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Abstract: Orthogonal Frequency Division Multiplexing (OFDM) while being an efficient scheme
for high data rate wireless communications has drawbacks such as higher Peak-to-Average Power
Ratio (PAPR). To reduce PAPR, use of multiple signal representation technique such as Partial
Transmit Sequence (PTS) is one of the favored techniques. However, the use of conventional PTS
technique need excessive number of complex calculations in order to search for all permissible
combinations of phase sequences causing steep increase in complexity in terms of complex
computations. Paper aims to reduce the cumbersome process of phase selection by making use of
the similarity of the phase vectors. The phase vectors are obtained sequentially and thus minimize
the number of changes from one phase vector to another. Theoretical analysis shows that
computational complexity is significantly reduced with the help of this proposed novel technique.
We have also demonstrated that PAPR values are similar i.e. PAPR reduction capability remains
similar but at reduced complexity.
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1. Introduction

The Orthogonal Frequency Division Multiplexing (OFDM) is a digital modulation method that
splits a channel into larger set of narrow parallel sub-channels. Hence, it uses multiple-carriers for
high rate data transmission. As the information is spread over the entire OFDM symbol duration,
there is a greater tolerance to multipath fading and interference [1]-[2]. Moreover, efficient
utilization of the spectrum makes OFDM a widely used technique. The bandwidth efficiency and
reliability of the transmission system are further enhanced when MIMO-OFDM techniques are
combined.

However, at the OFDM transmitter, high peak-to-average power ratio (PAPR) may be
generated due to summation of subcarriers. When an OFDM signal with such high peaks is
processed through a device with nonlinear characteristics e.g. a High Power Amplifier (HPA), due to
harmonic generation signal distortion and takes place. Thus, HPA present at the OFDM transmitter
needs to have a large input back off but that limits its efficiency. Methods [3] such as clipping [4],
coding [5], probabilistic (scrambling) technique [6]-[11], pre-distortion and DFT-spreading among
others have been adopted for the sake of reducing the PAPR in the OFDM systems. Probabilistic
techniques are one of the most widely used of these methods. It can be implemented with the help of
selected mapping (SLM) [8]-[10], partial transmit sequences (PTS), constellation extension, tone
reservation-tone injection are the major techniques. In case of the conventional PTS (CPTS) scheme,
input data is divided into several separate sub-blocks [11]. The Inverse Fast Fourier Transforms
(IFFT) of all these sub blocks are then obtained and multiplied by phase rotation factors. Following
this, they are optimally combined to form an OFDM signal with lower peaks or PAPR. However,
with the use of the PTS scheme, there is an added complexity of searching for the optimal sequence
that increases with the number of sub-blocks. Also, to ensure that correct the OFDM signal is
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recovered at the transmitter, additional information called side information is to be sent along with
the data and is an overhead.

In this paper, we will deal with the issue of complexity in PTS. Hence, we need to devise a
feasible method which would reduce the computations and hence decrease the complexity of the
system making it more efficient. Several low complexity PTS techniques have been suggested
[12]-[22]. Some of these like [13],[16] consider a preset threshold value of PAPR to decide a sequence
for decreasing complexity. However, consideration of threshold leads to sub-optimal sequences.
Moreover, most of these techniques give a significant reduction in multiplicative operations while
the reduction in the number of computations for additive operations is not as significant. The
proposed scheme gives significant reduction in both aspects of computational complexity utilizing
the likeness of the candidate signals to sequentially obtain one from the other.

2. Peak to Average Power Ratio and Multiple Signal Representation Techniques

Being a multicarrier system OFDM is highly prone to large envelope variations leading to high
peak to average power ratio. Peak to average power ratio is the ration peak power of the OFDM
signal to the average power of the carrier. When PAPR is on the higher side it creates distortion
when pass through a device with nonlinear I/O characteristic e.g. a high power amplifier. Multiple
signal representation technique are one of the widely employed distortion less technique where data
is divided in to sub blocks or scrambles and phase shifted using different combinations of phase
vector, thus generating several OFDM symbols for same data set the one with the minimum power
value will be used for transmission. Selective mapping and partial transmit sequence techniques are
two such techniques. Partial transmit technique requires less number of complex arithmetic so used
widely for many applications. Figure 1 shows various functional blocks of a PTS system.
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Figure 1. Typical functional blocks of PTS

The phase factor combination which rotates the existing constellation is selected in a manner that

) o))

Where V represents sub-blocks with W phase weights, total numbers of permutations of phase
weights which need to be analyzed are WV, since for the first sub block rotating phase factor is
always fixed as 1. For W phase weights, W¥! combinations are analyzed to get the candidate with
least PAPR value. In generation of each sequence V-1 complex additions and same number of
multiplication takes place. So total number of complex additions and multiplication can be given

by:

PAPR of transmitted OFDM signal x” is minimum.
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Complex additions = (V —1).W V=1 and Complex multiplications = (V =) 1 2)

