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Abstract— Power loading and phase shifting are generally applied separately to improve the performance of OFDM / OFDMA digital
communication systems. In this paper, we propose a new method by combining the two to save transmit power. The channel
information feedback used on prior power loading is just a channel gain, so in our method, channel state information at the
transmitter (CSIT) feedback is a complex quantity. The magnitude of the channel is used to adjust the power allocation of each
subcarrier, while the information on the channel phase is used to adjust the phase shifting. Our proposed method uses the principle of
channel equalization but we apply in the transmitter. The first step in our research, we derive mathematical equations in the system
model to obtain the ideal quality of communication. Next, to get curves that state the quality of the system, we do simulations with the
help of computing software. From the simulation results, when the CSIT works perfectly, the resulting performance in terms of the
probability of error is equal to the system passing through the AWGN channel, which means the maximum power savings. Although
CSIT is not perfect but can still get power savings on the transmitter side. The more accurate CSIT, the greater the power saving is
obtained. For low level modulation, 70% accuracy can get maximum pawer savings. The simulation results also show that the
application of the propose method has a much better performance compared to the application of channel equalization on the
receiver.
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represents the delay experienced by the signal [5]. By
I. INTRODUCTION utilizing feedback channel conditions which are complex

Power loading is a process to improve performance on quantity, re':search [6] and [7] have clustered several
Orthogonal Frequency Division Multiplexing (OFDM) and subgarrlerg into one chunk on OFDMA system but has not
Orthogonal Frequency Division Multiple Access (OFDMA) utilized this feedback for pows:r'loadlng process.
systems by providing optimal allocation of power to each Apother development in digital communlcatlpn systems,
subcarrier if it passes through the wireless channel. Without to  mprove system performanc.e 18 applied Rotate
knowing the channel conditions on each subcarrier on the Modu.l ation by performing p hase shift in th.e cqnstellatlon of
transmitter side, a simple strategy is to use equal power the digitally modulated signal. The application of rotate

loading on each subcarrier to achieve a high signal to noise modulatiqn in th.e Sigml constgllation a.lso can improve
ratio (SNR). However, at the low SNR, the equal power mutual .1nformgt1on in Rayleigh fading [8]. Rotate
loading strategy should still be applied to the adaptive power Lnodulatl(zin ?Io)ph}id fto OFDM EYStZI.nS han ‘t})leen e>1<.p10¥ed
allocation process. Reference [1] implemented a water filling y [9] an [10]. Re erence'[9] as discussed the application
strategy for the power allocation of each subcarrier on a of Coding Rotate Modulatl'on for enhanced performance of
parallel Gaussian channel. Reference [2] and [3] use channel OF?M .and ?I(D:NEA dcgmblnel:ld ) ystems. T(;le result OO f the
condition feedback for power loading which is still a channel application ot Coded Constellation R otated Vector OFDM
gain information only, with Almost Linear Interleaver can improve QFDM system
The transmission channel conditions passed by signals performance [10]. However, all of these studies are only on
due to propagation, shadowing, multipath and user phase shift process, it is still very interesting if this phase
movements, are in fact complex systems [4]. The channel shift studylls combined with pow;t{ lgadlr}g Erocess.
condition can be represented as a complex quantity, the . Curr.ent ¥, power or eri:e]r)%\}/ll /e FlgﬁltAls ceoming a Ver}?
magnitude represents the channel gain, while the phase interesting issue in O o system  research.
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Reference [11] has been studied about the energy efficient
resource allocation for downlink MIMO(multiple inputs
multiple outputs)-OFDMA systems. Reference [12] has been
studied about subcarrier allocation and precoder design for
energy efficient MIMO-OFDMA downlink systems.

To get better performance and power saving, in this paper,
we combine power loading and phase shift. This process is
done by utilizing channel response information which is a
complex quantity. The channel gain information is the basis
of the power loading process, while the channel phase is
used to adjust the amount of phase shift/rotation in the signal
constellation. The observed performance is the probability of
error of our proposed system. Based on the probability of
error curve, obtained the amount of power savings. Power
savings here are similar to coding gain, i.e. the amount of
SNR savings after the application of our proposed method to
the same probability error target.

