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ABSTRACT

Orthogonal Frequency Division Multiplexing (OFDM) has
several attributes which make it a preferred modulation scheme
for high speed wireless communications. However, its high
Peak-to-Average-Power Ratio (PAPR) causes nonlinear dis-
tortion thus limiting the efficiency of the transmitter’s High
Power Amplifier. Among the approaches proposed for PAPR
mitigation, the Partial Transmit Sequence (PTS) technique is
very promising since it does not generate any signal distor-
tion. However, its high complexity makes it difficult for use in
high speed communication systems. We present a new low-
complexity tree algorithm to implement the PTS approach,
which seeks the best trade-off between performance and com-
plexity. Simulation results show that this new technique’s per-
formance is similar to that of the optimum case, however with
significantly lower complexity.

1. INTRODUCTION

The explosive growth of mobile wireless communications is
producing the demand for high-speed, efficient, and reliable
communication over the hostile wireless medium. As a mod-
ulation scheme for such applications, Orthogonal Frequency
Division Multiplexing (OFDM) possesses several desirable
attributes, such as high immunity to inter-symbol interfer-
ence, robustness with respect to multi-path fading, and abil-
ity for high data rates, all of which are making OFDM to
be incorporated in wireless standards like IEEE 802.11a/g/n
WLAN and ETSI terrestrial broadcasting. However one of the
major problems posed by OFDM is its high Peak-to-Average-
Power Ratio (PAPR), which seriously limits the power effi-
ciency of the transmitter’s High Power Amplifier (HPA). This
is because PAPR forces the HPA to operate beyond its linear
range with a consequent nonlinear distortion in the transmit-
ted signal. This distortion is viewed as a major impediment to
progress by the RF system design community. Clever signal
processing techniques are necessary to deal with this prob-
lem. As shown in our previous work, Digital Pre-Distortion
techniques belong to this category [1] [2]. However, these

pre-distortion techniques only work in the limited range that
extends up to the saturation region of the HPA. In order to
mitigate this problem, there is considerable interest in further
developing and combining the existing techniques to mitigate
nonlinear distortion in HPA under ever increasing throughput
demands from the system. Among various PAPR reduction
techniques, the Partial Transmit Sequence (PTS) technique
which was developed by Muller and Huber [3] constitutes
a promising approach to reduce PAPR in OFDM communi-
cation systems. However, a major problem of PTS is its very
high complexity which makes it difficult for use in high speed
mobile communications. Cimini and Sollenberger proposed
a low complexity algorithm for PTS [4], but still there is a
significant performance gap between ordinary PTS technique
and their algorithm. In this paper, we present a novel sub-
optimum algorithm for PTS to reduce PAPR in OFDM sys-
tems. In this technique, we use a tree-based algorithm to find
a best-compromise-based sub-optimum solution.

2. OFDM AND PEAK-TO-AVERAGE POWER RATIO

An OFDM signal on N subcarriers can be represented as

x(t) =
1√
N

N−1∑
k=0

X[k]ej2πfkt, 0 ≤ t ≤ Ts (1)

where TS is duration of the OFDM signal and fk = k
Ts

.
The high PAPR of OFDM signal arises from the summation
in the above IDFT expression. The PAPR of OFDM signal in
analog domain can be represented as

PAPRc =
max0≤t≤Ts

|x(t)|2
E(|x(t)|2) (2)

Nonlinear distortion in HPA occurs in the analog domain, but
most of the signal processing for PAPR reduction occurs in
the digital domain. The PAPR of digital domain is not neces-
sarily the same as the PAPR in the analog domain. However,
in some literature [5] , it is shown that one can closely ap-
proximate PAPR in the analog domain by oversampling the
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Fig. 1. Block diagram of the PTS scheme

signal in the digital domain. Usually, an oversampling factor
L = 4 is sufficient to satisfactorily approximate the PAPR
in the analog domain. For these reasons, in this paper, we
express PAPR of the OFDM signal as follows.

PAPR =
max0≤n≤LN |x(n)|2

E(|x(n)|2) (3)

3. EXISTING PTS TECHNIQUES

The PTS technique is a powerful PAPR reduction technique
first proposed in [3]. Thereafter various related papers were
published. In this section, we show two representative PTS
techniques, the original PTS technique and Cimini and Sol-
lenberger’s iterative flipping technique.

