24 -a}chut o}

1.

F gl

Y
>
Q
inl
O
inl
r[[
rt
=
]
o
—
~
s
m|o
%
rot
(@]
Al
()
=
z

>
oo
)
e
>
T
s

PAPR 74 ® BERA =9 ’g'—% 23t A+
Z & 2 .Ho Van Khuong™ - &t = 3™

2

4% OFDM(Orthogonal Frequency Division Multiplexing) ¥z

2] PAPR(Peak-to~Average Power Ratio)}& €151, A|2®¢] BER(Bit Error Rate) A%5< A7 Fo] otk a8\ 7|89 o|ajd &
Al-gttjuity wge] Zukgl OFDM AlA®le o3 wuadoz E& PAPREAZ ok 282g 2 =RdMe DGT(Data Grouping
Technique)O]E}—T’— RE2E 7les Adsty, o] 7led GA-strieitt Big 7]eS 43t PAPRE & £9FE OFDM Al~¥-g A7g
Zgkek DGT7|%S WHT-OFDMESE oluzl 9yl OFDMoIA PAPRS £4FE WE FoA 2 wie] 5l 71 M (side information)”}

HE
ol el SR AAnks B4l Atk BFE RIS Fo) AL AR F84S AL 45 PEIdr

gha)-shctutct W8 Walsh-Hadamard Transform, WHT)& 3

SPPR

JIfIE : Fo+ B8 O0F F4%, gAl-siCioict @&, DGT, PAPR

PAPR Reduction Improvement for WHT-based OFDM System using
Data Grouping Technique
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ABSTRACT

The conventional OFDM (Orthogonal Frequency Division Multiplexing) modulation can be combined with WHT (Walsh-Hadamard
Transform) to reduce PAPR (Peak-to-Average Power Ratio) and improve BER (Bit Error Rate) performance. However, this WHT-based
OFDM system still suffers a relatively high PAPR. Therefore, we suggest a new technique, called DGT (Data Grouping Technique) and
design an OFDM system employing it and WHT to further decrease PAPR without the BER performance degradation. A salient property
of DGT 1is the independence of the side information which is inherently a principal drawback of the well-known PAPR reduction
techniques for OFDM system as well as WHT-based OFDM. The simulation programs have been also performed to verify the validity of
the proposed system.
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Introduction
Division Multiplexing) modulation [1].

ing the transmission rate, is OFDM (Orthogonal Frequency
This is a parallel

Communication channel makes signal pulses broadened
in time as they travel through the channel (multi-path ef-
fect), leading to Inter-Symbol Interference (ISI). The pulse
spread restricts the speed at which adjacent data pulses
can be sent without overlap, thus limiting the maximum
information rate of the wireless system. One technique to
avoid the detrimental effect of multi-path, without sacrific-
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transmission scheme, where the overall frequency band is
divided into a number of subbands with separate sub
carriers. On each subcarrier, the modulated symbol rate is
low in comparison to the channel delay spread, thus ISI
can he prevented. Moreover, such subdivision makes
OFDM technique attain high spectral efficiency and ro-
bustness against frequency selective multi-path fading.
Therefore, it is obviously one of competitive candidates for
the next generation communication systems to obtain high
bit-rate without increasing the transmission bandwidth as
well as decreasing the required BER performance so as to
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meet a drastically increasing demand of information, com-
munication and entertainment services such as voice, data
and video, etc which can be accessed anywhere at
anytime. However, OFDM adversely suffers some severe
problems.

First, for the frequency-selective fading channels, error
bits occur as their subcarriers experience deep fades in the
frequency spectrum. Although this obstacle can be solved
in part by using forward error-correction (FEC) codes
such as convolutional code or block code, the frequency
utilization efficiency is decreased. An alternative method is
to perform WHT before OFDM modulation [2]-[4]. The
nature of WH transform is to send one data symbol on all
subcarriers simultaneously to make the frequency diversity
benefit at most. As a consequence, in addition to achieving
high performance and avoiding the frequency selectivity of
the channel, the WHT-based OFDM systems can decrease
PAPR because the orthogonality of spreading codes guar—
antees the probability that all subcarriers combine con—
structively is very small. Moreover, [5] proposed the sol-
ution to adapting the situations where the number of sub-
carriers is not equal to oK by making use of WH matrices
with different sizes. In addition, the iterative detection can
be utilized to further increase BER performance at the ex-
pense of the implementation complexity [6].