II. MATERIAL AND METHOD

The basic idea of OFDM is to transmit data using FDM
(frequency division multiplexing), while the basic concept of
OFDM is to divide high-speed serial data into low-speed
parallel data transmitted by multiple subcarriers. Each
subcarrier is created orthogonally with appropriate frequency
spacing, so spectral overlap between adjacent subcarriers can
be performed without inter-carrier interference (ICT) effect.

A. FFT-based OFDM/OFDMA Systems

The use of Discrete Fourier Transform (DFT) on OFDM
system will reduce the level of complexity of transmitting
and receiving systems. DFT is used to generate an
orthogonal subcarrier, to shorten computing time, it can be
implemented Fast Fourier Transform (FFT) algorithm. FFT
and Inverse FFT (IFFT)-based OFDM/OFDMA systems can
be illustrated in Figure 1.
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Fig. | FFT and Inverse FFT (IFFT)-based OFDM/OFDMA systems

To generate baseband OFDM symbols, serial data
sequences are converted to parallel data to a number of
subcarriers, N. Furthermore, parallel data is modulated using
modulation schemes such as Phase Shift Keying (PSK) or
Quadrature Amplitude Modulation (QAM). Inverse DFT
(IDFT) is used as an OFDM modulator [6] and [7], OFDM
symbol is generated from the equation:
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Where N is the number of IDFT points or subcarrier total
used, S, is the transmitted data symbol on the n” subcarrier
and s, is OFDM symbol output at IDFT/IFFT process.
While DFT is used as an OFDM demodulator, OFDM
demodulator output symbol is obtained from the equation:

. 27mmn

A N-1
S, =X, exp{—] @
n=0

}, 0<n<N-1

Where S, is demodulator OFDM symbol output on the n”

subcarrier and §, is demodulator OFDM symbol input at
DFT/FFT process.

B. OPSK and M-QAM Modulation

The OFDM signal consists of the sum of subcarriers that
are modulated with PSK or QAM. The serial data will be
formed into the symbols of the data in accordance with the
selection signal mapping. The transmitted M ary-QAM
signal for m" symbol and n” subcarrier can be expressed as:

S, (t) =,|—".a,.cos2nf,t) - £.b,.sin(27t)

Where T is the duration of the symbol, E; or o’ is the
energy of the signal with the lowest amplitude, and the value
of a, or by, is ta, +3a, *(log: M-1)a. The illustration of
original M-QAM symbols can be seen in figure 6.

C. Wireless Channel Model

The process of transmitting a signal that reaches the
receiver does not only pass one path but comes from
multiple paths (multipath). Superposition received signal due
to the multipath will experience attenuation (channel gain)
and the phase shift or delay that fluctuates and is often called
multipath fading. Some multipath channel parameters
obtained from the power delay profile that represents the
relative received power plot as a function of excess delay
corresponding to the time delay of reference. Power delay
profile is obtained from the average measurement of
instantaneous power delay profile in a local area [4] and
illustrates in figure 2.
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Fig. 2 The power delay profile as an excess delay function (eg. 4 paths)



Based on figure 2, the transmitted power delivered at time
t (t=0), then the received power equation as a function of
time ¢ and delay 7 is:

P(t,7) = X, P(t-1)) 4

If each of the /' paths has amplitude o; so the equation
becomes:

Pt 9 =X af (1) ©)
The amplitude equation of the received signal becomes:
a(t, 7)) = X (tr) ()

If the transmit signal amplitude for the n™ subcarrier is (%),
so the channel impulse response equation becomes:

hy (o= Zl Ain (t11n) @)

Where a@,(t) is the amplitude gain of the /" path for the n™
subcarrier or user, and 7, is the delay of the /" path for the
n™ subcarrier or user. The @,(t)’s are assumed to be wide-
sense stationary, narrow band, complex Gaussian process,
which are independent for different paths or subcarrier.

