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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 nhew 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 sqlk?ca(;rlir_s flnt%k(J)nek:c:hunk on PF(?MA system but has not
Orthogonal Frequency Division Multiple Access (OFDMA) ut|Xe ; |sdee | ack for pov(\]/l_er_ ola NG Process.
systems by providing optimal allocation of power to each nother development in ¢ igita communlcanlc_)ndsyztems,
subcarrier if it passes through the wireless channel. Without!l© Improve system performance Is applie otate

knowing the channel conditions on each subcarrier on theModulation by performing a phase shift in the constellation

transmitter side, a simple strategy is to use equal powerOf the digitally modulated signal. The application of rotate

loading on each subcarrier to achieve a high signal to noisemOdlJI"’mc.)n in th_e sig_nal const_ellation .aIso can improve
ratio (SNR). However, at the low SNR, the equal power mutual .|nforma_t|on in _Rayleigh fading [8]. Rotate

loading strategy should still be applied to the adaptive powerg‘OdUIat'?jn applledf to OFDM EVS“;'T”S havt(aj bheen e>|<p|0red
allocation process. Reference [1] implemented a water filling y [9] an [10]. Re erence [9] has discussed the application
strategy for the power allocation of each subcarrier on aof Coding Rotate Modulation for enhanced performance of

: FDM and CDMA combined systems. The result of the

parallel Gaussian channel. Reference [2] and [3] use channe o .
condition feedback for power loading which is still a channel appllcatlon Of. Coded Constellation . Rotated Vector OFDM
gain information only. with Almost Linear Interleaver can improve QFDM system

The transmission channel conditions passed by Sign‘,jllsperformance [10]. However, all of these studies are only on
due to propagation, shadowing, multipath and user phase shift process; it is still fascinating if this phase shift
movements, are in fact complex systems [4]. The channels'tuéjy IS ccl)mbmed with power Ioad]ipg_process.b .
condition can be represented as a complex quantity, the urrently, power Oroeggﬁyog[)ﬂincy IS becoming r?
magnitude represents the channel gain, while the phasd@Scinating issue in 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

N-1
S, =%anexp{j2l;lﬂ}, 0sms<N-1 (1)

n=0

WhereN is the number of IDFT points or subcarrier total
used,S, is the transmitted data symbol on tit& subcarrier

and s, is OFDM symbol output at IDFT/IFFT process.

we combine power loading and phase shift. This process iSyhjle DFT is used as an OFDM demodulator, the OFDM
done by utilizing channel response information, which is @ yemqdulator output symbol is obtained from the equation:

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

. 271mn 2

A

S, =

}, OsnsN-1

N-1

2 S, ex

n=0
Wheres, is demodulator OFDM symbol output on thi&

subcarrier ands, is demodulator OFDM symbol input at

SNR savings after the application of our proposed method toPFT/FFT process.

the same probability error target.

Il. 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 S, (t)

be performed without inter-carrier interference (ICI) 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.
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. 1 FFT and inverse FFT (IFFT)-based OFDM/OFDMA systems

To generate baseband OFDM symbols, serial data

sequences are converted to parallel data to some 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], the OFDM symbol is
generated from the equation:
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B. QP 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 by the selection signal
mapping. The transmitted M ary-QAM signal fof’ symbol
andn" subcarrier can be expressed as:

= \/21_?9 a, cos@rf t) —\/ZT?Q b, sin@7t) (3)

WhereT is the duration of the symb(ﬁ'g ora’is the
energy of the signal with the lowest amplitude, and the value
of a,, or b}. is ta, +3a, +(log, M-1)a. The illustration of

original M-QAM symbols can be seen in Figure 6.

DFT is used to generate an

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 Fig. 2.

4 Power delay profile

P(t7) Poft-1)=05" (t-12)

Py(t1)=0,>(t-1)) rms delay spread, G ;
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Fig. 2 The power delay profile as an excess delay function (e.g. 4 paths)



Based on Fig. 2, the transmitted power delivered at time receiver added equalization channel. The received signal in
(t=0), then the received power equation as a function of timethe frequency domain becomes:

tand delays is: S.(F) = S(A.H(F) . H () =5(f) )
Plt, o) =%, Bz (4)

