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Chapter 5. OFDM Senkronizasyonu
5.1 STO Etkisi

Received Signal STO(9)

Time domain y[n] x[n+ 6]

Frequency domain YIK] [k]

Table 5.1 The effect of symbol time offset (STO).
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5.1 STO Etkisi
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Four different cases of OFDM symbol starting point subject to STO.
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5.1 STO Etkisi — Case 2 (1151 |
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Figure 5.2 Signal constellation subject to STO.
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5.1 STO Etkisi — Case 4
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5.2 CFO Etkisi
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5.2 CFO Etkisi
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5.2 CFO Etkisi

Lo V
Mo
System [Carrier Frequenc| Subcarrier [ Velocity Maximum Normalized
\ y Spacing Doppler Frequency CFO
LTE —DVB 375MHz (IKHZ, | 120km/h 41.67Hz 0042 |
— 3GPP 2GHz 15kHz 120km/h 222.22Hz @8
WMoy < WiBro | 2.3GHz 9.765KHz | 120km/h 255 55Hz 0.0263 /

Table 5.2 Doppler frequency and normalized CFO: an example.

Received signal Effect of CFO
on the received signal
Time-domain signal Y[K] gizme/Nyrg
Frequency-domain signal y[n] X[k —£]

Table 5.3 The effect of CFO on the received signal.
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5.2 Effect of CFO
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Figure 5.5 Effects of CFO ¢ on the phase of the time-domain signal.
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5.2 CFO Etkisi
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Figure 5.5 Effects of CFO ¢ on the phase of the time-domain signal.
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5.2 CFO Etkisi
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Figure 5.5 Effects of CFO ¢ on the phase of the time-domain signaf‘c,«
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5.2.1 Tamsayi CFO (IFO) Etkisi
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5.2.2 Kesirli CFO (FFO) Etkisi
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5.2.2 Kesirli CFO (FFO) Etkisi
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Figure 5.7 Constellation of received symbols with CFO ¢
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5.3 STO Kestirim Teknikleri

5.3.1 Zaman Alanin STO Kestirimi
5.3.1.1 Cevrimsel Onek Kullanimi (Cyclic Prefix(CP))
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Figure 5.8 STO estimation technique using double sliding windows.

>< l@\f%w ‘akf‘\pf @\dm

MIMO-OFDM Wireless Communications with MATLAB®
Page = 20 Yong Soo Cho, Jaekwon Kim, Won Young Yang, and Chung G. Kang
© 2010 John Wiley & Sons (Asia) Pte Ltd









5.3.1.1 Cevrimsel Onek Kullanimi (Cyclic
Prefix(CP))
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5.3.1.1 Cevrimsel Onek Kullanimi (Cyclic
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5.3.1.2 Egitim Dizisi Kullanimi
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Figure 5.9 STO estimation using the repetitive training symbol (period = Ty /2).
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5.3.1.2 Egitim Dizisi Kullanimi
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5.3.1.2 Egitim Dizisi Kullanimi
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Figure 5.10 STO estimation using the repetitive training symbol (period = T, /4).
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5.3.1.2 Egitim Dizisi Kullanimi
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Figure 5.11 Performance of CP-based STO estimation: maximum correlation-based vs. minimum
difference-based estimation.
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_6.3.2 Frekans Alani STO Kestirim Teknikleri

A N N-1
6 = —arg (Z Y [k]Y,” [k—l]) (5.21)

P
»*

FFT output

Figure 5.12 STO estimation using the channel impulse response.
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5.3.2 Frekans Alani STO Kestirim Teknikleri
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5.3.2 Frekans Alani STO Kestirim Teknikleri
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Figure 5.13 Examples of STO estimation using channel impulse response.
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5.4 CFO Kestirim Teknikleri L

5.4.1 Zaman Alani CFO Kestirim Teknikleri

5.4.1.1 Cevrimsel Onek (Cyclic Prefix)Kullanimi
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5.4.1.1 Cevrimsel Onek (Cyclic
Prefix)Kullanimi
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Figure 5.14 Characteristic curve of the error function Equation (5.25).
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5.4.1.2 Eqitim Dizisi Kullanimi
gr]\\ﬁ S )L.(‘O Wr,b_’%g\z,gaf\@)\ék WLQ,\ QL\r~

