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Abstract
In Multiple Input Multiple Output Orthogonal Frequency Division Multiplexing
system using beamforming improve the receive Signal to Noise Ratio. In the
transmission signals after beam forming the Peak-to-Average Power Ratio (PAPR)
is a major issue in Orthogonal Frequency Division Multiplexing systems, High Peak
to Average Power Ratio is complicated to design the power amplifier and also
increases the power consumption. Analysis of Peak to Average Power Ratio in
Multiple Input Multiple Output Orthogonal Frequency Division Multiplexing
systems has beam forming schemes, MRT (Maximum Ratio Transmission) and EGT
(Equal Gain Transmission). Maximum Ratio Transmission systems have better
improvement compare to that of Equal Gain Transmission systems in Peak to
Average Power Ratio reduction. In Maximum Ratio Transmission OFDM systems
improve both PAPR and bit error rate, also EGT OFDM systems improves PAPR
reduction and lesser improvement in bit error rate when compare to Maximum Ratio
Transmission system.

1. Introduction
Multiple-input Multiple-output orthogonal frequency
division multiplexing (MIMO OFDM) is widely used in
current and next generation broadband wireless
communications, because it can provide high data rate
transmission over multipath fading channels [1], [2].
Among the MIMO techniques, beamforming (or precoding)
has been widely adopted in communication standards, e.g.,
LTE, Wi-MAX and Wi-Fi applications, because it can
achieve full diversity, which results in a reliable
transmission. It is known that OFDM systems suffer from
high peak-to-average power ratio (PAPR). High PAPR
leads to high effort in designing the power amplifier (PA) in
order to maintain a wide linear region for preventing signal
clipping, which therefore increases not only hardware
complexity but also power consumption.
The PAPR issue is worse when beamforming is
applied in OFDM systems, because the dynamic range of
the signals increases after beamforming. Many methods
have been proposed for reducing the PAPR including
deliberate clipping, companding, probabilistic methods, and
coding, these methods may more or less distort signals and
decrease the data rate. For example, the most
straightforward PAPR reduction method is via clipping peak
signals before passing them to the PA [5].However, clipping
signals induces in-band and out-of-band distortion and
requires additional signal processing techniques to
reconstruct the received signals. Another category of
methods to reduce the PAPR is through probabilistic
schemes such as partial transmit sequence (PTS)
[6],selected mapping (SLM) [8] and sign adjustment [9].The
objective of probabilistic methods is to reduce the
probability that peak power exceeds a certain PAPR
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There hold. These methods demand that the transmitter
sends side information to the receiver. Consequently, the
data rate decreases due to the side information, and the
transmitted signals cannot be correctly reconstructed if the
transmitted side information is polluted. Moreover, although
there has been extensive research for PAPR on OFDM
systems in analyzing the PAPR for beamforming MIMO
OFDM systems and developing corresponding PAPR
reduction methods [11]
The PAPR increases if beamforming is adopted in
OFDM systems, and then the corresponding PAPR
mitigation methods. In this paper, we analyze the PAPR
performance for single user MIMO OFDM systems
adopting either one of the two most commonly used
beamforming schemes, i.e., maximum ratio transmission
(MRT) [12] and equal gain transmission (EGT) [13]-[15].
MRT is the optimal beamforming scheme in terms of
receives SNR, but the PA design for MRT is more
complicated than EGT. It has been shown that the
maximum SNR loss between MRT and EGT is only 1.05
dB under Rayleigh fading channels [16].The Extreme Value
Theory and order statistics[20] to derive the CCDF
(complementary cumulative distribution function) of PAPR
for EGT and MRT OFDM systems, and make some
insightful observations. EGT OFDM systems have constant
power property for different OFDM blocks and different RF
transmits branches.

2. Proposed System
PAPR reduction methods for both MRT OFDM and
EGT OFDM systems. It is worth to emphasize that, unlike
conventional PAPR reduction methods, there is no need to
send side information from the transmitter to the receiver in
the proposed algorithms. In addition, for MRT OFDM
systems, the proposed algorithm not only can reduce the
PAPR but also can improve the bit error rate performance.
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Beam forming (or preceding) techniques have been widely
adopted in modern MIMO OFDM systems. Using beam
forming can significantly improve the receive SNR of
OFDM systems. However, the combination of transmit
signals after beam forming deteriorates the peak-to-average
power ratio (PAPR), which has long been considered a
major issue of OFDM systems. High PAPR not only
complicates the design of the power amplifier, but also
increases power consumption. In this paper, we theoretically
analyze the PAPR performance of MIMOOFDM systems
that adopt either one of the two popular beams forming
schemes, i.e. MRT (maximum ratio transmission) and EGT
(equal gain transmission). The analysis considers different
numbers of channel taps after sampling. The results may
provide important reference for practical designs when
evaluating the required power amplifiers and power
consumption.

2.1 Analysis of Peak to Average Power Ratio
MRT OFDM systems generally perform much worse
than EGT OFDM systems in terms of PAPR, PAPR
reduction algorithms are proposed for both MRT OFDM
and EGT OFDM systems. It is worth to mention that for
MRT OFDM systems, algorithm can improve both PAPR
and bit error rate; for EGT OFDM, algorithm improves
PAPR while it only slightly degrades bit error rate. In this
paper, we analyze the PAPR performance for single user
MIMO OFDM systems adopting either one of the two most
commonly used beam forming schemes, i.e., maximum ratio
transmission (MRT) and equal gain transmission(EGT) [
MRT is the optimal beam forming scheme in terms of
receive SNR, but the PA design for MRT is more
complicated than EGT. It has been shown that the
maximum SNR loss between MRT and EGT is only 1.05
dB under Rayleigh fading channels. Two types of average
power: one is block average power
and the other is longterm average power
the block average power is the
average power of an OFDM block at a specific transmit
branch, i.e.

