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ABSTRACT: High Peak-to-Average Ratio of the transmitted signal is a major drawback of Orthogonal Fregquency division
multiple accesses (OFDMA). In this paper, we propose a Selected Mapping Technique, Partial Transmit Sequence and
Discrete Fourier Transform Spreading Techniques to overcome the problem of high PAPR in Long term evaluation uplink
transmitter. Performance enhancement of the OFDM signal uplink transmitter for Long-Term Evolution has been observed
and its Peak to average power ratio is investigated through MATLAB simulations.
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1. Introduction

Long-Term Evolution (LTE) isawirelessdatacommunications standard, proposed for high speed upcoming 4G cellular network,
which aims to enhance the speed and capacity of the wireless networks using latest Digital Signal Processing techniques.
Further, it reduces the transfer latency as compared to the 3G architecture by employing the redesign and simplification of the
network architecture to an I|P-based system [1]. OFDM increases system capacity so asto provide areliable transmission [2].
OFDM isto split ahigh-rate data stream into anumber of lower rate streamsthat are transmitted simultaneously over anumber
of sub carriers. These sub carriers are overlapped with each other. Because the symbol duration increasesfor lower rate parallel
sub carriers, the rel ative amount of dispersion in time caused by multi path delay spread is decreased. Inter- symbol interference
(1S1) iseliminated almost completely by introducing aguard timein every OFDM symbol. OFDM has been adapted to various
standards, such as |EEE 802.11 wireless local area networks (WLANS), |EEE 802.16 mobile worldwide interoperability for
microwave access (WiMAX), and 3GPP. On the other hand, the major drawback of OFDM signal isits large peak-to-average
power ratio (PAPR), which causes poor power efficiency or serious performance degradation to transmit power amplifier.
Therefore, the OFDM receiver’s detection efficiency is very sensitive to the nonlinear devices used in its signal processing
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loop, such as Digital-to-Analog Converter (DAC) and High Power Applier (HPA), which may severely impair system perfor-
mance due to induced spectral re-growth and detection efficiency degradation. Most radio systems employ the HPA in the
transmitter to obtain sufficient transmit power and HPA is usually operated at or near the saturation region to achieve the
maximum output power efficiency, and thusthe memory-less nonlinear distortion dueto high PAPR of the input signalswill be
introduced into the communication channels[4]. To reduce the PAPR, many techniques have been proposed, Such as clipping,
coding, partial transmit sequence (PTS), selected mapping (SLM), interleaving, nonlinear companding transforms, hadamard
transforms and other techniques etc [3]. These schemes can mainly be categorized into signal scrambling techniques, such as
PTS, and signal distortion techniques such as clipping, companding techniques [5]. Hence, in this paper we propose a DFT
Spreading Technique and DFT-Pulse shaping reduction of PAPR for LTE systems.

2. PAPR Problem of OFDM Signal

2.1 Continuous-time PAPR
PAPR isthe ratio between the maximum power and the average power of the complex passband signal S(t), that is

max| S () |*

— @
E{IS® %

PAPR{S ()} =

2.2 Discrete-time PAPR

PAPR for the discrete-time base band signal x [n] may not be the same as that for the continuous-time base band signal x (t). In
fact, the PAPR for x[n] islower than that for x (t). Because x[n] may not have all the peaks of x (t). In practice, the PAPR for the
continuous-time base band signal can be measured only after implementing the actual hardware, including digital-to-analog
convertor (DAC). For better approximation the PAPR of continuous-time OFDM signals, the OFDM signals samplesare obtained
by L times over sampling. L time over sampled time domain samples are NL-point IFFT of the data block with (L—1) N zero-
padding. Therefore, the over sampled IFFT output can be expressed as

.27
x[n]=$z:j:) X (k). e N @

The PAPR computed from the L-times over sampled time domain OFDM signal samples can be defined as

max |x () |?
m=0, L.NL
PAPR= —————————— €]
E{Ix © 13

Generally, the output signals after IFFT are random as the input data samples are random. The highest PAPR occurs only when
n (n < N) modulated signals have the same phase. In this case, the peak power would be the sum of the powers of these signals.
Since the PAPR is arandom variable, Complementary Cumulative Distribution Function (CCDF) is the most popular way to

evaluatethe statistic properties of PAPR by estimating the probability of PAPR when it exceedsacertainlevel PAPR, The CCDF
of the PAPR is defined as

CCDF= P{PAPR>PAPR } @

Thisisthe simulation of OFDM system to observe PAPR in it.
3. PAPR Reduction Techniquies

3.1 SdlectiveM apping

Figure 1 showsthe block diagram of selective mapping (SLM) techniquefor PAPR reduction. Here, theinput datablock X =[X
[0], X [1]......X [N—1] ismultiplied with U different phase sequencesP =[P, P.......P, ] whereP! = &% and ¢, €(0,2n)
forv=0,1....N-1andu=1,2...... U which produceamodified datablock X"=[X"(1), X4(2),......X"[N— 1]T among which the

onex = )?‘ with the lowest PAPR is selected for transmission is

G:argmin( MeX |x“[n]|) )

u=12.U{ n=0,2.N-1
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Figure 1. Block diagram of selective mapping (SLM) techniquefor PAPR reduction

In order for the receiver to be able to recover the original data block, the information about the selected phase sequence P,
should betransmitted as side information [5]. Theimplementation of SLM techniquerequiresU IFFT operations. Furthermore,
it requires[log2U] bits of sideinformation for each data block where [x] denotes the greatest integer less than x.

