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ABSTRACT

In this paper, we propose a PAPR-mmumzed sequence mapping scheme that achieves the rumimum
Peak-to-Average Power Rafio (PAPR) and the muumum amount of computations for the OFDM system To
reduce the PAPR, the mapping table 1s created with information about block index and symbol patterns of the
lower signal power When the mnput data sequence comes, it performed division by the block length to find the
quotient and remamder. The symbol pattern of the lower signal power can be found m terms of the block index
as the quotient m the mapping table and transmutted with remainder as the side information to distinguish and
recover the origmal data sequence m the recetver The two methods with the proposed mapping scheme are
proposed in this paper One 1s with mapping table to recover the OFDM signal m both transmitter and receiver,
The other 13 with mappmg table only m transmitter to reduce the load and the complexity in the mobile system,
We show that this algomthm provides the PAPR reduction, the smmple processing and less computational
complexity to be implemented for the multi-carrier system
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L. INTRODUCTION

Orthogonal Frequency-Division Multiplexing
(OFDM) 1s a method of digital modulation that a
high-rate data stream is splt mte a number of
lower rate data streams that are transmitted
simultanecusly over a number of subcarriers Due
to robustness the inter symbol mterference (ISI) and
fading, OFDM  has

applications in  digital

multipath found wide

communication  systems
However, one of the major drawbacks m OFDM
system is the high Peak-to-Average Power Ratio
(PAPR). An OFDM signal consists of a number of
independently modulated subcarriers, which can give
a large peak-to-average power when added up
coherently: N signals are added with the same
phase This results 1n a peak power that is N times
the average power, Most radio systems employ high
power amplifiers (HPA’s} which cause the major
expenses in the RF system. For the purpose of
acheving the maxmmum output power efficiency, the
HPA 1s usually operated at or near the saturation
region, and this introduces memoryless nonlinear
distortion communication channels.
Unfortunately, the vanmation of OFDM
amplitudes is very wide with a large PAPR A

into
signal

large amplitude mput mto the fransmitter power
amplifier may cause nonlinear amplification of the
mput signal This can cause serious degradation in
transrussion  performance Hence, it is highly
desirable to reduce the PAPR.

To reduce the PAPR, several methods which can
be divided into three categories have been proposed
First, there are signal distortion techniques such as
clipping [1], [2], which reduce thepeak amphitudes
by nonlinearly distorting the OFDM signal at or
around the peaks Clipping is the simplest and an
effective PAPR
causes a sertous in-band and out-ofband clipping
nofse This makes BER performance degradation in

reduction method However, it

an adjacent channel mterference (ACI). The second
category is coding techniques which use a special
code set that excludes OFDM symbol with a large
PAPR. One type of coding techniques 1s called

Copyright (C) 2005 NuriMedia Co., Ltd.

block coding [3]-[7], which 1s aftractive because 1t
does not create any out-of-band radiation, but there
is no proper coding solution that can maintaih a
reasonable coding rate for an arbitrary large number
of subcarriers. The third technique is based on
each OFDM with different
scrambling sequences and selecting the sequence
that gives the lower PAPR [8], [9]. Other smmlar
schemes can be found in [10]~[13]. The Seclected
Mapping (SLM) algorithm [9],
scrambling, is to select and transmit the sequence
with the lowest PAPR after making the M different
phase changes on the wdentical input data sequence
M different sequences are generated by multiplying
the phase control

scrambling symbol

one method of

the input data sequence by
sequences of length N. The phase of first cluster
(branch) is generally not changed, while the phase
of M-1 branches are changed differently Then, the
sequence with the lowest PAPR among the M
branches 1s selected This method 15 known to be
effective and flexible since it is spectrally efficient
and no signal deformation is made, unlike the block
coding and clippmg method, etc. However, this
method has a ligh computational and hardware
complexity because of many IFFT stages and
iterative calculations Thus, this technique requires
so many IFFT stages equivalent to complex
structures in the OFDM transmitter, so that 1t is
very difficult to realize in practice,