Second, the conventional OFDM system (C-OFDM) has
a high PAPR that tends to lessen the power efficiency of
the RF amplifier. Many PAPR reducing techniques have
been suggested [1] such as signal distortion techniques,
typically clipping, peak windowing and peak cancellation;
coding techniques, SLM (Selected Mapping Method) and
PTS (Partial Transmit Sequence). Moreover, the above
mentioned WHT as well as the selection of the sets of
spreading sequences between Walsh-Hadamard and com-
plementary sequences [4] is an effective way to deal with
PAPR problem. However, similar to SLM and PTS, the
technique in [4] suffers the severe bit error performance
degradation due to the erroneous side information (SI)
which contains the information of selected spreading codes
at the transmitter. In general, applying these PAPR reduc-
tion techniques is a cost of increasing transmission band-
width, deteriorating system’s performance and making sys-
tem more complicated.

As we see, WHT-based OFDM system is better than
C-OFDM system in many aspects such as high perform-
ance and low PAPR. However, PAPR of WHT-based
OFDM system is still high. Therefore, we propose DGT
whose function is to choose a proper set of phase control

gains for groups to attain a lowest PAPR before trans—

mitting the signal over the channel. Moreover, the receiver
doesn't require SI of phase set which was embedded into
transmitted data to decode the original data and thus, the
system performance is independent of SI This is the pro-
posed technique’s prominent advantage over SLM, PTS [1]
and the sequence selection [4] whose SI has an adverse
effect on system performance if it is not correctly
recovered.

The rest of this paper is organized as follows. Section 2
discusses details of the proposed system. The simulation
results are presented in section 3 and part 4 is conclusion
of the paper.

2. Proposed System Structure (P-OFDM)

2.1 Transmitter model

The suggested system block diagram is shown in (Fig.
1). First of all, the i data block of modulated symbols
with symbol duration 7Ts is serial-to-parallel converted into
I branches which is subdivided into M groups of length
L-1, except the first group of length L, namely B, where
m=1,---, M as in (Fig. 2).

The relation of M, I and L is given by

I=ML-1D+1 0

Then the groups with indices from 2 to M are added
one more symbol b, (m=1--, M-I1) taken from the opti-
mizer to produce a lowest PAPR among its all possible
combinations of vector b={b; bz *** by-1].

L ( '

ith block / .
‘ MUX !

O, T7*- T w |

Transform | | IFFT
‘

=

(Fig. 1) Proposed transmitter model
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(Fig. 2) Structure of M groups
au- data symbols, bn: phase control factors
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The symbols b, have no meaning at the receiver be-
cause the purpose of inserting b into useful data is only
to control the phase of transmitted signal. Therefore,
PAPR reduction is paid only for the decrease in spectral
efficiency. Compared to the system without using the
PAPR reducing technique, that is, all groups consisting of
L data symbols, the bandwidth loss of this system can be
calculated as follows

M(L-1)+1 M-I

bandwidth loss =1- L )
Here ML is chosen to be equal to the number of sub-
carriers N. If ML is large, then the above loss is
negligible.
We denote the input vector and output vector of WH
transform block by a and w, respectively

a=laa - al 3
w=da (4)

where d is Walsh-Hadamard matrix, each column of which
is considered as the spreading code of the symbol ax in
frequency domain.

d1,1 dl,N

dN,l o dyy )

The nature of B_Tx (see Fig. 1) is illustrated in (Fig.
3), where each symbol a; (k=1,---, N) is replicated N times
and multiplied with d.x (n=1,--, N). The resulting signal
is given below:

U, =ad,, n=1,.,N;k=1,..,N 6)

where dy is the n chip of the k" spreading code and ax
denotes the k” symbol. Then these unx are multi—carrier
modulated by N subcarriers with frequencies chosen to be
an integer multiple of block rate. In this system, we adopt

NT, %

Here, 4f describes the frequency distance between two
adjacent sub—carriers and the selecting 4f as above assures
that all subcarriers are orthogonal. This is a mandatory

o
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condition for an OFDM system.

WH transform

cs(t)

cos(2m N ALt)

du,u
(Fig. 3) Detail block diagram of B_ Tx

Subsequently, the signals from all parallel branches after
spread in frequency domain by di are summed together
which results in a composite signal as follows

esle)=

i

o
M=

=~
i

A IZV: Aa, (i)dn,k COS(ZﬂnAft)p(t —iNT, ) (8

1 n=]

where p(t) is a unit-amplitude rectangular pulse over the
interval [ONTs]; A: the amplitude of each sinusoid signal;
i the " block.

In practice, multi-carrier modulation block can be im-
plemented efficiently by IFFT (Inverse Fast Fourier
Transform). Therefore, the whole block diagram of (Fig. 3)
can be replaced by a WH transform followed by IFFT as
in (Fig. 1).