(A if k=D-i.i=0.1.....(N/D—1) |
X)lk] = { 0. otherwise ‘ (5.26)
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G LQ%G«PISL Qr"‘}\qf\

N/D-1
E—Dwr\é{ > y?[n]y;[nwfﬂl} (527)

2n n=(

m=0 n=0

D D-2N/D—1
£ = ﬁarg{z Z y; [n+mN/Dly[n+ (m+ I)N/D]} (5.28)
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5.4.1.2 Egitim Dizisi Kullanimi
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Figure 5.15 Estimation range of CFO vs. MSE performance.
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5.4.2 Frekans Alani CFO Kestirim Teknikleri

_

v2[n] = yi[n]ée 22Ne/N (, y, k] = Y, [k]e/*™ (5.29)

o ]{
o — Z?IIEH]
1 L-1
= G ™ | 2 Y0 U 1Y DU 1 XU (5:31)

=

1
Im[¥] k] Y2[k] /Z Re[Y; [k]Y2[k]] } (5.30)

=
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) 1 — e , ,
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Eﬁ.Z Frekans Alani CFO Kestirim Teknikleri
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CFO synchronization scheme using pilot tones.

Figure 5.16
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§i2 Frekans Alani CFO Kestirim Teknikleri

CFO estimation
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Figure 5.17 MSE of CFO estimation techniques (obtained by running “CFO_estimation.m™).
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5.5 Ornekleme Saat Hatasinin Etkisi

5.5.1 Ornekleme Saatinde faz Kaymasi Etkisi
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Figure 5.18 Phase offset in sampling clocks: an illustration.
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5.5.1 Ornekleme Saatinde faz Kaymasi
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Figure 5.19 Frequency offset in the sampling clocks: an illustration.
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Y[k] = Y[k]

2
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(5.34)
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5.6 Ornekleme Saat Hatasi Telaflsi
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(b) OFDM receiver with non-synchronous sampling

Figure 5.20 Block diagrams for OFDM receivers with synchronous/non-synchronous sampling.
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5.6 Ornekleme Saat Hatasi Telafisi

Synchronous sampling Non - synchronous sampling
Required VCXO (NCO) X0
components PLL (DPLL) FIR interpolation filter
Usage of VCXO is undesirable Performance degradation

. higher cost & noise jitter than X0 | * Slowly time-varying ICI
« discrete component « Usually, requires oversampling or
high - order interpolation filter

Disadvantage

* Discrete time-domain correction
« Pilot tone-based synchronization « Hybrid time -domain/frequency-
domain correction

Synchronization
Scheme

Table 5.4 Synchronous sampling vs. non-synchronous sampling in OFDM systems.
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5.7 Hucresel Sistemlerde Senkronizasyon
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Figure 5.21 Cell search and synchronization process in a cellular S}“S[CI’[‘].;
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5.7.1 Asagi Gonderimde Senkronizasyon
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(b) Preamble structure in the frequency domain
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Figure 5.22 Cell and preamble structures in Mobile WIMAX system.
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5.7.2 Yukari Gonderimde Senkronizasyon
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Figure 5.24 Timing misalignments among MS bursts received at BS in OFDMA system.
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5.7.2 Yukari Gonderimde Senkronizasyon
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Figure 5.25 Initial ranging symbol in mobile WIMAX system.

! TA 16/

MIMO-OFDM Wireless Communications with MATLAB®
Page = 46 Yong Soo Cho, Jaekwon Kim, Won Young Yang, and Chung G. Kang
© 2010 John Wiley & Sons (Asia) Pte Ltd









5.7.2 Yukari Gonderimde Senkronizasyon
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Figure 5.26 Uplink timing acquisition process.
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5.7.2 Yukari Gonderimde Senkronizasyon
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Figure 5.27 Uplink synchronization procedure.
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