From equation (9), we can obtain the frequency response
If each of thel™ paths has amplitude, so the equation equation of channel equalization:

becomes: s
- =— 10
Pt ) = aft-17) (5) Heglf) =25 (10)
WhereH(f) is the frequency response of the wireless channel,
The amplitude equation of the received signal becomes: that can be represented as a complex quarkit). have
magnitude respond® (f)| and phase responsen(f). If H(f)
alt,t) =5 ayft-n)) (6) is known in the receiver (CSIR or channel state information

at the receiver), then the frequency response dfif( can

If the transmit signal amplitude for tm&" subcarrier isit), also be obtained

so the channel impulse response equation becomes: 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 Fig.
Where 4; ((t) is the amplitude gain of th&' path for then™ 4.
subcarrier or usegnd 7, is the delay of th¢" path for the By assuming that the passband processing at the
n" subcarrier or user. The (t)'s are assumed to be wide- transmitter and the receiver works perfectly, the FFT & S/P
sense stationary, narrow band, complex Gaussian processnput signal in Fig. 4 has the equation:
which are independent for different paths or subcarrier.

At thel frequency domain, the frequency respon.se of the s, = IFFT(S.).H, (f) (12)
channel impulse response can be expressed as [6]:

'r!ﬂ{t-:]= Z;ﬂ';ﬂ{?—ﬂ-ﬂ] (7)

—+ o
H, () =J‘ h,(t.7)e P T ds WhereH, (f]is the channel frequency response passed by
— = s n" subcarrier or user. ¥, passes through distortionless
= Ziagn(fle 12 e ®) transmission withH,{f} = 1, the equation (12) without
£S5, H, (f)) process becomes:
D. Channel Equalization at the Receiver §m = IFFT(5,) (13)
The channel equalization model at the receiver can be
shown in Fig. 3.

In order to obtain the output of power loading and phase
shifting 5,, we must substitute the equation (12) to the
equation (13), so the equation becomes:

sty | Wireless Channel | g | Channel Equalizer | s,
> —

— h(t) heg(t)
S(ﬁ H(ﬂ ch/(ﬂ Sﬂ(ﬁ
IFFT(5,). B, () = IFFT(5,)
Fig. 3 The basic diagram of channel equalizer IFFT {5;‘] _ ;,-.-:rlu;-::\ (14)

The transmitted signak(t) after passing the wireless
channelh(t), the received signaf(t) experiences negative
gain (attenuation) and delay at the receiver. In order for s =FFT(
distortionless transmission at the output of the receiver, the

PFFTS,)

)= f(s.H,(P)  (15)

HI!IJFI

2041



- So S’
» _>S1 Power _S1>
A . .
Dafain > Signal —PSZ Loading & _>S’2 IFFT Sm Pass Band
S/P t Mapper —> Phase —> & } P .
Single or (Modulation) Shifting , P/S rocessing
Multi User > Sn-1 > f (Sn,l_ln(ﬂ) Si)
A
Channel State Information {
from all subcarrier / user
H,()
A
X bits .
P mossosoossoeoees v So
P Signal <_" Channel ¢S
Data Out < De-;\g/lr;?)per li;1u11?711~ Sz FFT Sm Pass Band
<«—— PSS |« — < & < .
(De- v Hy) S/p Processing
Modulation) i (optional) s
< ‘ i N N-1

X bits

-

Fig. 4 Joint Power Loading and Phase Shifting OFDM/OFDMA Systems

The process of shifting the symb#|} to 5;; based on
knowledge of channel condition (CSIT) is called as the joint
power loading and phase shift. The process of power loading
is when shifting the signal constellation point of each
subcarrier close to or away from the coordinate axis. While
the phase shift is the shift of the signal constellation of each
subcarrier in the same direction or counterclockwise, at the

same time as the power loading process. The illustrations are

in Fig. 5.
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Fig. 5 Joint Power Loading and Phase SHIFTING on QPSK or 4QAM
symbol (the shifting process of the symiqlto £,)

I1l. 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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Fig. 6 The lllustration 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 Fig. 6, we illustrate the original point of the M ary-
QAM signal constellation and the point after the shift
process concerning 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 Fig. 7, we plot (a) Magnitude Channel, (b) The
Comparison of Magnitude: magnitude channel, magnitude
output shifter, and magnitude output mapper/modulation. Fig.
7 (a) shows that the simulated channel response is different
for each different symbol. Fig. 7 (b) shows that the process
of shifting the signal constellation frorf, to 5, 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 16QAM number of subcarrier 256

