ⇔⌂⅜╠─☻Ɑ◒♩ꜟ ╩ ⇔≡™╕∆⁹ 
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 3-7 ►▫fi♪►▬fi◓ ─ ╩ ⇔⌂⅜╠⁸20 MHz─ LTE♄►fiꜞfi◒

─ ┼─☻Ɑ◒♩ꜟ  

⇔⅛⇔⌂⅜╠⁸↓─ ╩ ∆╢≤⁸ ⌐ ╩ ⅎ⁸╟╡ ♩◒ⱬכꜝ◄™

ꜟⱴ◓♬♅ꜙכ♪ EVM 7╩╙√╠⇔⁸╕√ ⇔√◦fiⱲꜟ─ ⱪ♇ꜝכⱣכ○⌐

─ ╩ ∆╢√╘⁸◖☻♩⅜⅛⅛∫≡⇔╕™╕∆⁹ │⁸2≈─◦fiⱲꜟ

─ⱪ♇ꜝכⱣכ○─ ╩№╠╦⇔╕∆⁹30.72 MHz 20 MHz LTE ─◘fi

ⱪꜞfi◓꜠כ♩─ ⁸1ɡs─ │⁸30◘fiⱪꜟ○כⱣכꜝ♇ⱪ≤⌂╡╕∆⁹ 

 

3-8│⁸Rohde&Schwarz FSW◦◓♫ꜟה☻Ɑ◒♩ꜝⱶה▪♫ꜝ▬◙╩ ⇔√⁸

3GPP⌐╟∫≡ ↕╣√ ♪כꜙ♅♬◓ⱬ◒♩ꜟⱴכꜝ◄⁸╢╟⌐ EVM

╩ ⇔≡™╕∆⁹♃▬ⱶה♪ⱷ▬fiה►▫fi♪►│⁸ ⌐╟∫≡ ↕╣≡™⌂™

√╘⌐⁸▪◒♥▫Ⱪ≢│№╡╕∑╪⁹ 3-9│⁸ ↄ ∂ ╩ ⇔≡™╕∆⅜⁸♃▬

ⱶה♪ⱷ▬fiה►▫fi♪►⅜▪◒♥▫Ⱪ⅔╟┘ │ 5ɡs≢∆⁹Ɽ꞉כ☻Ɑ◒♩ꜝ

ⱶ│ ╠⅛⌐ ↕╣╕⇔√⅜⁸EVM│╒╓ 12 dB ⇔╕⇔√⁹ 

 

                                                      

7 EVM ♪כꜙ♅♬◓ⱬ◒♩ꜟⱴכꜝ◄ │⁸♦☺♃ꜟ ─ ╩ ∆╢ ⌂ ≢

∆⁹ 
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 3-8 20 MHz─ LTE♄►fiꜞfi◒ E-TM1.1 ─ ◓ⱬ◒♩ꜟⱴכꜝ◄⁸∟╦⌂∆

⁸EVM♪כꜙ♅♬  

 

 

 3-9 ►▫fi♪►▬fi◓⅜ ↕╣╢ ─⁸20 MHz─ LTE♄►fiꜞfi◒ E-TM1.1 ─

⁸EVM♪כꜙ♅♬◓ⱬ◒♩ꜟⱴכꜝ◄⁸∟╦⌂∆  

↓─ ⌐ ⇔⁸LTE♄►fiꜞfi◒⅔╟┘▪♇ⱪꜞfi◒─√╘─⁸OFDM

─ ⌂ │ 3GPP⌐╟∫≡ ↕╣≡⅔╠∏⁸⇔√⅜∫≡⁸∕─ │ⱬfi♄כ

≤⌂∫≡™╕∆⁹ │⁸ ↕╣√ ⁸∆⌂╦∟

EVM⁸ ⁸ ⌂≥ ⅔╟┘ ACLR⁸SEM⁸☻ⱪꜞ▪

☻ ⌂≥ ╩ √∆↓≤⌐№╡╕∆⁹☻Ɑ◒♩ꜟ ⌂⇔≤™℮↓≤│⁸∆⌂╦∟⁸

SEM│ ╩ √↕⌂ↄ⌂╡╕∆⁹◘ⱳכ♩↕╣╢ ↔≤⌐ ⌂ⱨ▫ꜟ♃ꜞfi◓

╩ ⅜♪Ᵽfi♪כ●⁸⌐╘√╢∆⌐ ↕╣⁸ ⌂ ⅜ ↕╣╕

∆⁹20 MHz─ LTE ─ ⁸1 MHz─●כ♪Ᵽfi♪⅜ ⌐ ↕╣⁸ ─

│ 18 MHz⌐⌂╡╕∆[ 3-10 ]⁹ 
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 3-10 ₈Max hold₉ ╩ ™√ 20 MHz LTE♄►fiꜞfi◒ ─Ɽ꞉כ☻Ɑ◒♩ꜝⱶ 

OFDMⱬכ☻─ ⌐ ∆╢↓╣╠─☻Ɑ◒♩ꜟ ─ │⁸5G♥◒ⱡ꜡☺כ⌐≤

∫≡ ≤ ╠╣≡⅔╡⁸ ⌂ ☻Ɑ◒♩ꜟ─ ─ ⌐≈⌂⅜╢≤ ⅎ

╠╣╕∆⁹ 

 
 
 
 
 
 

18MHz BW 

20MHz♅ꜗⱠꜟ BW 
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4 5G PHY/MAC♦◙▬fi 
 
 

4.1 5G⌐⅔↑╢▪ⱪꜞ◔כ◦ꜛfi  
 

5 (5G) ⌐╟∫≡◘ⱳכ♩↕╣╢▪ⱪꜞ◔כ◦ꜛfi│⁸3≈─ ⌂◌♥

◗ꜞ⌐ ∆╢↓≤⅜≢⅝╕∆⁹↓╣╠─◌♥◗ꜞ│⁸◄fiⱢfi☻♪⸗Ᵽ▬ꜟⱩ꜡כ♪

Ᵽfi♪ eMBB ⁸ ⱴ◦fi♃▬ⱪ mMTC ⅔╟┘ ⅔╟┘

≤⌂╡╕∆⁹ITU8─ ₈IMT9 Vision - Framework and overall objectives of the future 

development of IMT for 2020 and beyond₉[5]⅛╠ ⇔√ │⁸↓╣╠─ 3≈─◌♥◗

ꜞ╩ ⇔≡⅔╡⁸ ◌♥◗ꜞ─▪ⱪꜞ◔כ◦ꜛfi─ ╩ꜞ☻♩⇔≡™╕∆⁹ 

 

 

 4-1 5G ▪ⱪꜞ◔כ◦ꜛfi◌♥◗ꜞ[5] 

↓╣╠─ ⌂╢◌♥◗ꜞ│⁸꞉▬ꜘ꜠☻♥◒ⱡ꜡☺כ◐─כⱤⱨ◊כⱴfi☻▬fi☺◔כ

♃⌐ ∆╢⁸ ⌂╢ ╩ ⇔≡™╕∆⁹ 4-2⌐⅔™≡⁸↓╣╠─ ⅔╟┘∕╣

∙╣─▪ⱪꜞ◔כ◦ꜛfi◌♥◗ꜞ─ ⅔╟┘ ╩ ⇔≡™╕∆⁹ 

 
 

                                                      

8 ITU -  

9 IMT - ⸗Ᵽ▬ꜟ ⁸⸗Ᵽ▬ꜟ ─ ─ ─√╘⌐⁸  ⅔╟┘ ◦♫ꜞ○╩ ∆╢ⱪ꜡

◓ꜝⱶ 

 














































