3.1. Ordinary PTS technique

The block diagram of the PTS technique is shown in Fig.1.
The algorithm of the original PTS technique can be explained
as follows. First, the subcarrier vector is partitioned into M
disjoint subblocks which can be represented as

Xm = [Xm,0, Xm,1, · · · , Xm,N−1]T , m = 1, 2, · · · , M
(4)

All the subcarrier positions which are presented in another
block must be zero so that the sum of all the subblocks con-
stitute the original signal, i.e,

M∑
m=1

Xm = X (5)

Each subblock is converted through IDFT into an OFDM sig-
nal xm with oversampling, which can be represented as

xm = [xm,0, xm,1, · · · , xm,NL−1]T , m = 1, 2, · · · , M
(6)

where L is the oversampling factor. After that, each subblock
is multiplied by a different phase factor bm to reduce PAPR
of the OFDM signal. The phase set can be represented as

P = {ej2πw/W |w = 0, 1, · · · , W − 1} (7)

Because of the high complexity of the PTS technique, one
generally uses only a few phase factors. The choice bm ∈

{±1, ±j} is very interesting since actually no multiplication
is performed to rotate the phase [6]. The peak value optimiza-
tion block in Fig.1 iteratively searches the optimum phase se-
quence which shows minimum PAPR. Finding the optimum
phase sequence is usually needs a lot of computational power.
After finding the optimum phase sequence which minimize
PAPR of the OFDM signal, all the subblocks are summed as
in the last block of Fig.1 with multiplication of the optimum
phase sequence. Then, the transmit sequence can be repre-
sented as

x
′
(b)=[x1, x2, · · · , xM]

⎡
⎢⎢⎢⎣

b1

b2

...
bM

⎤
⎥⎥⎥⎦

=
M∑

m=1
bm · xm

(8)

3.2. Iterative flipping PTS technique

Cimini and Sollenberger’s iterative flipping technique is de-
veloped as a sub-optimum technique for PTS. In their original
paper [4], they only use binary weighting factors. The algo-
rithm is as follows. After dividing the data block into M dis-
joint subblocks, one assumes that bm = 1, (m = 1, 2, · · ·M)
for all of subblocks and calculate PAPR of the signal. Then
change the sign of the first subblock phase factor from 1 to
-1 (b1 = −1), and calculate the PAPR of the signal again. If
PAPR of the previously calculated signal is larger than that
of the current signal, keep b1 = −1. Otherwise, revert to the
previous phase factor, b1 = 1. One performs this procedure it-
eratively until the end of subblocks (M th subblock and phase
factor bM ). A similar technique was also proposed by Jay-
alath and Tellambura [7]. The difference in the Jayalath and
Tellambura’s technique and that of Cimini and Sollenberger is
that, in the former, the flipping procedure does not necessarily
go to the end of subblocks (M th block). To reduce complex-
ity, the flipping can be stopped at the middle of the procedure
if one gets the desired PAPR signal during the procedure.

4. THE NEW PTS TECHNIQUE BASED ON A TREE
ALGORITHM

In this section, we introduce a novel PTS technique using a
tree algorithm. In Cimini and Sollenberger’s iterative flip-
ping algorithm, even if we choose a phase factor which shows
minimum PAPR in the first subbolck, that is not necessarily
true when we reach the second or M th subblock. That is, if
we choose another phase factor in the first subblock which
does not have minimum PAPR, rather than choose a phase
factor which shows minimum PAPR, it is also possible that
the PAPR of the signal would be smaller in the second or
M th subblock. For this reason, we should keep more in-
formation rather than discard the information which does not
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Fig. 2. Tree Structure of the proposed algorithm

show minimum PAPR at the current subblock. If we keep all
of information until the end subblock, that would be the case
of the ordinary PTS. If we only keep the one which shows
minimum PAPR at each subblcok, that would be the case of
Cimini and Sollenberger’s iterative flipping algorithm. The
important point to note is that the more information we keep,
the better performance we get but with higher complexity. As
a compromise between these two extremes, we introduce two
new adjustable parameters, which we call S and T . Our algo-
rithm is based on the following.

1. Instead of keeping all of PAPRs and phase information,
we keep S of PAPRs and phase information in each
subblock where 1 ≤ S ≤ W .

2. Instead of keeping information until at the end of the
subblock, we keep until T th subblocks and continue
iteratively where 1 ≤ T ≤ M .

