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Abstract: To obtain good trade-offs between complexity and performance on peak-to-average power ratio

(PAPR) reduction in orthogonal frequency division multiplexing (OFDM) using partial transmitting sequence

(PTS) schemes, a trellis structure based PTS factor search method is proposed. The trellis search is with a

variant constraint length L., 1 <L <V -1, where V is the number of PTS subblocks. The method is to decide a

PTS factor by searching all the possible paths obtained by varying L. consecutive factors. The trellis search can

be viewed as a general PTS factor search model. If L. =V -1, it is a full search, and if L. =1, it is an iterative

search. Using different constraint lengths, trellis factor search PTS exhibits different PAPR reduction

performances. A larger L. results in a better performance and L. = V —1 results in the optimum. However, a

larger L. requires more computation. This helps to choose a good trade-off between complexity and

performance.
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Orthogonal
(OFDM) systems have distinct advantages over single-

frequency-division ~ multiplexing
carrier systems in nonideal channels. However, the
transmitted signals in OFDM exhibit a property of high
peak-to-average power ratio (PAPR)'". This results in
some clipping distortion caused by the nonlinear power
amplifier, and the system performance is degraded.

Many algorithms have been proposed to reduce
the PAPR, e. g., selected mapping ( SLM)', partial
transmitting sequence ( PTS)"', coding'"’, and digital
clipping"”'. The PTS is one of the methods that does
not result in additional distortion and it is a relatively
practical scheme for the solution of the PAPR prob-
lem.

The principle of the PTS is to partition the input
subcarrier block into some pairwise disjoint subblocks,
to modulate each subblock respectively, and to combine
the modulated signals into a signal with a low PAPR
result for transmission. For the same subblock number
and the same weighting factor set for signal combina-
tion, the performance of PTS for PAPR reduction is
largely dependent on factor search methods. Among all
the factor selections, the optimization of the factors ob-
tained by a full search results in the best performance,
but the complexity of the full search is the highest and
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sometimes the complexity even makes the search im-
possible. Some suboptimum solutions, such as the itera-
tive method and the random try method in Ref. [6], re-
sult in some performance degradation, but the complex-
ities of their implementation are relatively low.

In this paper a trellis PTS factor search method is
proposed and its performance is investigated. The trellis
PTS factor search can be viewed as a general PTS fac-
tor search model that includes the full search and the
iterative search methods. Using the trellis method with
a variable constraint length, we can find a good trade-
off between the performance in PAPR reduction and
the complexity in factor selection.

1 PTS Method

The principle structure of PTS method is shown
in Fig. 1 as that in Ref. [6].
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Fig.1 Partial transmit sequence approach

In the PTS approach'”, the information bearing
subcarrier block X is partitioned into V pairwise dis-
joint subblocks or clusters X", v=1,2,.., V. Al
subcarrier positions in X" that are already represented
in another subblock are set to zero. For a system with
N subcarriers, each subblock can be looked at as a
block length N with data in its assigned subcarriers



124 Wu Bingyang, and Cheng Shixin

and zeros in the other subcarriers. Mathematically, this
14

is X = 2 X"”. An LN-point inverse fast Fourier
v=1

transform ( IFFT) is performed on each subblock,
where L is an oversampling factor.

Then, a weighting factor vector b = {b“), b,
..., b} is introduced to combine the V modulated

subblocks, and the combined result is
\4

x = Y px" (1)

v=1
where vector x” is the modulated version of X' . The
objective of the PTS method is to choose a vector b to

reduce the PAPR of x, and the optimum parameters
for an MC or OFDM symbol are given by
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The factors {b" } are assumed to be pure rota-

tions denoted as

b =exp{je"” ) (3)
which can be selected from an infinite number of
phase ¢. Simulations indicate that a restriction to four
rotation angles already allows a significantly reduced
peak power!”, and the set { 1, +j}is often used for
the factor restriction for its easy implementation. It is
reported in Ref. [ 7] that employing optimal binary
phase sequences ( OBPS), in which the phases are
quantized to { +1}, shows a satisfactory PAPR reduc-
tion.

For a given subblock number V and a given
phase set restricted to W angles, the optimum solu-
tion, i. e. , the best performance of the PTS for PAPR
reduction, can be reached by using a full search meth-
od. However, the computational complexity C for the
optimization is related as

c=w""' (4)
which is exponential to the subblock number and is
the highest in all the factor search schemes. In Eq. (4)
the exponent being V — 1 arises from the fact that the
first bit can be fixed without any performance loss.
For a large number of subblocks, the computational
burden makes the full search unsuitable.

Several methods have been suggested to reduce
this complexity issue with suboptimum solutions, such
as the iterative algorithm and the random try meth-
od'”, the amplitude cancellation method', the or-
thogonal projection-based approach'”’, the 2-layered
scheme"”, and the adaptive PTS'™", and all of these
methods are to find good trade-offs between the per-
formance and the complexity. The iterative algorithm
is relative simple, which is to reduce the number of

trials needed to find a set of phase rotation factors for
a relatively low PAPR by using a flipping and trying
method bit by bit. The iterative method shows some
performance degradation compared to the optimum
and the complexity is linear to the subblock number.

In the following, a new trellis factor search meth-
od for the optimization of PTS is proposed. By using a
variable constraint length, the trellis search supplies
optimum and some suboptimum solutions of a PTS
problem.

2 Trellis Factor Search

To find a good trade-off between the PTS per-
formance on PAPR reduction and the complexity in
the process of PTS phase factor selection, we propose
a trellis search method for PTS factor optimization
taking advantage of trellis structures.