In this paper, we propose a PAPR-mmmnmuzed
sequence mapping scheme to reduce the PAPR with
computational
complexity We create a with
information about block index and symbol patterns

the smple processmg and less

mapping table

of thelower signal power. When the mnput data
sequence comes, 1t performed division by the block
length to find the quotient and remamder The
symbol pattern of the lower signal power can be
found in terms of the block index as the quotient
m the mappmg table and transmttedwith remamder
mformation(SI) to distinguish and
recover the original data sequence in the receiver.

as the side

Compared with SLM, the computational complexity
of this scheme can be greatly reduced at the cost
of memory. The two methodswith PAPR-mummized

1341

www.dbpia.co.kr



A 88 =4 '04-12 Vol.29 No.l2A

sequence mapping scheme are proposed in this
paper. One is with mapping table to recover the
OFDM signal in both transmitter and receiver. The
other is with mapping table only in transmitter to
reduce the load and the hardware complexity in the
PAPR
performance with SLM and discussed about the

mobile  system. We  compared the
characteristics of the proposed algorithm.
The paper is organized as follows: In Section 2
the PAPR of the OFDM signal is explained. The
proposed scheme to reduce the PAPR of an OFDM
system is presented in Section 3. Simulation results
are given in Section 4, and finally, Section 5

concludes the paper.

I. PAPR ANALYSIS IN OFDM
SYSTE

The complex baseband OFDM signal may be

represented as

s() = \/_ Z d0 i aly, -
where N is the number of subcarriers, dn is the
data applied to the nth subcarrier, the frequency
separation between any two adjacent subcarriers is
A =1/Tand T is the OFDM symbol duration. The
envelope power of the multi-carrier signal, p(t), is
given by (2)

p()=s@)-s()*, @)

where (- )* denotes complex conjugate. If the
power in the individual carriers is normalized to
IW then the maximum peak envelope power (PEP)

and the average power of s(¢) can be written as :

P, =max{s(®)[ }iga.r) = N*(W), 3

and
Puy = B[ | =N @
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where E| -
(4), the PAPR can be defined as:

| denotes the average. With (3) and

PAPR=10log, { P,/ P,,} =10log, N (dB) 5)
In order to decrease the PAPR, the maximum of
the instantaneous signal power should be decreased.
From the (1),(3) and (5), it is clear that the PAPR

is entirely determined by dn .
li. THE PROPOSED SCHEME

In an OFDM system, the envelope power of
signal as a function of time, for all possible N bits
data sequences, can be expressed as the decimal
number increasing sequentially from 0 to 2N.
Figure 1 shows the PEP when N=16 bits, ie.
number of subcarriers is 16. It is clear that there is
a large probability that the code word will have a
rather low PEP, and only a small fraction of all
possible OFDM symbols has a bad peak-to-average

power ratio.

0 | L i 1 L i
0 i1 2 3 4 5 6

Decimal Number ¢

Figure 1. PEP for all possible code words ( N=16 )

Suppose we divide the conventional signal space
that contains 2N symbol patterns into the high
PAPR subspace and the low PAPR subspace.

According to the low PAPR subspace, after
pre-calculate all possible N subcarriers OFDM
symbols, we create a mapping table with

information about block index and symbol patterns
of the low signal power as the mapping of the

signal. If the mapping table contains k symbol

www.dbpia.co.kr
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patterns by the chosen number of blocks, we can
reduce the conventional signal space with 2N into
the k blocks of the lower PAPR signal subspace.

The number of blocks and length of block
(symbols/block) are related to (6),
Ike=2", 6

where 1 denote length of the block. Note that the
larger number of blocks means the smaller length
of the block The N bits mput sequence U, is
divided by the length of the block I, as given in
G5

U=ql+p 0<U<2", 0<q<k 0<p<2¥/k
qit+p 0

where p and g are the quotient and remainder,
respectively.

1. Algerithm |

In this algorithm, we consider the simple PAPR
reduction processing with a mapping table in both
transmitter and receiver to recover the original
signal After pre-calculation, we create the mapping
table with information about the block index as the
quotient, ¢,and k symbol patterns with the lowest
PAFPR that are selected from 2N symbol patterns as
shown 1n Table 1.