As usual, N-point IFFT is used to perform multi-carrier
modulation which is equivalent to the sampling the con-
tinuous signal ¢s(t) with the sampling period 1/NAf
However, this sampling period is not short enough to cap—
ture the peaks of the signal ¢s(t) and thus leading to the
large error in computing PAPR compared to the true PAPR
value. Therefore, to increase the degree of accuracy of cal-
culated PAPR, we follow [7] that ensures the computed
PAPR to be almost approximate with the continuous PAPR
value by applying oversampling with a factor of greater
than four. In this paper, the signal is oversampled by a
factor of 8 Therefore, the sampling duration is given by
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Ty
Tsampling = 3 (9)

To implement this intention by IFFT, we pad 7N zero
samples at the tail of vector w and take 8N-point IFFT on
the resulting vector to have the signal ¢s(nTsgmping) in the
discrete form which is used to calculate the PAPR defined
as

2

max ‘CS(stampling] max ’CS(stampling]

_ 0<m<8N _ 0=m<8N
PAPR = = 12_ <8 o
mean (cs\m 1
omegn \ . sampling Y festnTsampiing ) (10)
m=0

where cS(MTsampiing) 1 the transmitted signal during one
OFDM symbol. For the C-OFDM, PAPR can reach the
maximum value of N in the worst case as all subcarriers
combine coherently.

It is easy to illustrate that there exists the data symbol
combinations as an input of WH transform section which
produce a low PAPR. <Table 1> giving an example of
tested all possible combinations for case of N=4 shows
that there are only 4 combinations of the vector @ with the
generated large PAPR. These combinations are easily
avoided by the optimizer. Therefore, the operation mecha-
nmism of the optimizer is to compute PAPR for all possible
combinations of vector b and store in its buffer. When the
PAPR computation is finished, the optimizer selects an op-
timal combination of b corresponding to the lowest PAPR
and turns the switch on to send ¢s(t) to the next block.

(Table 1) PAPR for different data symbol combinations for

N=4
Input data combinations Average PAPR
11100011, 01005, (10001 1.3762
Others =(.9444

One of OFDM system's outstanding advantages is capa-
bility of suppressing (Inter-Symbol
Interference) caused by multi-path dispersion channel. This

completely  ISI

is validated by inserting a guard interval 4 with length
greater than the maximum delay spread of the channel.
Although this interval reduces the spectral efficiency, the
complexity of receiver is significantly decreased. Finally,
the integrated signal cs(t) is transmitted after RF-up

conversion,

2.1.2. Channel Model
The complex eguivalent low-pass time-variant impulse

response of p-path frequency selective Rayleigh fading
channel is given by [8]

where gi(t), T, are gain and delay of the " path in the
power delay profile of channel. This paper assumes the
be WSSUS (Wide Sense Stationary
Uncorrelated Scattering), and thus, g(f) is a mutually in-

channel to

dependent complex Gaussian random process with zero
mean, variance 0, (Jakes-like algorithm for g(t) co-
efficients generation found in [8]) and the autocorrelation
function [8]:

Rgi (At) = O’; 'JO (2ddmaxAt)

in which Jo.) and fym are the zero-order Bessel function
of the first kind and maximum Doppler frequency,
respectively.

If the condition A<<Bc<<BW (B¢ coherent bandwidth
of channel, BW: total bandwidth of system) is satisfied,
then each subcarrier only undergoes a flat fading.
Therefore, the frequency-selective Rayleigh fading chan-
nel’s transfer function H, can be modeled as
it

H =a.e

(11
where «, is the amplitude and @, the phase in the n”" sub-
channel or the n" subcarrier due to fade; a, are statisti-
cally independent Rayleigh random variables and ¢, are
uniform random variables over the interval [0, 2a]. In this

paper, 0, and @&, are assumed to be unchanged during each
symbol interval but fluctuate over longer periods of time.

2.1.3 Receiver model

The received signal after frequency down-converted,
guard-interval removed and analog-to-digital transformed
is processed sequentially as shown in (Fig. 4). First, the
discrete signal r(m) given by

r(m): éézflane”’”eﬂ’mf”akdmk +v(m) (12)

is N-point fast Fourier transformed for multi-carrier de-
modulation, where a, and &, are in (11); v(m) is a AWGN
component with zero mean and variance ol T sampling
period.
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(Fig. 4) Block diagram of the proposed receiver; D: detector

The resultant signal r is of the following form with an
assumption that the frequency synchronization is perfect:

n a H i |
i=Ad) D ®| |+

H |4
K S AE G (13)
r a H
where
S dae®ad  +V
r=zdaetady tV e N (14)

and noise vector V=[V; Vo - VaJ' is FFT of v=[v(1)
w2 - oN)J5 ()T transpose operator; d:@ Walsh-
Hadamard matrix; @: vector of the original data symbols;
®: element-by-element product; H: matrix of channel co-
efficients with each element given by (11).