2.1 Trellis structure

Two examples of the trellis search are based on
the structures illustrated in Fig. 2. The nodes in each
line indicate all the phase factors b'", b, ..., b,
and the nodes in each column denote W possible val-
ues, {1, e, ..., ™"V e g, {1, -1} for W
=2 and {1,j, -1, —j} for W =4, of a factor. The
trellis search is like the Viterbi decoding method for
convolutional codes. The difference is that the criteri-
on for this trellis search is not a distance or a posterior
probability as in Viterbi decoding but the resulted
peak power of a selected path. The included factors in
the dashed frames of Fig. 2 are like the detection delay
in a Viterbi process, and we call the number of includ-
ed factors in each frame constraint length and denote
it as L. It can be seen that, as two examples, the con-
straint lengths in the figure are three.
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Fig.2 Trellis search for PTS factor optimization.
(a) W=2;(b)W=4
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2.2 Trellis search process

A trellis search PTS with V subblocks and con-
straint length L. is implemented by the following
steps:

(D Perform V oversampling IFFT operations on
the V subblocks.

(@ Set all the phase factors to 1’s and compute
the peak power of the combined signal. Retain 5'" as
the final value.

@ Make a full search on »® and the following
successive L. — 1 factors, maintaining the other V - L.
factors simultaneously, and recompute peak powers of
combined signals resulting from these W' — 1 new
factor sequences respectively. In each computation,
compare the present peak power result with the previ-
ous value, discard the higher one and the correspond-
ing sequence, and memorize the sequence with the
lower peak power and its peak power value. The se-
quence with the lowest peak power of the W paths is
obtained, where the paths include the retained path be-
fore the full search. Retain 5'* as the decided value.

@ Decide b by performing the same process as
in step ®.

(5 Continue the process in this shape until all the
factors are decided.

In the above process, we let the first factor b»'" be
1 always, which results in no performance loss for a
full search. Fig. 2 illustrates the process of step @) to
decide b . After all the factors are decided, the com-
bined signal appending with the factor sequence infor-
mation is transmitted, and the transmitted signal will
exhibit a relatively low peak power.

2.3 Complexity of trellis search for PTS

The computational complexity of a trellis search
method C;, with constraint length L., V subblocks,
and W possible factor values is given by

Cro=(W,.-1)(V-Lo) +1 (5)

It is clear that the complexity coincides with that
of the full search when L. =V -1 and the V -1 step
iterative method when L. =1.

2.4 Universality of trellis search

The trellis search method can be looked as a unit
representation of PTS factor search including the full
search optimization and the iterative method. For a
PTS approach with V subblocks, if the trellis search is
with constraint length V -1, it is a full search, and if it
is with constraint length 1, it is a V — 1 step iterative
method. The relationship between the trellis search,
the full search and the iterative method can be seen
clearly from Fig. 3, where the frames denote the feasi-

ble space of the optimization problem for PTS and the
width of the arrows in these frames denotes the con-
straint length in the factor search.
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Fig.3 Relationship illustration of trellis search, full
search and iterative method for PTS

3 Performance of Trellis Factor Search PTS

Fig. 4 illustrates some performances of the PTS
method in PAPR reduction for OFDM using trellis
search with variant constraint length L.’s. The results
are obtained by simulations. The simulated OFDM
system is with N =64 subcarriers and QPSK modula-
tion. Eight subblocks and W =2 is used for the PTS
method in the simulation. As comparisons, the per-
formance of full search PTS, i. e., the optimum PTS
result, and the performance of iterative PTS are also
shown in the figure. The PAPR reduction perform-
ances in the figure are indicated by a statistical proper-
ty, saying complementary cumulative distribution
function (CCDF), of PAPR of the baseband transmit-
ted OFDM signals, where the CCDF of PAPR in y de-
notes the probability that PAPR is larger than y and,
generally, y is a value in dB.
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Fig.4 PTS performance using trellis search with con-
straint length L.(N =64, QPSK, V=8, W=2)

It can be seen that when the constraint length L.
increases, the performance of peak power depression
improves. In the case of L. =1 the trellis search re-
sults in the same performance as a 7-step iterative
method, and in the case of L. =7 the trellis search re-
sults in the same performance as the full search. These
results are expected. For each unit increase of the con-
straint length, the first one supplies the largest gain,
and the following increased constraints supply decrea-
sing gains. At the level of CCDF being 1%, as an ex-
ample, when L. =1, which is actually a 7-step itera-
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tive search, the PAPR is 2. 7 dB lower than the origi-
nal input, and from L. =2 to L. =7 the performance
gains are about 0. 28, 0.26, 0.20, 0.16, 0. 13, and
0.07 dB per constraint length increase respectively.
All the performances of the trellis search PTS with va-
riant constraint lengths are in the gap between the op-
timum performance and the iterative PTS. This sup-
plies many selections of trade-offs between the per-
formance of the PTS and its complexity.

4 Conclusion

The PTS method can reduce peak power of
OFDM signals effectively, and the main burden in
PTS is the factor optimization for the lowest PAPR of
the transmitted signals. All the suboptimum PTS meth-
ods are to find good trade-offs between the perform-
ance of PTS in PAPR reduction and the complexity in
factor search. The proposed trellis factor search meth-
od with a variable constraint length provides many
trade-offs of PTS performance and complexity. We
can select a proper constraint length according to the
performance need of a system and the complexity of
its implementation. The trellis factor search is also a
unit model, which includes the full search and the iter-
ative method for PTS.
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