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SYNCHRONIZATION OF OFDM SIGNALS Assistant Examiner—Mohammad Ghayow

Attorney, Agent, or Firm—Lumen Intellectual Property
[75] Inventors: Timothy M. Schmidl; Donald C. Cox, Services

[73] Assignee: Stanford University, Stanford, Calif. A method and apparatus achieves rapid timing
synchronization, carrier frequency synchronization, and

[21] Appl. No.: 666,237 sampling rate synchronization of a receiver to an orthogonal
frequency division multiplexed (OFDM)signal. The method

[22] Filed: Jun. 20, 1996 uses two OFDM training symbols to obtain full synchroni-
6 zation in less than two data frames. A first OFDM training

50] Tate Ga cccstnrcccrcuscmuacenatemic OGL 700 symbol has only even-numbered sub-carriers, and substan-
[52] US. CL. seuscacrecnennanecsucscenses reeretwenereneess 375/355; 375/354 tially no odd-numbered sub-carriers. an arrangement that
[58] Field of Searcha .....ccccseccssccsseseneee 375/354, 355; results in half-symbol symmetry. A second OFDM training

370/206, 208 symbol has even-numberedsub-carriers differentially modu-
lated relative to those of the first OFDM training symbol by
a predetermined sequence. Synchronization is achieved by

[56] References Cited computing metrics which utilize the unique properties of
these two OFDM training symbols. Timing synchronization
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_... 370/19‘ USing the timing metric as well as a carrier frequency offset
ssa 370/19 metric which peaks at the correct value of carrier frequency

we 370/19 Offset. Sampling rate offset estimation is performed by
daeann 370/19 evaluating the slope of the locus of points of phase rotation

. 375/295 due to sampling rate offset as a function of sub-carrier
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