Table 1 Mapping table for Algorihm I

Block mdex (q) Selected PAPR symbol patterns
0 S0
1 81
2 )
k-1 Sk-1

In the transmitter, the mput data sequence 18
divided by block Ilength I(symbolsfblock) As
defined, the quofient is the same as the block index
number According to this quotient, we can find the
comresponding symbol pattern in the mapping table
By doing this, we can represent | different data
sequences using the same
distingnish  and

symbol
different

pattern  To

recover  these data

Copyright (C) 2005 NuriMedia Co., Ltd.

sequences, we should transmit the remamder p as
side information that represenis the difference
between original input code word and the first code
word in the same block. The flow chart of the
proposed scheme is given in Figure 2.

Input data ( U)

Input data (I} / Block length {7 )

1

Y

Qoutrent (g)

!

Mapping
Y
Remainder (p )
( Mapped symbol paﬂem) ( {S1de nformation)

Figwre 2 Flow chart of the transmtter

In the
mapped in the provided mapping table which is

recetver, the received sequences are
same as the transmitter’s to find the block number
mndex, ¢. Because both the transmitter and the
receiver know the length of the block, we can
recover the original data sequence by (7) with the
side information p. Figure 3 shows the flow chart
For N=8, k=32, the example of
transmutter and receiver 1s shown in Figure 4.

( Recerved data )

1

Demapping

Y

Block mdex (g )

of the receiver

Side mforaatien (7 ) >

Y

Block index (¢ ) x Block length (/) + Side nformation (p )

!
( Onginal data )

Figure 3 Flow chart of the receiver (Algonithm I}
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Mapper
!
Block index | Selected syrabel
1 i@ parterns P~
Block
60010101 1 B 5 "
———f -2k 1 gl Jl—m{sP| o |EFT
- 5 .
Quonent Remmicﬂ -
31 EN 1
S informatien (101} _‘_
Demapper [
Block ndex | Selected symbol *
& patterns *
.
06010101 ! St Het—Es| o |FET
«————nea2xEsa2aq 2 | & .
Tl *
. .
n N

Figure 4 Mappmg and Demappmg processing of Algorithm I

As mentioned above, the relatton of the number
of side information bits m, the length of the block
1, and the number of blocks k is as follows;

I=2" (0€m<N) (8)
and
k=2"" (0<m<N) (9)

As denoted in [9], in an OFDM system, the side
mformation can be introduced as a function of the
PAPR

PAPR =101log10(=In(t—27""")). (10)
The side mformation needed to restore the onginal
data sequence m the receiver must be transmtted
appropriately. In particular a error
to be
information is crucital for the {rahsmission etror

powerful

correcting  code  has applied, as this
performance In tlus paper, we assume the side

information can be received perfectly.

2 Algorithm Ii

We noted that both the transmitier and the
recerver are needed the mapping table in Algorithm
I However, m most communication systems, the
hardware of the receiver 15 more complex than the
transmutter To reduce the hardware complexity and

1344
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load of the receiwver, we suggest another method
based on the Algorithm I with a differentmapping
table only 1 transmitter. We create a mapping table
with the deswred kblock ndexes 1n the transmitter,
the same as Algorithm I However, the mapping
table is of with different method
compared with Algorithm T When any number U
is divided by thenumber of blocks, k, the range of
remainder, p’, and the quotient, q as the block
index are both from O to k-1 Thus,
represent the block index number as the remainder
p’ 1n the mapping table. And we know that there

composed

we o can

are | data sequences with the same remamnder, p’ in
the 2N signal space From these 1 data sequences,
we select the symbol pattern with the Iowest PAPR
and put 1t mto the p’ th block mdex in the
mapping table

