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Chapter 7. PAPR Azaltimi T
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7.1.1.1 Tepe-Ortalama Zarf Gucu Orani
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7.1.1.3 Tepe-Ortalama Gug¢ Orani (PAPR)
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Figure 7.3 CCDFs of OFDM signals with N =64, 128, 256, 512, and 1024,
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7.1.1.3 Tepe-Ortalama Gug¢ Orani (PAPR)

QPSK, 4 symbols, Ts=1s, Fs=8Hz, L=4, g(n)=u(n)-u(n-Ts)

QPSK, 4 symbols, Ts=1s, Fs=8Hz, L=4, F_=1Hz, g{n)=u(n)-u(n-Ts)
2 T T T T

< AL o il 4 Al
o5 115 225 5 a5+ oup [ A E

%; O v 05 1 15 2 25 3 35 4
& O(TTIT T y . PAPRZ3ONE
o 05 1 15 2 25 3 35 4 OO N O O] | | S S LA 11
. PAPR = 0dB B T
2 Q05 1 15 2 25 3 35 4 R VF- S B N B S

Samples Samples

Page = 9

(a) Baseband signal (b) Passband signal

Figure 7.4 Bascband/passband signals for QPSK-modulated symbols.
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7.1.2 Distribution of OFDM Signal
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Figure 7.5 Block diagram of OFDM system.
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7.1.2 OFDM Sinyal Buyuklugunun Dagilimi

Time-domain signals
for each subcarrier (1)

xI(t)

xQ(t)

Ix(t)]

Page = 11

0
0

0.1

0;2 {].IB D.A\ D.IS D;B D.I? {}.IE {er 1
: . . & . . :

[

0.1

0.2 03 04 05 06 07 08 0
t

(a) Time-domain OFDM signals

Figure 7.6

9

Pdf of x,t)

Pdf of x(1)

Pdf of Ix(t)l

QPSK, N =16

| I |

.05 -0.04 0,03 -0.02 -0.01 0 001 002 0.03 004 0O

05

| " |

.05 -0.04 0.03 -0.02 -0.01 0 001 002 003 004 0O

T T T T T T

05

0 0.01 0.02 0.03 0.04 0.05 0.06 0.

X

(b) Magnitude distribution of OFDM signal

Characteristics of time-domain QPSK/OFDM signals: N =8 and 16.
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7.1.4 Kirpma ve SONR
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Figure 7.11 Probabilistic distribution of the real part of a ime-domain OFDM signal.
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7.1.4 Kirpma ve SONR
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Kodlar

-~ Program 7.1 (“plot_ CCDF.m").

“"s Program 7.2 (“PAPR”) for PAPR calculation
.= Program 7.3 (“mapper”) for PSK/QAM

L= Program 7.4 “single_carrier PAPR.m”

| = Program 7.5 “modulation()”

L-/Program 7.6 “OFDM _signal.m”

33
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7.2 PAPR Azaltma Teknikleri
7.2.1 Kirpma ve Filtreleme
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7.2.1 Kirpma ve Filtreleme
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Figure 7.13 Block diagram of a PAPR reduction scheme using clipping and filtering.
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7.2.1 Kirpma ve Filtreleme

Parameters Value
Bandwidth, 1MHz
Sampling frequency, 8 MHz
with oversampling factor
B\
Carrier frequency, 2 MHz
FFTsize, 59"

~ 8 128
Number of guard interval samPIes (CP)

32
Modulation onﬂer QPSK
Clipping Ratio (CR)

0.8,1.0,12,14,16

Table 7.1 Parameters used for simulation of clipping and filtering.

» Program 7.11 “PDF_of clipped_and_filtered OFDM _signal.m”
= Program 7.12 “clipping” to clip a signal with CR (Clipping Ratio)
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7.2.1 Kirpma ve Filtreleme
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Figure 7.14 Characteristics of an equiripple passband FIR filter.
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7.2.1 Kirpma ve Filtreleme
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Figure 7.15  Histograms (PDFs) and power spectra of OFDM signals with clipping and filtering (CR = 1.2).