magnitude channel and the magnitude of the output shifter 10° ' j
are the constants of the number one. =g K AWGN Perfect CSI
K —6— Imperfect CSIT, 90% | |
10 —A— |mperfect CSIT, 80%
0 QAM-16 number of subcarrier 256 in Rayleigh Channel ) ::(pggj;tizi?”’ 0%
10 T T T T T T T D 10
AAAAAA"‘A"AA/_\.AAAAA“ <
— - 5
107! > i 10°
k)
— =
i 1072 2 0
— o)
S <
I T 108
S 40
=
3 10
(]
8 10
o 10,7 1 I L I 1 I |
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51 —¥— Pw&Ph Shift Perfect CSI SNR (dB)
10 —©— Phase Rotation only
—=&A— Power Loading only (a)
. —<— RX Equalizer fl
10 0 5 10 15 20 25 30 35 40 100 . 1IGQAM nlumber?fsubc::\rrier51|2 .
SNR JHe —— AWGN / Perfect CSI
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Fig. 8 The comparison of Probability of error over SNRs on power loading 107 _A_:"‘Pez“: Eiﬂ gg; E
only, phase shift only, and combined power loading and phase shifting, also : ,;"X";qj:“zer %
the equalizer application at the recipient E 1072
The simulation results that we show are based on the £ ;s
proposed system model in Fig. 4. Fig. 8 shows that the
combined application of power loading and phase shifting £ ;¢
provides a significant improvement of the probability of g
error when compared to the probability of error in the & 4%
application of power loading only or phase shifting only.
Previous research was still applied power loading only and 108 F
phase shifting only.
On the Probability of error curve, the performance of 0 T T e s 0 2 . a wo
digital communication system will be better if the resulting SNR (dB)
curve is on the left side. At a certain probability of error (b)

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). In Fig. 10, we plotted Probability of error over SNRs on
If the noise at the receiver is considered equal, then the SNROFDM/OFDMA with (a) QPSK/4QAM and (b) 16QAM
difference can be replaced by the receive power difference Modulation. Fig. 10 (a) shows that in low-level modulation
If the transmission attenuation of the two comparable such as QPSK/4QAM, the performance Rif OFDM and
systems is considered equal, then the receive powelOFDMA is the same, also for perfect CSIT and imperfect
difference can be replaced by the transmit power difference.CSIT up to 70% have the sarfg. The figure also shows
The transmit power difference between these two that the implementation of joint power loading and phase
comparable systems; we refer to as power savings. shift on the transmitter side provides much better
In Fig. 9, we plotted the Probability of error over SNRs on performance when compared to the channel equalization
16QAM with 256 (a) and 512 subcarriers (b). We see that onimplementation at the receiver. At thg = 10° in the
the number of subcarriers 256 and 512, the presence of ®FDM system, the difference of 7 dB or power savings of 5
joint Power loading and phase shift can improve times, while the OFDMA system can reach 17 dB.
performance, even if CSIT is perfect, thepbecomes the If the modulation used is a high-level modulation such as
same as the AWGN (additive white Gaussian noise) channell6QAM (Fig. 10 (b)), a good channel estimation accuracy is
only. At P, 10° CSIT accuracy increase from 70% to 80% required to obtain the best probability of error (equal to the
obtained a coding gain of 4 dB, which means power savingsprobability of error in the AWGN channel). If the accuracy
of 2.5 times. Accuracy increased from 80% to 90% will get a of channel estimation is 70%, then the probability of error in
coding gain of 3 dB, which means power savings of 2 times. OFDM system will be less good that is similar to the
Accuracy increased from 90% to 100% will get a coding application of Rx Equalizer. While the probability of error in
gain of 2 dB, which means power savings of 1.6 times. the OFDMA system, for the accuracy of 70% channel
estimation, still shows the good probability of error, with
gain coding gain of 9 dB aPe 10° In this high-level

Fig. 9 The Probability of error over SNRs on 16QAM with 256 (a) and 512
subcarriers (b)
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modulation, accurate channel estimation is required becausaccuracy from 90% t0100% get power savings equal to 1.6
the distance between the symbols in the signal constellatiortimes. 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 many power savings,
even reaching 17 dB on the OFDMA system.
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Fig. 10 The probability of error over SNRs on OFDM/OFDMA with (a)
QPSK/4QAM, and (b) 16QAM Modulation.
I\V. CONCLUSION [0l

In this paper, we proposed the simple process of joint

power loading and phase shifting on signal constellation for [10]

the OFDM/OFDMA downlink. By using process similarities

such as channel equalization, but applied on the transmittefy 1

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 [12

only, our proposed model gives a very significant probability
of error. The more accurate the CSIT, then we get better
system performance. In 2@, 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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