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Output power

Background

High-speed and high-reliability
transmission is required in recent
wireless communications systems.

OFDM signal causes a non-linear
distortion in the case of power
amplification because PAPR (peak
-fo-average power ratio) is
extremely high.
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Clipping and Filtering (CAF)

Clipping and Filtering (CAF) is practical and effective to cope with the nonlinear
distortion problem.

=CAF clips the time domain transmit OFDM signals by clipping and eliminates the
out-of-band radiation by filtering at the same time [1].

Clipping Filtering

Clipping clips the transmit time Filtering perfectly eliminates the out-of-

domain OFDM signals. band radiation due to the clipping process.

= Reduction of high peak power = Suppression of out-of-band radiation
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[1]1J. Armstrong, " Peak-to-average power ratio reduction for OFDM by repeated clipping and frequency domain
filtering," Elect. Lett., vol.38, pp.246-247, Feb. 2002.



Problem of Clipping and Filtering

OFDM signal after passing through the filter causes the waveform distortion due

to eliminating the out-of-band radiation.
= BER performance of the traditional clipping and filtering method is
degraded in comparison with the case without clipping and filtering.
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Transmit power control based on the SNDR (1)

We have so far proposed a symbol-wise transmit power control based on SNDR (signal-to-
hoise-plus-distortion ratio) to_improve the BER performance in the presence of the
nonlinear distortion [2].

r OFDM signals in the presence of the nonlinear distortion \
o -At the transmitter, the effect of

the nonlinear distortion decreases.
- At the receiver, robustness
against AWGN weakens.
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The transmit power reduction is
needed fo avoid nonlinear distortion
while keeping robustness against
AWGN as much as possible.
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[2] N. Kamiya and F. Maehara, "Nonlinear distortion avoidance employing symbol-wise transmit power control for OFDM
Transmission," Proc. InOWo'09, pp223-227, Sept. 2009.



Transmit power control based on the SNDR (2)

Formula of SNDRI[3]
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[3] F. Maehara, "Series expression of BER performance for DQPSK/OFDM signals employing selection combining
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Objective

We adopt the transmit power control using the SNDR for clipping and filtering in order
to overcome the BER degradation while good out-of-band radiation performance holds.
= In the proposed method, since the transmit power control is performed before clipping and
filtering, not only out-of-band radiation suppression thanks to clipping and filtering, but also
the BER performance improvement thanks to transmission power control can be expected.
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The effectiveness of the proposed method is demonstrated by comparing with the
traditional clipping and filtering method with constant input power level with a parameter of
the modulation scheme.
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* The proposed and
traditional methods
significantly reduce the
out-of-band radiation
comparing with the case
without clipping and
filtering.

- The proposed and
traditional methods
generate nearly the same
frequency spectrum.



Bit Error Rate

BER performance
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(a) BER performance versus average CNR
The proposed method provides better BER than the traditional method regardless of

the modulation scheme.
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(b) BER performance versus IBO

= The transmit power control in the proposed method alleviates effectively the
nonlinear distortion caused by clipping and filtering while the traditional method
destroys the transmit OFDM signals instead of suppressing the out-of-band radiation.



Conclusion

We have proposed the OFDM clipping and filtering
method using transmit power control to overcome the
nonlinear distortion caused by the HPA.

Conclusion

* The proposed and traditional methods generate nearly
the same frequency spectrum, which implies that the
proposed method satisfies the good suppression
performance in terms of the out-of-band radiation.

* The proposed method provides better BER than the
traditional scheme regardless of the modulation scheme.

:> The proposed method achieves the improvement
of the BER as well as the suppression of the out-
of-band radiation.
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