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Abstract— Orthogonal Frequency Division Multiplexing 

(OFDM) is an efficient transmission technique for high data 

rate communication systems. The major problem of OFDM 

system is Peak to Average Power Ratio (PAPR) which 

reduces the efficiency of the system and increases the 

system complexity. In this paper, the two different 

techniques are combined together, so as to give the effective 

reduction in PAPR for OFDM, namely, DFT spreading and 

Two Piece-wise Companding (TPWC). DFT spread OFDM 

(DFTS-OFDM) has been selected as the uplink transmission 

scheme for long-term 3G evolution (LTE) and TPWC 

transform can provide significant PAPR reduction with low 

computational complexity, which is similar to other existing 

linear transforms. TPWC is proposed so as to compress 

large signal amplitudes and expand small ones with two 

different linear functions. 
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I. INTRODUCTION 

Orthogonal frequency division multiplexing (OFDM) has 

gained interest for high-data-rate wireless communications, 

due to its high spectral efficiency and robustness to 

frequency selective fading. On the other hand, OFDM 

suffers from large envelope fluctuation of the transmitted 

signal, which may occasionally produce a high peak-to-

average power ration (PAPR). The high PAPR requires a 

large dynamic range of both the digital-to-analog (D/A) and 

analog-to-digital (A/D) converters to cope with the worst-

case signal peaks. The high PAPR also requires a wide 

linear range of the power amplifier (PA) to counteract a 

nonlinear distortion. Both requirements could cause 

efficiency problems and would be impractical for most 

applications. In order to solve these problems, several PAPR 

reduction techniques have been proposed over the years, 

such as clipping [5], block coding [6], multiple signal 

representation [7],[8], tone reservation and injection [10], 

DFT spreading [1] and companding transform [9]. Here, 

clipping is the simplest technique. However, it causes 

significant in-band distortion (IBD) and increases out-of-

band radiation (OBR). 

DFT-spread OFDM (DFTS-OFDM) is a 

transmission scheme that can combine the desired properties 

for uplink transmission i.e.; small variations in the 

instantaneous power of the transmitted signal (‗single 

carrier‘ property), possibility for low-complexity high-

quality equalization in the frequency domain, possibility for 

FDMA with flexible bandwidth assignment. Due to these 

properties, DFTS-OFDM has been selected as the uplink 

transmission scheme for LTE, which is the long-term 3G 

evolution. Because of the ‗single carrier‘ property, it is also 

known as single carrier FDMA (SC-FDMA) system. As in 

OFDMA, the transmitters in an SC-FDMA system use 

different orthogonal frequencies (subcarriers) to transmit 

information symbols. However, they transmit the subcarriers 

sequentially, rather than in parallel. Relative to OFDMA, 

this arrangement reduces considerably the envelope 

fluctuations in the transmitted waveform. Therefore, SC-

FDMA signals have inherently lower PAPR than OFDMA 

signals. 

 

Fig. 1: Transmitter structures of DFTS-OFDMA system 

with companding transform technique. 

Companding transform is also a simple method, 

which recesses the OFDM signals directly. A μ-law 

companding transform [11], whose idea came from the use 

of companding in speech processing. In μ-law transform, the 
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PAPR was reduced by increasing the average signal power 

while keeping the peak power unchanged. However, under 

certain system constraints, the PAPR reduction was limited. 

In [12], four typical linear and nonlinear companding 

transforms were investigated, where a linear 

nonsymmetrical transform (LNST) was the best in terms of 

both the PAPR reduction and BER performances. In the 

LNST, small and large signal amplitudes were linearly 

transformed with different scales, which were achieved by 

introducing an inflexion point. An important nonlinear 

companding transform was proposed in [13], named 

Exponential Companding (EC) transform, where an original 

Gaussian-distributed OFDM signal was transformed into a 

uniform-distributed signal. Especially, the input and output 

of the EC transform were kept at the same average power 

level. However, compared to the LNST, more complex 

computation was required. Moreover, the impact of filtering 

out the OBR in companding transforms, which had been 

neglected in the earlier reports. In the TPWC transform, 

similarly to the LNST, small signal amplitudes are linearly 

transformed only with a scale and, differently to the LNST, 

large amplitudes are linearly transformed not only with a 

scale but also with a shift. There exist no inflexion points in 

the resulting profile. By choosing carefully the two scales 

and the shift, a good PAPR reduction performance can be 

achieved with low computational complexity can be realized 

without changing the average power level. 