At the frequency domain, the frequency response of the
channel impulse response can be expressed as [8]:

+00
H,(f) =f h,(t,T)e 72" dr
=Y (f)e 72 mn (®)

D. Channel Equalization at the Receiver

The channel equalization model at the receiver can be
shown in figure 3.

s@ | Wireless Channel | g | Channel Equalizer | s,
—> h(t) > heq(t) —
S(ﬂ H 09 H eq(ﬂ S"(ﬂ

Fig. 3 The Basic Diagram of Channel Equalizer

The transmitted signal s(?) after passing the wireless
channel A(t), the received signal §(#) experiences negative
gain (attenuation) and delay at the receiver. In order for
distortionless transmission at the output of the receiver, the
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receiver added equalization channel. The received signal in
the frequency domain becomes:

So(f) = S(f)-H(f). Heq (f) = S(f) )

From equation (9), we can obtain the frequency response
equation of channel equalization:

1

Heq(f) = 7=

(10)

Where H(f) is the frequency response of the wireless channel,
that can be represented as a complex quantity. H(f) have
magnitude response |H(f)| and phase response £ @(f). If H(f)
is known in the receiver (CSIR or channel state information
at the receiver), then the frequency response of the H.,(f) can
also be obtained

E. Proposed Solution at the OFDM/OFDMA Transmitter

By analogy similar to the process of Channel Equalizer in
the receiver, the transmitter can also do a wireless channel
compensation process after the transmitter knows the
channel conditions (CSIT). We propose the combined
solution between power loading and phase shifting as in
figure 4.

By assuming that the passband processing at the
transmitter and the receiver works perfectly, the FFT & S/P
input signal in Figure 4 has the equation:

§n = IFFT(S}). Ho(f) (12)

Where H,, (f) is the channel frequency response passed by
n™ subcarrier or user. If §,, passes through distortionless
transmission with H,(f) = 1, the equation (12) without

f(Sy, Hy(f)) process becomes:
3,, = IFFT(S,) (13)

In order to obtain the output of power loading and phase
shifting S,,, we must substitute the equation (12) to the
equation (13), so the equation becomes:

IFFT(S,). Hy(f) = IFFT(S,)

'y — IFFTGn)
IFFT(S;) = T (14)
r IFFT(Sp) _
Sp=FFT(S22) = f(SuHa(H))  (19)
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Fig. 4 Joint Power Loading and Phase Shifting OFDM/OFDMA Systems
5 Original QPSK
The process of shifting the symbol S, to S, based on
knowledge of channel condition (CSIT) is called as the joint 15|
power loading and phase shift. The process of power loading
is when shifting the signal constellation point of each 17
subcarrier close to or away from the coordinate axis. While . .
the phase shift is the shift of the signal constellation of each L a)
subcarrier in the same direction or counter clockwise, at the 2
same time as the power loading process. The illustrations are g or
in figure 5. ~ Ll
Dt o v (1) ] ]
" Phase shift 1 Ly af
\ 53'
a o 15
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/ Real
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Fig. 5 Joint Power Loading and Phase Shifting on QPSK or 4QAM symbol
(the shifting process of the symbol S,, to Sy,)

III. RESULT AND DISCUSSION

In this section, we evaluate the performance of the
proposed solution by Matlab simulation. The simulation was
done by using a variety of modulation type of M-QAM i.e.
QPSK or 4QAM, 16QAM and 64 QAM. Variations in the
number of subcarriers used are 256 and 512.
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QPSK with power and phase shift
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Fig. 6 The Illustration of Original M-QAM and Power-Phase Shifting on M-
QAM, (a) QPSK or 4QAM, (b) 16QAM and (c) 64QAM.
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In Figure 6, we illustrate the original point of the M ary-
QAM signal constellation, and the point after the shift
process with respect to CSIT, (a) QPSK or 4-QAM, (b) 16-
QAM and (c) 64-QAM. The original point of the signal
constellation has a regular form according to equation (3),
whereas after the shifting process, the constellation point
changes with the aim of compensating the channel
conditions through which the information passes. In this case,
the channel is assumed time-invariant at intervals between
training signals to know the channel condition until the
symbol information is completed.
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Fig. 7 (a) Magnitude Channel, (b) The Comparison of Magnitude:
magnitude channel, magnitude output shifter and magnitude output
modulation.

In figure 7, we plot (a) Magnitude Channel, (b) The
Comparison of Magnitude: magnitude channel, magnitude
output shifter, and magnitude output mapper/modulation.
Figure 7 (a) shows that the simulated channel response is
different for each different symbol. Figure 7 (b) shows that
the process of shifting the signal constellation from S, to S,
will eliminate the channel fluctuation effect. It is also seen if
the channel has a small response, then the magnitude output
of the shifter will have a high magnitude. If the channel has
a high response, then the output shifter will have a low



magnitude. In other words, the multiplication of the
magnitude channel and the magnitude of the output shifter
are the constants of the number one.