In the transmitter, the data sequence is then
divided by block length, 1 The quotient is then
used for mapping it to the mapping table. Note that
the quotient of the input data sequence divided by
block length 1, is the same range from 0 to k-1 as
the remamnder of the mapped symbol pattern divided
by number of blocks, k The mapped symbol
pattern with the Iowest PAPR of ldata sequences 1s
then converted into parallel streams by a serial to
parallel converter (S/P) After IFFT, the OFDM
symbol and side information are transmutted

In the receiver, the block mdex can be found as
the remainder by the converted received data
sequence modular the number of blocks, k. Then
we easily find the onginal data from (7) with the
received side information Figure Sshows the flow
chart of the receiver By doing this, we can design
the PAPR reduction scheme without the mapping
table m the recetver For N=8, k=32, the example
of mapping and recover processing 15 shown 1n
Figure 6

As known 1 the Aigorithm I and II, the block
size controls the PAPR reduction level, 1e, the
number of the lowest PAPR symbol patterns If we
increase/decrease the block size, the smaller/larger
PAPR reduction can be obtammed. However, the side
mformatiron also decreases/increases dependent on

www.dbpia.co.kr
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( Received data )
v

Received decimal data modulo number of blocks (k)

Remainder (p")

Remainder (p') = Block index (g)

Side infornation (p ) =

Y
Block index (g ) x Block length () + Side information (p )

¥

( Original data )

Figure 5. Flow chart of the receiver (Algorithm II)

Mapper |
e ——— |
Block index | Selected symbol
’”—‘|Wk‘ g} Pmm,,, > :
| data || len ‘1 0 5 (96) |
O (. .
00010101 A A ; ™ ‘
.t IO 0 P U0 (O (18 sp| o |WT
/T_/,z* K (130) %
| Quotient | Remainder, i : [ | *
¥ . .
I S (159) —
Side information (101) .
Recover ‘
Block Received| |
- |
0010101 i e
A 2 4 2x8+5 4 24 130 o PS| o | FFT
Side Recoverd Number | =
information| |black index of blocks | .
4—

Figure 6. Mapping and Recover processing of Algorithm II

the increasefdecrease of the block size. Since the
Algorithm 1 transmits the lowest PAPR symbol
pattern, the lowest PAPR by simple processing can
be guaranteed with the well trade-off of the cost,
ie., the size of side information bits and the
mapping table in transmitter and receiver. In the
Algorithms 1II, PAPR of the transmitted symbol
pattern is the lowest in 1 sequences with same
remainder, therefore PAPR of some symbol patterns
might be higher than PAPR of the symbol pattern
set in the Algorithm I. Thus the smaller PAPR
can be obtained

reduction compared to the

Algorithm 1. However note that the Algorithm II

Copyright (C) 2005 NuriMedia Co., Ltd.

does not need the mapping table in the receiver.

IV. SIMULATION RESULTS

In this section, we show the simulation results
for the proposed two algorithms. Themapping table
is created by pre-calculating all possible OFDM
symbols. Because pre-calculation can be done
offline, therefore none computational complexity can
be introduced into thesystem. For large number of
subcarriers and high-levelmodulation, a huge amount
pre-calculation is need, so we consider 16
subcarriers and BPSK in our simulations.

In Figure 7, the PAPR reduction of the proposed
algorithms is shown for a different numberof blocks
with the subcarriers N=8, 12, 16, respectively. As
expected, the Algorithm I provides better PAPR
reduction than the Algorithm II due to the different
mapping table scheme. However, we can reduce
hardware complexity of the receiver of the
Algorithm II. When the number of blocks is equal
to the number of subcarriers,both Algorithm I and
Algorithm II are same as the normal OFDM, and
we can not gain the PAPR reduction, here, because
the number of block indexes of the mapping table
is equal to the conventional signal space’s. Because
the PAPR increased with number of subcarriers,
therefore the more number of subcarriers, the more

PAPR reduction can be obtained.