3.2 Partial Transmit Sequence
The partial transmit sequence (PTS) technique partitions an input data block of N symbolsinto V disjoint sub blocks asfollows

where X ' are the sub blocks that are consecutively located and also are of equal size. Unlike the SLM technique in which
scrambling is applied to all sub carriers, scrambling (rotating its phase independently) is applied to each sub block in the PTS
technique (see Figure 2). Then each partitioned sub block ismultiplied by acorresponding complex phase factor b¥ = % where
v=1,2.....V subsequently taking its IFFT toyield

v
X= Z bVx" ©)
v=1

Where{ X'} isreferred to asaPartial Transmit Sequence (PTS). The phase vector is chosen so that the PAPR can be minimized
asfollow

~ ~ ) v
[bl.... bV]= argmin mx Y b"x"x[n])
u=12..U\n=02.N-1v=1 (7)
Then, the corresponding time-domain signal with the lowest PAPR vector can be expressed as
V —~
X= z bYx/ )

v=1

3.3DFT Spreading

Suppose that DFT of the same size as IFFT isused as a (spreading) code then, the OFDMA system becomes equivalent to the
Single Carrier FDMA (SC-FDMA) system because the DFT and IDFT operations virtually cancel each other. In this case, the
transmit signal will havethe same PAPR asin asingle-carrier system.

InOFDMA systems, sub carriersare partitioned and assigned to multiple mobileterminal s (users). Unlikethe downlink transmission,
each terminal in uplink uses a subset of sub carriersto transmit its own data. The rest of the sub carriers, not used for its own
datatransmission, will befilled with zeros. Here, it will be assumed that the number of sub carriersallocated to each user is M.
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Figure 2. Block diagram of partial transmit sequence (PTS) technique for PAPR reduction
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Figure 3. Equivalence of OFDMA system with DFT-spreading code to asingle-carrier system

In the DFT-spreading technique, M-point DFT is used for spreading, and the output of DFT is assigned to the sub carriers of
IFFT. The effect of PAPR reduction depends on the way of assigning the sub carriersto each terminal. Asdepicted in Figure 4,
there aretwo different approaches of assigning sub carriersamong users: DFDMA (Distributed FDMA) and LFDMA (Localized
FDMA). Here, DFDMA distributesM DFT outputsover the entire band (of total N sub carriers) with zerosfilled in N-M unused
sub carriers, whereas LFDMA allocates DFT outputsto M consecutive sub carriersin N sub carriers. When DFDMA distributes
DFT outputs with equi-distance N/M = S, it is referred to as IFDMA (Interleaved FDMA) where Siis called the bandwidth
spreading factor.

Theinput datax [n] is DFT-spread to generate x [i] and then, allocated as
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Figure 4. Sub carrier mapping for uplink in OFDMA systems: DFDMA and LFDMA

_ {X[g], k= Sm,m=0,1,2..M-1
X[K] =

0 otherwise ©
The | FFT output sequenceX[n] withn=M.s+m, fors=0, 1, 2.....S-1andm=0, 1, 2.....M —1 can be expressed as
K . n
X[j=x > X [Ke” N*
k=0
11 M-1 jem —m,
=§Mzm1:0X[rnl]e M
11M s
- ™ ,
:§|\—Azm1_ox[ml]e M
111 szl j2nﬁmml
=51M &m0 X[m]e (10)
1
= =.x[m
=3 [m

which turns out to be a repetition of the original input signal x [m] scaled by 1/sin the time domain. In the IFDMA where the
subcarrier mapping startswith the r" subcarrier (r =0, 1, 2.....S—1), the DFT spread symbol can be expressed as

X[K =
0 otherwise

{x[%},h Sm+r m=0,1,2..M-1 (11)
Then, the corresponding IFFT output sequence {X[n]}, is given by
X[n] =X[Ms+m]
1 Nl jor Dy
=5 Zkzox Kle N

11 ¢M-1 jz::(ﬂml+£,)
=3'M meo X[m]e M M
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Comparing with the equation (10), one can see that the frequency shift of subcarrier allocation starting point by r subcarriers
j2mnr

resultsin the phaserotationof e N inIFDMA. Inthe DFT-spreading schemefor LFDMA, the IFFT input signal X [K] at the

transmitter can be expressed as

_ X[K, k=0,1,2..M~-1
X[K] = 13
0, k=M,M+1,..,N+1
ThelFFT output sequence X[n] withn=Sm+sfors=0, 1, 2, 3....S— 1 can be expressed asfollows
B B 1 szl - 2rl 11 wM-1 jzn(—smﬂ)k (14)
X[n]:X[S'TH'S]:N o X [Kle "N :g'mzkzox[k]e S
For s= 0, equation becomes
11 yM-1 (Sm)kll M-1 e My 1
- - - i2r| s - j2m —k
X[n = XS =573 2o XM M =g X X e M5 =gxim (15
M-1 —j2 Bk i
For 520, X[ =Zp:OX o] e 12z 1k such that equation (13) becomes
1 or3) 1 oM-1 x[p]
iva -5 -= 1_e]27r )i
lrl=x[sn+g=g (L= o5 | i I s
_ (TJ'Q)
1-el?
M-Ds-sm sin(zr—g) Cp
:% ej” SM . zp:O ejZn’M X[p] (16)
Msin(n,sms—np)
ey M