MIMO-OFDM Wireless Communications with MATLAB®
Yong Soo Cho, Jaekwon Kim, Won Young Yang, and Chung G. Kang

Page = 19
© 2010 John Wiley & Sons (Asia) Pte Ltd



7.2.1 Kirpma ve Filtreleme

Passband signal after clipping and filtering, CHR=1.2
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Figure 7.15 Histograms (PDFs) and power spectra of OFDM signals with clipping and filtering (CR = 1.2).
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7.2.1 Kirpma ve Filtreleme
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Figure 7.16 PAPR distribution and BER performance with clipping and filtering.
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7.2.2 —-17.2.7 Diger PAPR Azaltma Yontemleri

» 7.2.2 PAPR Reduction Code
— Bilgi blok kodlarla kodlanir , en dusuk PAPR saglayan kod kullanihr

— Karmasikligi fazla

» 7.2.3 Selective Mapping

— QAM sembolleri faz kaydirma sekanslariyla garpilir, en uygun sekans segilir
Cok fft operasyonu gerektirir

» 7.2.4 Partial Transmit Sequence
— QAM sembolleri alt bloklara ayrildiktan sonra Ustteki her bir alt blok i¢in uygulanir
= 7.2.5 Tone Reservation
— Baazi altyasiyicilar sadece PAPR azaltmak amaciyla kullantlir.
* Veri hizi kaybi
= 7.2.6 Tone Injection

— Data QAM sembollerinin Uzerine PAPR azaltmak amaciyla semboller
«bindirilir»

» Glg sarfiyati
= 7.2.7 DFT Spreading
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7.2.7 DFT Spreading
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Figure 7.25 LEquivalence of OFDMA system with DFI-spreading code to a single-carrier system.
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7.2.7 DFT ile yayma
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Figure 7.26  Subcarrier mapping for uplink in OFDMA systems: DFDMA and LFDMA.
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7.2.7 DFT ile yayma
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Figure 7.27 LExamples of subcarrier assignment to multiple users: three users with N = 12, M = 4,
and § = 3.
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7.2.7 DFT ile yayma
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Figure 7.28 Examples of DFT spreading for IFDMA, DFDMA and LFDMA: three users with
N=12,M =4, and § = 3.
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7.2.7 DFT ile Yayma - IFDMA

. Xk/Sl, k=S-m, m=012_ - M-I
Xkl = . (7.35)
0, otherwise
e 2n Ly
i) = =S Xkle N
N k=0
1 1 M—1 ;Eniim
== — X myle
5 my;=0
| | M1 ;‘_EM.;; mml |
= T ZX[IIT]]E (7.36)

I
Gl —
<
(]
=

=

- X[

Ll —

MIMO-OFDM Wireless Communications with MATLAB®
Page = 27 Yong Soo Cho, Jaekwon Kim, Won Young Yang, and Chung G. Kang
© 2010 John Wiley & Sons (Asia) Pte Ltd



7.2.7 DFT Spreading
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Figure 7.29 Uplink transmitter with DFT-spreading technique of IFDMA.
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7.2.7 DFT ile Yayma - IFDMA

X(k=r)/Sl. k=S-m+r,m =0.1,2,--- . M—1
(7.37)
0, otherwise

o Ml o (Mstm) (7.38)
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7.2.7 DFT ile Yayma - LFDMA

,, Xkl k=0.1,2.--- M-1
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7.2.7 DFT Spreading
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7.2.7 DFT Spreading

Blml} [ 0] 1] x2] 3]
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where c[m. s, p] is a complex weight defined in Equation (7.42)

Figure 7.30 Time-domain signals with DFT-spreading technique: examples for [IFDMA and LEDMA.
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N
Kodlar

= Program 7.18 (“compare_DFT_spreading.m”),
» Program 7.17 (“*CCDF_PAPR_DFTspreading”)
* Program 7.19 “compare_DFT spreading_ w_psf.m”

— Darbe sekillendirici filtrenin etkisi
= Sonug
— Uplink’te kullantlir

— OFDMA'den daha iyi PAPR performansina
sahiptir.
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7.2.7 DFT Spreading

Pr(PAPR=PAP Ry)

PAPR, [dB]
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Figure 7.31
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7.2.7 DFT Spreading
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Figure 7.33 PAPR performance of DFI-spreading technique when M varies.
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