E.g. for subblocks (V=4) and W=2 (+1 and -1 or 0 representing 180° shift ), the phase sequences
would be b1, bz, bs, bs, since b: is always 1, rest of the phase factors bz,bs,bs  will have 8= 23= WV!
possible permutations, given in Table 1:

Table 1 Phase factor combinations for W=2 and V=4

b, +1 +1 +1 +1 -1/0 -1/0 -1/0 -1/0
b; +1 +1 -1/0 -1/0 +1 +1 -1/0 -1/0
bs +1 -1/0 +1 -1/0 +1 -1/0 +1 -1/0

3. Proposed Low Complexity PTS Scheme and Its Analysis with Results

In this scheme we consider W=2 so that the possible values of phase weighting factors are
represented by the set {1, -1}. It is assumed that the phase weight for the first sub-block E: is always
constant at +1. Therefore, it remains unchanged in all possible candidates. Considering sub-blocks
sizes, V=4 for W=2, the following candidate signals are to be obtained:

E +E,+E,+E,
E +E,+E,—E,
E +E,—E, +E,
E +E,-E, —E,
E —E,+E, +E,
E —E,+E,—E,
E —E,-E, +E,
E —E,-E,—E,

The number of computations required, according to the above equations, for varying values of
Vis shown in Table 2.

Table 2: Number of computations required in Conventional PTS for W=2

No. of computations for W=2
No. of sub-blocks | Additions | Multiplications
V=4 24 24
V=5 64 64
V=6 160 160
V=7 384 384
V=8 896 896

By simple observation, it can be inferred that the signals do not differ significantly. They can be
arranged in such an order that they differ by only one phase factor:

E+E,+E, +E,

E+E,+E,—-E,

E+E,-E,—-E,

E+E,-E,+E,
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E-E,-E, +E,

E-E,-E,-E,

E-E,+E,—-E,

E-E,+E,+E,

By using simple mathematics, it can be determined that successive candidate signals arranged
in the above order, differ only by certain fixed signals called difference signals:

D, =-2E,

Number of Multiplications = 1

D, =-2F,

Number of Multiplications = 1

D, =-2F,

Number of Multiplications = 1

In the proposed scheme, instead of computing each and every signal, we make use of these
pre-calculated D2, Ds and D« to obtain the candidates signals by ensuring that there is only one
change of phase factors between two successive candidate signals. To begin with, the first candidate
signal is calculated such:

S, =A=FE +E,+E, +E,

Number of Additions =3, Number of Multiplications =3

Now, subsequent signals are calculated, one from another, as they differ by only one term and
the addition of a difference signal to the current candidate signal gives the next candidate signal.

S,=4A+D,=E +E,+E,-E,

Number of Additions =1, Number of Multiplications = 0

S,=8,+D,=E +E,-E,-E,

Number of Additions = 1, Number of Multiplications =0

S,=8,-D,=E +E,-E,+E,

Number of Additions =1, Number of Multiplications =0

S.=8,+D,=E —-E,-E,+E,

Number of Additions =1, Number of Multiplications = 0

Se=8S+D,=E -E,-E,-E,

Number of Additions =1, Number of Multiplications =0

S, =8S-D,=E —-E,+E,-E,

Number of Additions = 1, Number of Multiplications =0

Sg=8,-D,=E -E,+E,+E,

Number of Additions = 1, Number of Multiplications =0

Therefore, total number of additions=10 while the total number of multiplications=6.

A measure of reduction of computational complexity is Computational Complexity Reduction
Ratio (CCRR), is evaluated using following expression:

no. of computations in proposed scheme %100
no. of computations in conventional PTS

CCRR = {1 -
For V=4, the CCRR calculated is:

CCRR, = {1 —%}XIOO =58.33%

CCrRR, =1-2 U100 = 75%
24
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here CCRR+and CCRR« represent complexity reduction due to proposed scheme with respect to
conventional PTS scheme in terms of addition and multiplication respectively.
Similarly, for V=5, we have the following difference signals:

D, =-2F,
Number of Multiplications = 1
D, =-2F,
Number of Multiplications = 1
D, =-2E,
Number of Multiplications = 1
D, =-2FE,

Number of Multiplications = 1

Subsequently, the following candidate signals are obtained sequentially with the phase vectors
following the simple rule that there is only one change of phase factors between two successive
candidate signals

S,=A=E +E,+E,+E, +E;

Number of Additions =4, Number of Multiplications = 4
S,=A+D;=E +E,+E,+E, - E,

Number of Additions =1, Number of Multiplications =0
S,=S8,+D,=E +E,+E,-E, - E,

Number of Additions = 1, Number of Multiplications =0
S,=8,-D;=E +E,+E,-E, +E

Number of Additions =1, Number of Multiplications =0
S;=S8,+D,=E +E,-E,—E, +E.