Each node has its own signal x(bij) and corresponding PAPR
as in Fig.2. After the depth T , we choose the signal which
has minimum PAPR and back to their (T − 1)th parent node.
Then discard unrelated nodes and continue until the end of
subblocks. The detailed steps of the new algorithm are as
follows.

1. After signal mapping and change of the data from se-
rial to parallel, partition the one OFDM block into M
disjoint subblocks.

2. Perform zero padding with a factor of L and IDFT.

3. Set initial phase sequence as b = {1, 1, · · · , 1}.
4. Multiply different W phase factors to the first/ current

data subblocks and measure PAPRs of each signal.

5. Choose S phase factors which show low PAPRs of sig-
nals among W phase factors and discard the rest.

6. Using each S phase factors, from each chosen node,
iterate from step 4 to 5 and do this procedure until reach
T th subblock.

7. At the depth of T , choose the minimum PAPR signal
and phase sequence.

8. Back to the (T−1)th parent node, make a final decision
for the (T − 1)th parent node, and keep corresponding
child nodes, and discard the others.

9. Set chosen node as a new root node and repeat the pro-
cedure until at the end of subblock.

We used similar tree structure to improve the efficiency of the
V-BLAST detection algorithm at the receiver [8] [9]. How-
ever, the advantage of using this flexible low complexity tree
algorithm at the transmitter, as done here, is that we can change
parameters depending on input signals. That is, it is difficult
to get the exact original signal at the receiver because of noise
or fading effects. This limits flexibility of tree algorithm us-
age at the receiver. However, at the transmitter, we always
know the original input signal, and also the PAPR of the sig-
nal. Depending on the variation of PAPR, we can adjust pa-
rameters so that we get high performance with low complex-
ity, as proposed in this paper.

5. SIMULATION RESULTS AND DISCUSSIONS

In this section, we present simulation results as well as related
discussion about the results. We use 16 QAM with N = 64
subcarriers and choose W = 4 (bm ∈ {±1, ±j}). We di-
vide one OFDM block as M = 4 disjoint subblocks with
each subblock has adjacent N/M subcarriers for simplicity.
The signal was oversampled by a factor of L = 4 for es-
timate of the PAPR of analog domain. Fig.3 shows perfor-
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Fig. 3. Performance of the proposed algorithm with increas-
ing S and fixing T = 2, N = 64, W = 4, M = 4

mance of the proposed algorithm with increasing S and fixing
T = 2. Without any PAPR reduction technique, the PAPR of
OFDM signal exceeds 10.5 dB at the 0.1% of complemen-
tary cumulative distribution function (or clipping probabil-
ity, Pr(PAPR > PAPR0) ). From the simulation result,
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Fig. 4. Performance comparison between the proposed algo-
rithm (S = 4, T = 2) and ordinary PTS.

Table 1. Comparison of the number of iterations between
ordinary PTS and T-PTS with increase S and fixing T , when
M = 4, W = 4

Number of iterations

T-PTS, S = 1, T = 2 13
T-PTS, S = 2, T = 2 22
T-PTS, S = 3, T = 2 31
T-PTS, S = 4, T = 2 40

Ordinary PTS 64

we can see that our reduced complexity tree algorithm can
improve PAPR of OFDM signal around 3 dB at the 0.1%
of clipping probability with M = 4. Fig.4. presents the
performance difference between ordinary PTS and proposed
Tree(T)-PTS with S = 4, T = 2. As we can see in this sim-
ulation result, there is only around 0.2 dB difference at 0.1%
of clipping probability.
Table 1 provides comparison of complexity. In this paper,
we assume complexity is only dependent on the number of
iterations. Compared with ordinary PTS technique, we get
very close performance (within 0.2dB to 0.8 dB difference)
with around 20% to 60% less computational complexity. This
complexity reduction will be greatly improved if we increase
the number of subblocks. More detailed and complete sim-
ulation results / analysis will be provided in a journal paper
[10].

6. CONCLUSION

In this paper, we proposed a low complexity PTS technique
using a new tree algorithm. This T-PTS (Tree-PTS) tech-
nique has some adjustable parameters which one can choose

depending on circumstances. That is, its flexibility and low
complexity makes it easy to adapt to any kind of environ-
ment. Simulation results show that the proposed technique
gives very good performance with significantly low complex-
ity.
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