Fig: 1. PAPR reduction in MRT and EGT
Since the soft limiter is one of the most commonly
used models for memory less nonlinear devices in a
transmitter. In order to avoid unwanted nonlinear
distortions, the output of the DAC should be adjusted to
operate within the input range of the PA. Then, the output of
the FFT demodulator is multiplied with the complex
conjugate of the minimum PAR random phase vector.
2.3 Maximum ratio transmission(MRT)
MRT is the optimal beam forming scheme in terms of
receive SNR, but the PA design for MRT is more
complicated than EGT. It has been shown that the
maximum SNR loss between MRT and EGT is only 1.05
dB under Rayleigh fading channels. It is worth to emphasize
that, unlike Conventional PAPR reduction methods, there is
no need to send side information from the transmitter to the
receiver in the proposed algorithms. In addition, for MRT
OFDM systems, the proposed algorithm not only can reduce
the PAPR but also can improve the bit error rate
performance. This satisfying result is obtained thanks to the
motivation from the derived results. The proposed algorithm
attempts to adjust the power at some subcarriers after beam
forming as closely as possible. Since the subcarrier power is
equalized in a certain level, both the PAPR and the bit error
rate performance are improved simultaneously.

While the long-term average power is the expectation
of the block average power, i.e.
The baseband PAPR of the beam forming OFDM
system is defined as
2
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2.2 Block Diagram Of PAPR Reduction
The data stream is converted into serial to parallel.
Then preserve the signal power by using unit magnitude
random phase vectors Um. Amplitude limiting devices such
as DACs and PAs are potential sources of nonlinearity
which may cause performance degradation in OFDM
systems. We consider both the DAC and the PA as
nonlinear.
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Fig: 2. Flow diagram of MRT

2.4 PAPR Reduction Algorithm For MRT OFDM
System
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MRT is the optimal beam forming scheme, and can
achieve 1.05 dB better receive SNR than EGT. Unlike the
for mentioned desirable property of EGT in Lemma 1, MRT
has different average power for different transmit branches
and different OFDM blocks. Hence MRT does not have
constant block average power and the long-term average is
needed to identify the operation region of power amplifier.
The power variation of MRT unavoidably increases the
PAPR. As a result, it complicates the design of the PA and
increases power consumption. Moreover, the PAPR analysis
for MRT OFDM systems is more complicated than that for
EGT OFDM systems because 1) Pavis no longer a constant,
and 2) different numbers of channels taps after sampling L
lead to different MRT vectors and consequently different
PAPR values. To obtain the PAPR of MRT OFDM systems,
again, we first focus on a specific transmit branch, and then
extend the results to all transmit branches. The MRT
beamforming vector can be obtained from the right singular
vector corresponding to the maximum singular value in
MIMO/MISO channels. The PAPR statistics for MIMO and
MISO channels should be the same, because their right
singular vectors are both with the conditional Haar
distribution.

corresponding to the largest effective channel gains,
because the error rate performance is dominated by the
subcarriers corresponding to the smallest effective channel
gains. By doing this, we can effectively reduce the PAPR,
yet the error rate performance is only slightly degraded.

3. Results
The proposed PAPR reduction algorithms can
effectively reduce the PAPR for both MRT and EGT
OFDM systems. At the same time the performance is
improved for MRT OFDM systems and is only slightly
degraded for EGT OFDM systems.

2.5 Equal Gain Transmission (EGT)
The proposed algorithm attempts to adjust the power
at some subcarriers after beamforming as closely as
possible. Since the subcarrier power is equalized in a
certain level, both the PAPR and the bit error rate
performance are improved simultaneously. For EGT
OFDM systems, the proposed algorithm can reduce the
PAPR, while at the same time it only slightly degrades bit
error rate performance. Finally, simulation results are
provided to show the accuracy of the derived theoretical
PAPR results and the performance improvement achieved
when using the proposed PAPR mitigation algorithms.

Fig: 4. AM/AM Response of Power Amplifier
In the result the comparison of input and output
amplitude response of power amplifier where linear and
amplifier response is obtained,also mean of OFDM
amplitude is determined.

Fig: 5. BER for both MRT and EGT
In the result bit error calculation for overall Maximum
Ratio Transmission system and Equal Gain Transmission
system. In MRT system has better improvement when
compare to EGT system.

Fig: 3. Flow diagram of equal gain Pre-coder
2.6 PAPR Reduction Algorithm For EGT OFDM
System
The PAPR of one specific transmit branch for EGT
OFDM systems is the same as that for unprecoded OFDM
systems. Hence, the PAPR reduction algorithms for
unprecoded OFDM systems can be applied to EGT OFDM
systems. EGT already has constant power for different
OFDM blocks and transmit branches; also it is known that
changing subcarrier phases can reduce the PAPR of OFDM
systems Therefore, we change the subcarrier phases
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Fig: 6. CCDF of PAPR reduction for MRT and EGT system
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In the result CCDF complementary cumulative
distribution function of PAPR reduction for both MRT and
EGT in MIMO OFDM system.MRT has better
improvement compare to EGT system.

Fig: 7. Power spectral density function
In the result comparison of original, MRT and
EGT system for power spectral density function.

4. Conclusion
The PAPR performance and corresponding mitigation
algorithms for beamforming OFDM systems. We
analytically derive the PAPR distribution for EGT OFDM
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