QAM-16 number of subcarrier 256 in Rayleigh Channel
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Fig. 8 The comparison of Probability of error over SNRs on power loading
only, phase shift only, and combined power loading and phase shifting, also
the equalizer application at the recipient

The simulation results that we show are based on the
proposed system model in Figure 4. Figure 8 shows that the
combined application of power loading and phase shifting
provides a significant improvement of the probability of
error when compared to the probability of error in the
application of power loading only or phase shifting only.
Previous research was still applied power loading only and
phase shifting only.

On the Probability of error curve, the performance of
digital communication system will be better if the resulting
curve is on the left side. At a certain probability of error
values, there is a value of SNR difference between SNRs
without encoding on the system and SNR on the system with
proposed coding. The difference of SNR value is called
coding gain, can be expressed in numerical or decibel (dB).
If the noise at the receiver is considered equal, then the SNR
difference can be replaced by the receive power difference.
If the transmission attenuation of the two comparable
systems is considered equal, then the receive power
difference can be replaced by the transmit power difference.
The transmit power difference between these two
comparable systems, we refer to as power savings.

In Figure 9, we plotted the Probability of error over SNRs
on 16QAM with 256 (a) and 512 subcarriers (b). We see that
on the number of subcarriers 256 and 512, the presence of a
joint Power loading and phase shift can improve
performance, even if CSIT is perfect then P, becomes the
same as the AWGN (additive white Gaussian noise) channel
only. At P, 107, CSIT accuracy increase from 70% to 80%
obtained a coding gain of 4 dB which means power savings
of 2.5 times. Accuracy increased from 80% to 90% will get a
coding gain of 3 dB which means power savings of 2 times.
Accuracy increased from 90% to 100% will get a coding
gain of 2 dB which means power savings of 1.6 times.
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Fig. 9. The Probability of error over SNRs on 16QAM with 256 (a) and 512
subcarriers (b)

In Figure 10, we plotted Probability of error over SNRs
on OFDM/OFDMA with (a) QPSK/4QAM and (b) 16QAM
Modulation. Figure 10 (a) shows that in low-level
modulation such as QPSK/4QAM, the performance of P.
OFDM and OFDMA is the same, also for perfect CSIT and
imperfect CSIT up to 70% have the same P.. The figure also
shows that the implementation of joint power loading and
phase shift on the transmitter side provides much better
performance when compared to the channel equalization
implementation at the receiver. At the P, = 10, in the
OFDM system, the difference of 7 dB or power savings of 5
times, while the OFDMA system can reach 17 dB.

If the modulation used is a high-level modulation such as
16QAM (Fig. 10 (b)), a good channel estimation accuracy is
required to obtain the best probability of error (equal to the
probability of error in the AWGN channel). If the accuracy
of channel estimation is 70%, then the probability of error in
OFDM system will be less good that is similar to the
application of Rx Equalizer. While the probability of error in
OFDMA system, for the accuracy of 70% channel
estimation, still shows the good probability of error, with
gain coding gain of 9 dB at Pe 10°. In this high-level



modulation, accurate channel estimation is required because
the distance between the symbols in the signal constellation
is closer.

OFDM/OFDMA with QPSK Modulation
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Fig. 10. The probability of error over SNRs on OFDM/OFDMA with (a)
QPSK/4QAM, and (b) 16QAM Modulation.

IV. CONCLUSION

In this paper, we proposed the simple process of joint
power loading and phase shifting on signal constellation for
the OFDM/OFDMA downlink. By using process similarities
such as channel equalization, but applied on the transmitter
side, our proposed method can improve system performance
until it is similar to the AWGN channel. When compared
with the application of power loading only or phase shifting
only, our proposed model gives a very significant probability
of error. The more accurate the CSIT, then we get better
system performance. In 1073 P,, CSIT accuracy increase from
70% to 80% get power savings of 2.5 times, CSIT accuracy
increase from 80% to 90% power savings by 2 times, CSIT
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accuracy from 90% to100% get power savings equal to 1.6
times. Our proposed method also delivers results at low-
level modulation for CSIT accuracy of 70%, obtaining a
performance similar to the AWGN channel. When compared
to the application of channel equalization on the receiving
end, our proposed method can provide a lot of power savings,
even reaching 17 dB on OFDMA system.
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