II. SYSTEM MODEL 

At the input to the transmitter, shown in Figure 1, a 

baseband modulator transforms the binary input to a 

multilevel sequence of complex numbers xn in one of several 

possible modulation formats including binary phase shift 

keying (BPSK), quaternary PSK (QPSK), 16-level 

quadrature amplitude modulation (16-QAM) and 64-QAM. 

The system adapts the modulation format, and thereby the 

transmission bit rate, to match the current channel 

conditions of each terminal. The transmitter next groups the 

modulation symbols, xn into blocks each containing N 

symbols. The OFDM samples suffers from large amplitude 

fluctuation, which can be measured by the PAPR, defined as 

follows 

   (1) 

Note that the PAPR is a random variable, whose 

performance can be evaluated by its complement cumulative 

distribution function (CCDF). The CCDF is defined as the 

probability of a random variable exceeding a given 

threshold, Here, it can be written as  

CCDF = Pr {PAPR > PAPR0}  (2) 

Moreover, it has been proved in [15] that, for an 

oversampling rate greater than four, the PAPR of a 

continuous OFDM signal can be approximated by that of the 

OFDM samples. 

The first step in modulating the SC-FDMA 

subcarriers is to perform an N-point discrete Fourier 

transform (DFT), to produce a frequency domain 

representation Xk of the input symbols. It then maps each of 

the N DFT outputs to one of the (M > N) orthogonal 

subcarriers that can be transmitted. As in OFDMA, a typical 

value of M is 256 subcarriers and N = M/Q is an integer 

submultiple of M. Q is the bandwidth expansion factor of 

the symbol sequence. If all terminals transmit N symbols per 

block, the system can handle Q simultaneous transmissions 

without co-channel interference. The result of the subcarrier 

mapping is the set Xl (l = 0, 1, 2. . . M − 1) of complex 

subcarrier amplitudes, where N of the amplitudes are non-

zero. As in OFDMA, an M-point inverse DFT (IDFT) 

transforms the subcarrier amplitudes to a complex time 

domain signal Xm. Each Xm then modulates a single 

frequency carrier and all the modulated symbols are 

transmitted sequentially. 

In order to reduce the PAPR, we introduce a 

companding transform after the parallel to serial conversion 

in the system. Let C [·] denotes the companding function 

that changes only amplitudes of the input signals. After 

companding, the samples can be denoted as 

yn = C [|Xm|].sign (Xm)              (3) 

Likewise, C [.] denotes companding transform 

satisfying the following two conditions [11]: 

|C [Xm]| ≥ |Xn| when |Xm| ≥ m, and |C [Xm]| < |Xm| otherwise; 

E {|Xm|
2
} ≈ E {|C [Xm] |

2
} 

where, m denotes the inflexion value of the 

transform and E {.}, the expectation. It is found that, with 

appropriate selection of companding form and its 

corresponding inflexion point, significant reduction of 

PAPR can be achieved, with low complexity. The average 

power of transmitted signals will be unchanged after the 

companding transform if the average power is set as the 

value of the transform inflexion point and the companding 

form is odd symmetrical with reference to the inflexion 

point. 

Next, the companded samples are converted into 

analog waveforms by a D/A converter Note that the effect of 

the D/A converter can be neglected, if its word length is 

long enough. Finally, the generated OFDM signals are 

transmitted into the radio channel. 

III. DFTS-OFDM 

Several approaches to mapping transmission 

symbols Xk to SC-FDMA subcarriers are currently under 

consideration. They are divided into two categories; 

distributed and localized [1]. In the distributed subcarrier 

mapping mode, DFT outputs of the input data are allocated 

over the entire bandwidth with zeros occupying the unused 

subcarriers resulting in a non-continuous comb-shaped 

spectrum. Interleaved SC-FDMA (IFDMA) is an important 

special case of distributed SC-FDMA. In contrast with 

IFDMA, consecutive subcarriers are occupied by the DFT 

outputs of the input data in the localized subcarrier mapping 

mode resulting in a continuous spectrum that occupies a 

fraction of the total available bandwidth. 