Eq. (13) shows that there is interference among data
symbols, called IDSI (InterData-Symbol Interference),
which degrades the performance of the system.

Before the ax is decoded, r is despread by its own co-
des dx = [dik, dox, ", dN,k]T to produce a vector:

Vi =i Yok, yad' = r®d (15)

Then we apply the MMSE (Minimum Mean Square
Error) condition [9] on yx to recover a as follows

\ N
=zt (16)

where e, are combination coefficients given by [10]:

*

e =——H"
" |H,[ +1/SNR 1

1o

FIT AT 515

in which SNR is signal-to-noise power ratio.

It is straightforward to infer from (17) that MMSE de-
tector minimizes the IDSI and Gaussian noise while best
exploiting the frequency diversity benefits.

Finally, the detected symbols @’ are passed through a
processing block and parallel-to-serial transformed to re-
cover the original data block. The function of the process-
ing block is to simply remove the last bits of the recov-
ered data blocks with indices greater than 2. To explain
its mechanism more clearly, we take a simple example of
the system with N=8, two BPSK-modulated data groups
and by is chosen from the set {+1, -1} as follows.

Group index 1 2

1|—1]1|11‘1|*1l

The vector a as the input to the WHT block (see Fig.
1) is created by keeping the first group unchanged but in-

Original data

serting a bit b; into the last position of the second group
as the side information. The resulting stream is given by

Group index 1 2
1 | -1 l 1 l 1

Transmitted data a

1|1|*1|~1
A

Now we have two possible values of by as -1 or +1.
For each value, the optimizer will calculate the PAPR and
finally, it selects b; which creates the lowest PAPR to fill
in the last location in the second group. In this example,
we assume b; to be -1.

Assuming that the received vector a' = [a; a2 . av]
is [+1 -1 +1 +1 +1 +1 -1 +1]. Then the processing block
performs the reversed steps of the above. First, it remains
the first group and afterward removes b; out of the re—

ceived block.

Group index 1 2
1 ‘ 1 { -1 [

As a consequence, even though the SI bit is wrongly

OQutput of processing block

T

decoded, the system performance is not affected; that is, it
is independent of SI (vector b). This is a prominent fea-
ture of DGT over other PAPR-reducing techniques such
as PTS and SLM in [1] and sequence selection in [4]
which strongly depend on SI.
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3. Simulation results and discussions

In this part, we will present simulation results of three
systems: P-OFDM, C-OFDM and WHT-based OFDM
(WH/OFDM) in a frequency selective fading channel. The
complex baseband-equivalent model is used for simulation.
Assuming that the guard interval is longer than the max-
imum delay spread of the channel to completely suppress
ISI and each sub-carrier only experiences a flat Rayleigh
fading given in Eq. (11) with equal power expectation
values.

To be convenient for the goal of comparison among the
systems, computer simulations only examine the MMSE
detectors. Moreover, BPSK transmission and no channel
coding are considered and each element of the phase con-
trol vector b is selected from the set {-1, +1}. In addition,
the number of subcarriers is limited to N=16 and 32 for
low computation complexity. Furthermore, the channel state
information is assumed to be perfectly estimated at the
receiver.

(Table 2> PAPR's parameters comparison for C-OFDM, WH/OFDM
and P-OFDM (N=32-2 means 32 subcarriers and 2

groups)

P-OFDM Mean Variance Max Min
N=16-2 22959 0.1437 45011 1
N=16-4 1.9961 0.0656 3.7169 1
N=16-8 1.6732 0.0521 2.2609 1
N=32-2 29647 02804 | 70368 16173
N=32-4 26237 0.1628 6.7106 1.5569
N=32-8 22125 0.1183 6.1221 1

C-OFDM Mean Variance Max Min

N=16 3.7102 1.3295 16.0000 1.7071
N=32 4.3643 1.4969 18.0000 1.9321
WH/OFDM Mean Variance Max Min
N=16 2.5820 0.3142 6.1594 1
N=32 3.2316 0.4708 8.2103 1.6928

The statistical data of PAPR for the different number of
subcarriers N=16, 32 is illustrated in <Table 2> in which
PAPR is calculated for 500000 data symbol combinations
whose components are randomly selected with a uniform
possibility and the sample number per an OFDM symbol is
8N. Moreover, the group number under investigation is
M=2, 4 and 8 It is noted that our system becomes the
conventional WHT-based OFDM if M=1. As we can see,
for any value of N and M, the PAPR of the proposed

system is considerably better than that of C-OFDM and
WH/OFDM, particularly, its PAPRs fluctuate slightly
around the mean value (small variance), for example:
P-OFDM’s average PAPR is 2.9647 (N=32-2) while 4.3643
for C-OFDM and P-OFDM'’s PAPR variance is 0.28% in
contrary to 14969 for C-OFDM. Furthermore, other pa-
rameters such as maximum PAPR and minimum PAPR
are considerably less than those of C-OFDM and WH/
OFDM.