Number of Additions =1, Number of Multiplications =0
S¢=S+D,=FE +E,-FE,-F, - E|

Number of Additions =1, Number of Multiplications =0
S, =8-D,=E +E,-E,+E,—-E;

Number of Additions = 1, Number of Multiplications =0
Se=8,-D;=E +E,-E,+E, +E|

Number of Additions = 1, Number of Multiplications =0
Sg=8+D,=E —-E,-E,+E, +E,

Number of Additions =1, Number of Multiplications =0
So=8+D,=E,—-E,-E,+E,-E;

Number of Additions =1, Number of Multiplications = 0
Sy =8 +D,=E ~E, - E;—E, — E;

Number of Additions =1, Number of Multiplications =0
Sp=8,-Ds=E ~E,—E;—E, +E

Number of Additions = 1, Number of Multiplications =0
S,=8,-D,=E -E,+E,-E, +E|

Number of Additions =1, Number of Multiplications =0
Sy =8;+Ds =E ~-E,+E,—E, - E

Number of Additions =1, Number of Multiplications = 0
Ss=8,-D,=E -E,+E,.+E,—E;

Number of Additions =1, Number of Multiplications =0
Se=8:s—-D;=E —-E,+E,+E,+E,
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Number of Additions =1, Number of Multiplications = 0
Here, total number of additions=19 and total number of multiplications=8.
Hence, for V=5 we have

CCRR, = {1—163}><100 =70.31%

CCRR, = {1 - %}XIOO =87.5%

The same method is applied for V=6. So, we have the following difference signals and
subsequent candidate signals, as obtained from the difference signals:

D, =-2F,
Number of Multiplications = 1
D, =-2F,
Number of Multiplications =1
D, =-2E,
Number of Multiplications = 1
D, =-2FE;
Number of Multiplications = 1
D, =-2E

Number of Multiplications =1

S\ =A=E +E,+E,+E,+E,+E

Number of Additions =5, Number of Multiplications =5
S,=8,+D;=E +E,+E,.+E,+E,-E;

Number of Additions =1, Number of Multiplications =0
S,=8,+D;=E +E,+E,+E,-E,-E
Number of Additions =1, Number of Multiplications =0

Sy=8-Ds=E —-E,+E,+E,+E,—E
Number of Additions =1, Number of Multiplications = 0
§S,=8,-Dy=E —-E,+E,+E,+E,+E
Number of Additions = 1, Number of Multiplications =0

Here, total number of additions=36 and total number of multiplications=10.
Hence, for V=6 we have

CCRR, = l—i x100 =77.5%
160

ccrr. =11-29 1100 =93.75%
160

These values can be calculated for any value of V when W=2. It is inferred that the in proposed
scheme the complex computations can be determined using following expressions:

No. of additions = (WV’1 - 1)+ V-1)=w""+v-2

No. of multiplications =2x(V 1)

Table 3 shows the values of CCRR for varying values of V when W=2.
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Table 3: CCRR values for varying values of V when W=2

7 of 9

CCRR for W=2
Sub-blocks CCRR- CCRRx
V=4 58.33% 75%
V=5 70.31% 87.5%
V=6 77.5% 93.75%
V=7 82.03% 96.87%
V=8 85.04% 98.4%

The scheme proposed here reduces computational complexity as indicated by CCRR for
complex additions as well as multiplications, with keeping the number of candidate signal
unchanged. When CCRR is compared with what evaluated in [22] the CCRRx achieved is just 50%,
wherever in [23] CCRRx value of 85% is achieved for the sub-block size V=8 which is much less than
98.4 % achieved in our scheme. Similarly in [24], [25] and [26] maximum reduction of 98% is
achieved for the block size of V=16 which is bit difficult to implement than V=8 for similar values of
CCRR. However in literature more emphasis is given on CCCRRx, however in our paper the CCRR+
reduction is of similar order as in CCRRx. Above all while implementing the proposed scheme for
sake of the reducing computational complexity the PAPR reduction capability of PTS remains intact
as shown in the Figure 2 as all the CCDF (complementary cumulative distribution function) are
overlapping.

——— OFDM without PTS
—o— OFDM-PTS For =4
OFDM-PTS For v=5
—+— OFDM-PTS For v=6
OFDM-PTS For v=7
—— OFDM-PTS For v=8
—e— Proposed- PTS For v=4
Prposed- PTS For \=5
—— Proposed-PTS For v=6
—F— Proposed- PTS For v=7
Proposed-PTS For v=8

PAPR (dB)

Figure 2. PAPR performance comparison of OFDM, OFDM-PTS and proposed PTS scheme.
4. Conclusion

Being most preferred method for high rate transmission OFDM suffers from high PAPR issues
and PTS is the most effective solution for it. Proposed scheme offers encouraging reduction when
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computational complexity is concerned in PTS technique. The reduction in complex multiplication is
as high as 98.4% and in complex additions almost 85 % which would lead to an effective PTS with
low complexity and PAPR reduction is similar to convention PTS scheme.
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