For IFDMA, time symbols are simply a repetition 

of the original input symbols with a systematic phase 

rotation applied to each symbol in the time domain. 

Therefore, the PAPR of IFDMA signal is the same as in the 

case of a conventional single carrier signal. In the case of 

LFDMA, the time signal has exact copies of input time 

symbols in N conventional single carrier signal. In the case 

of LFDMA, the time signal has exact copies of input time 
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symbols in N sample positions. The other M-N time samples 

are weighted sums of all the symbols in the input block. 

 
Fig. 2: An example of SC-FDMA transmit symbols in the 

frequency domain for N=4 subcarrier per user, Q=3 users, 

and M=12 subcarriers in the system. 

Xl,Distributed denotes transmit symbols for distributed 

subcarrier mapping scheme and Xl,Localized denotes transmit 

symbols for localized subcarrier mapping scheme. 

IV. TWO PIECE-WISE COMPANDING TRANSFORM 

It can be found that small amplitudes occur with high 

probability, while in contrast large ones occur with low 

probability. Intuitively, without changing the average power, 

the expanding of small amplitudes will have great influence 

on the BER performance, and the compressing of large ones 

will provide the capability of PAPR reduction.  

 

Fig. 3: The proposed Companding transform. 

In order to do trade-off between BER and PAPR 

reduction performances, small and large amplitudes should 

be treated individually. In the TPWC transform, small 

amplitudes (|xn| ≤ v) are multiplied by a scale factor u1, 

while large ones (|xn| > v) are not only multiplied by a scale 

factor u2 but also added by a shift s. Moreover, the cut-off 

point of the amplitude is chosen as v = s / (u1 – u2), so that 

there is no inflexion point. The resulting profile is 

piecewise-linear and continuous, as shown in Figure 3 

where the profile of LNST is also given for comparison. It 

can be found that both of them have a similar operation, 

which will result in a similar computational complexity. The 

proposed companding function is defined as follows, [9]: 

       (4) 

Where, u1 > 1, 1 > u2 > 0 and s > 0. 

 

V. PAPR ANALYSIS OF DFTS-OFDM WITH TPWC 

Since, the PAPR is reduced already by using DFT spreading 

technique for OFDM signal. Therefore, overall symbol 

power is also reduced for the original OFDM. So, the value 

of m is chosen such that the overall CCDF of the PAPR will 

reduce for DFT-S-OFDM with TPWC, where (m>0). The 

value of parameter m which gives the appropriately best 

results ranges from 0.013 to 0.05, approximately, whereas u1 

& u2 remain the same and assuming v = mσ [9].  

This can be seen in Figure 4 and Figure 5 that there 

is more PAPR reduction occurs when we use TPWC 

transform after DFT spreading for OFDM system. The 

CCDFs of the PAPR for LFDMA & IFDMA original and 

TPWC transformed LFDMA & IFDMA are reduced by 4 

dB more when CCDF = 10
(-2)

. 

 
 

Fig. 4: Comparison of LFDMA & IFDMA with companding 

and without companding transform technique for 16-QAM 

 
Fig. 5: Comparison of LFDMA & IFDMA with companding 

and without companding transform technique for 64-QAM. 
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VI. CONCLUSION 

SC-FDMA is a promising technique for high data rate 

uplink communication in future cellular systems. Within a 

specific SC-FDMA system configuration, there are many 

design and operational choices that affect performance in a 

complex manner.  

We have proposed and evaluated the SC-FDMA or 

DFTS-OFDMA with TPWC transform in this paper. The 

TPWC transform is an effective technique for PAPR 

reduction of OFDM signals, due to its low computational 

complexity and no constraint on system. So, by combining 

these two techniques we can get overall good PAPR 

performance. In future we can use an extension of the 

TPWC transform by modifying the companding function for 

large amplitudes. 
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