Number of subcamiers N=16

-+~ C-OFDM

— WH/OFDM

—+— P-OFDM-2 groups

—a— P-OFDM-4 groups
—— P-OFDM-8 groups |4

PAPR (dB)

(Fig. 5) ccdf of PAPR for C-OFDM, WH/OFDM and P-OFDM
(ccdf =Pr[PAPRYPAPRo])

<Table 2> also shows that PAPR’s parameters increase
with respect to an increase of N. With small variance, the
new system demonstrates that its PAPR is less sensitive
with input data combinations than C-OFDM or WH/OFDM
and changes almost slowly. In addition, the more groups
the input data is divided into, the more effective the PAPR
reduction. For P-OFDM, the probability that PAPR is
greater than 6.1221 is zero for the case of 32 subcarriers
and 8 groups; and similarly 2.2659 for N=16 and M=8.
However, the cost to be paid for this improvement in
PAPR is the bandwidth waste but BER performance is not
degraded because it is not dependent of SI (see Figs. 7-8).

In order to have an insightful and intuitive view on
PAPR statistics, Figs. 5-6 plot cedf (complementary cumu-
lative density function) of PAPR for N=16, 32 for M=2, 4,
8 groups. Once again these figures reveal a dramatic im-
provement in alleviating a high PAPR in the new system
over C-OFDM and WH/OFDM. For instance, a PAPR re-
ducing enhancement of the P-OFDM is about 5dB over
C-OFDM  and approximately 1.5dB over WH/OFDM at
cedf of 10 for N=16 and M-=2.
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Number of subcarmiers N=32

-% - C-OFDM

—e— WH/OF DM

—— P-OFDM-2 groups
—s— P-OFDM-4 groups
—— P-QFDM-8 groups |1

MR 12 14 18 18
PAPR (dB)

(Fig. 6) ccdf of PAPR for C-OFDM, WH/OFDM and P-OFDM

Number of subcarmriers N=16

% C-OFDM

—dbe- WH/OF DM

p P-OFDM-2 groups
-4~ P-OFDM-4 groups
-@- P-OFDM-8 groups ||

SNR (d48)

(Fig. 7) BER Performance of C-OFDM, WH/OFDM and
P-OFDM for N=16

BER performance in frequency selective Rayleigh fading
channel with AWGN illustrated in Figs 7-8 shows that the
performance of C-OFDM is significantly degraded by fad-
ing channel. However, for P-OFDM, due to frequency di-
versity benefit, its performance is considerably improved in
comparison to C-OFDM with approximately 5dB SNR gain
at BER 102 for any N and M. Furthermore, BER en-
hancement accelerates with respect to an increase in the
subcarrier number while C-OFDM's BER is almost
unchanged. This is because the frequency diversity gain
also increases according to N. Obviously, this property can
not be found in C-OFDM. Figs. 7-8 also demonstrate that
there is no performance degradation for P-OFDM as the
number of groups increases because as reasoned in part
21 that P-OFDM's performance is independent on the
number of groups. Therefore, the performance of P-OFDM
is also identical to that of WH/OFDM.

mjo

F

rot

A 517

Number of subcamiers N=32

% C-OFDM

—the VWHIOF DM

| P-OFDM-2 groups
- P-OFDM-4 groups
107°F -@ P-OFDM-8 groups | |

0 5 10 15
SNR (dB)

(Fig. 8) BER Performance of C-OFDM, WH/OFDM and
P-OFDM for N=32

4, Conclusion

WHT-based OFDM system outperforms the conven-
tional OFDM system in both aspects of BER performance
and PAPR reduction without bandwidth expansion. By
subdividing the input symbol stream into smaller groups,
our proposed system cqrrects the disadvantage of WHT-
based OFDM in high PAPR. The larger the number of
groups, the more PAPR reduction increases and the less
bandwidth utilization efficiency but not deteriorate error bit
probability performance. Therefore, our system is suitable
to apply for the transmitters of high frequency amplifiers
with small dynamic range and operated in harsh environ—
ments as multi-path fading channels.
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