PAPR reduction (dB)

zim bl 914
Mumber of blocks
Figure 7. PAPR reduction for the proposed system

Also the excess probability of the PAPR of the

1345

www.dbpia.co.kr



gha 4181 8] 54 "(4-12 Vol.29 No.12A

both proposed algorithms with 2 and 4 side
information bits is shown in Figure 8. For the
Algorithm 1, 2 side information bits provides 214
mapped symbol patterns with the lowest PAPR, and
4 side
symbol patterns with the lowest PAPR. Because the

information bits provides 212 mapped
symbol patterns arranged in ascending order of the
PAPR in the mapping table of the Algorithm I, so
the less number of side information bits means the
more PAPR. Since Algorithm I can reduce PAPR
greatly, for 2 and 4 bits side information, no
symbol  patterns can  be  generated  when
PAPROexcess 3.8dB and 4.6dB, respectively. For
the Algorithm II, 2 side information bits for every
transmitted symbol pattern can provide only 4
selectable symbols, and for 4 side information bits,
there are 16

selectablesymbol patterns can be

provided for every iransmitted symbol pattern.

Obviously, the performance of 4 side information
bits is better.

PAPR (4B)

Figure 8. PAPR-excess probability for N=16

PAPR
performance of the proposed algorithms and SLM
[9] with BPSK, with different number of side
N=16. As

expected, as we increased the side information, the

In Figuwre 9, a comparison of the

information bits, is provided when
PAPR can be reduced. Algorithm I much approach
to theoretical (10) than SLM. Because the mapped
symbol PAPR, in
Algorithm I is an ideal case for PAPR reduction.
For Algorithm II, the transmitted signal is selected

patternswith ~ lowest fact,
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from a fixed code set (with same p’), codes thatin
the code set are high cormrelated. For SLM, the
selectable codes are generated by some independent
random sequence, thus, compared with Algorithm II,
the more PAPR reduction can be obtained by using
SLM. It should be pointed out that number of IFFT
stages of SLM is
number of side

an exponential function of
information bits. However, IFFT
need be done only once for proposed algorithms,
hence, the simple processing and less computational

complexity can be gotten using proposed algorithms.

% - Algorithm |
~& - Algorithm I
-3~ SLM
—— Theoretical

1 2 ) 4 5 6 7 8
Number of side information

Figure 9. PAPR performance vs. side information (N=16)

V. CONCLUSION

In this paper, we introduced two types of
PAPR-minimized sequence mapping that achieves
the minimum Peak-to-Average Power Ratio andthe
minimum amount of computations for theOFDM
system. To reduce the PAPR, the mapping table is
created with information about block index and
symbol patterns of the lower signal power. In the
Algorithm PAPR

reduction processing with a mapping table in both

I, we consider the simple
transmitter and receiver to recover the original
signal. We create it with information about the
and k symbol

patterns with the lowest PAPR that are selected

block index as the quotient, q,

from 2Nsymbol patterns. To reduce the hardware
complexity and load of the receiver, we suggest

another method in Algorithm II based on the

www.dbpia.co.kr
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Algorithm I with a different mapping table in only
transmitter We create a mappmg table with the
desired k block indexes in the transmitter, the same
as Algorithm 1 However, the mappmg table is
composed of different method compared with
Algorithm I We choose the block size based on
the remamder and the PAPR symbol pattern based
on the lowest PAPR from block length L

As known m the Algorithm I and II, the block
size controls the PAPR reduction level, ie., the
number of the lowest PAPR symbol pattern If we
increasefdecrease the block size, the smallet/larger
PAPR reduction can be obtained However, the side
information also decreasesfincreases dependent on
the increasefdecrease of the block size In this
simulation, we show that by increasing the number
of the side information bits, the PAPR performance
1s increased and the size of mappmg table is
decreased at the cost of spectrum efficiency We
can adjust this trade-off problem accordingto
requirement in practice by considering the PAPR
reduction, block size of the mapping table and the
size of the side mformation bits. Compared to
SLM, the Algonthm I provides more advantageous
because of its PAPR performance, the lower IFFT
stages and the lower amount of computations.
However, using the Algorithm II, we can decrease
the hardware complexity of the receiver, which 1s
very mmportant m a practical OFDM system and

other multi-carrier system applications
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