From equations (15) and (16), it can be seen that the time domain LFDMA signal becomes the 1/S scaled copies of the input
sequence at the multipliesof Sinthetime domain. The valuesin between are obtained by summing all theinput sequencewith
the different complex-weight factor.

3.4 Pulse Shaping

Pul se shaping done using Raised Cosinefilter istaken after IFFT stagefor LFDMA technique. Pulse shaping isused to minimize
Inter symbol Interference (1Sl) and results in better transmission of OFDM signals. The optimum value of roll off factor o is
chosen for obtaining better Simulation results.

4. Result Anlysis

Figure 5 shows acomparison of PAPR performanceswhen the DFT-spreading techniqueisappliedtothe IFDMA, LFDMA, and
OFDMA. Here, QPSK, 16-QAM, and 64-QAM are used for an SC-FDMA systemwith N =256, M = 64, and S=4. It can be seen
from Figure 5 that the PAPR performance of the DFT-spreading technique varies depending on the sub carrier allocation method.
Inthecaseof 16-QAM, thevalues of PAPRswith IFDMA, LFDMA, and LFDMA for CCDF of 1% are 3.5dB, 8.3dB, and 10.8dB,
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respectively. It impliesthat the PAPRs of IFDMA and LFDMA arelower by 7.3dB and 3.2dB, respectively, than that of OFDMA
with no DFT spreading. Now, let us consider the effect of pul se shaping on the PAPR performance of DFT-spreading technique.
Figure 6 showsthe PAPR performance of DFT-spreading technique with IFDMA and LFDMA, varying with theroll-off factor
o of the RC (Raised-Cosine) filter for pulse shaping after IFFT. It can be seen from this figure that the PAPR performance of
IFDMA can be significantly improved by increasing theroll-off factor from o =0to 1. Thisisin contrast with LFDMA whichis
not so much affected by pulse shaping. It implies that IFDMA will have a trade-off between excess bandwidth and PAPR
performance since excess bandwidth increases as the roll-off factor becomes larger. The results here have been obtained with
the simulation parameters of N =256, M = 64, S= 4 (spreading factor), and N, =8 (over sampling factor for pulse shaping) for
both QPSK and 16-QAM.

Further, let us consider the effect of pulse shaping on the PAPR performance of DFT-spreading technique. Figure 5 shows the
PAPR performance of DFT-spreading techniquewith IFDMA and LFDMA, varying with theroll-off factor aof the RC (Raised-
Cosine) filter for pulse shaping after IFFT. It can be seen from this Figure 5 that the PAPR performance of IFDMA can be
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Figure 5. PAPR performances of DFT-spreading techniquefor IFDMA, LFDMA, and OFDMA

Parameter Values

Bandwidth 1.AMHZ

FFT Size(N) 256

No. of the subcarriers per users (M) 64

Spreading factor(S) 4

No. of OFDM Symbolsper 1 ms 14- normal Cp,12- extended CP
Modulations QPSK,16-QAM & 64-QAM

Table 1. Parametersfor simulations of DFT-Spreading
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significantly improved by increasing the roll-off factor from o= 0 to 1. Thisisin contrast with LFDMA which isnot so much
affected by pulse shaping. It impliesthat IFDMA will have atrade-off between excess bandwidth and PAPR performance since
excess bandwidth increases as the roll-off factor becomes larger. The results here have been obtained with the simulation

parametersof N = 256, M = 64, S= 4 (spreading factor), and N__ = 8 (oversampling factor for pul se shaping) for both QPSK and
16-QAM.

Further, et us see how the PAPR performance of DFT-spreading techniqueis affected by the number of subcarriers, M, that are
allocated to each user. Figure 7 showsthat the PAPR performance of DFT-spreading technique for LFDMA with aroll-off factor

of acr=0:4isdegraded asM increases, for example, N, = 4to 128. Here, 64-QAMis used for the SC-FDMA system with 256-point
FFT (N=256).
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5. Conclusion

In this paper, performance enhancement of the OFDM signal uplink transmitter for LTE has been proposed and its PAPR is
investigated through MATLAB simulations. In conclusion, the SC-FDMA systems with IFDMA and LFDMA have a better
PAPR performance than OFDMA systems. This unique feature has been adopted for uplink transmission in 3GPPLTE, which
has been evolved into one of the candidate radio interface technologies for the IMT-Advanced standards.
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