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Abstract

One of problems of OFDM systems, is the big value of peak to average power ratio. To reduce it, any attempt have
been done amongst which, random phase updating is an important technique. In contrast to paper, since power variance is
computable before IFFT block, the complexity of this method would be less than other phase injection methods which
could be an important factor. Another interesting capability of random phase updating technique is the possibility of
applying the variance of threshold power. The operation of phase injection is repeated till the power variance reaches
threshold power variance. However, this may be a considered as a disadvantage for random phase updating technique.
The reason is that reaching the mentioned threshold may lead to possible system delay. In this paper, in order to solve the
mentioned problem, DCT transform is applied on subcarrier outputs before phase injection. This leads to reduce the
number of required carriers for reaching the threshold value which results in reducing system delay accordingly.

Keywords: Orthogonal Frequency Division Multiplexing (OFDM); Peak-to-Average Power Ratio (PAPR); Random
Phase Updating; Discrete Cosine Transform.

1. Introduction

If OFDM subcarriers would be summed in an inphase
manner, a high signal peak would be produced in the time
domain. As the signal variety range is an important factor
in performance of telecommunication facilities (e.g.
Transmitter/ Receiver), reduction in this range would
lessen the system implementation expenses (1). High
signal peaks in time domain can be troublesome in two
aspects. One problem is reduction in analog to digital
converters performance by expanding their input range
and increasing the quantization noise. The other problem
is a drop in performance level of RF amplifier in the
transmitter side. In case of higher values of peak to
average ratio of power in transmitted signal, trying to
reduce the average values before the transmission process
will affect the performance of amplifier and also raises
the error probability in receiver; otherwise transmitted
signal would be distorted because the peak signal power
would be higher than the linear range of amplifier.
Recently, PAPR overheads have been really considered as
a problem, since the OFDM has had an important role in
communication systems. In the last decade many
solutions, such as Coding methods [3], Tone-
reservation[4], Selective Mapping [5], Random phase
injection algorithm [6] etc., has been proposed to solve
the PAPR problem in OFDM systems. In this article we
tended to improve the random phase updating technique
(which is one of the phase injection methods) using
discrete cosine transform as novel technique.
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2. PAPR Problem and Random Phase
Updating Technique

An important issue in multi carrier systems, especially
OFDM systems, is the high ratio of peak to average
power (PAPR), which is one of the inherent
characteristics of the transmitted signal.

Generally, high peaks can be seen in transmitted
signal when the phase of subcarriers signals would be
summed constructively. PAPR is defined mathematically
in the following review.

An OFDM signal can be written as follows [6]:
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Where T is the OFDM symbol duration b, (i)is the
symbol of the mth sub channel at time interval iT. Which
is +1 for BPSK modulation, p(t) is a rectangular function
with amplitude one and duration T, and M is the number
of carriers. The OFDM signal of (1) in the time interval of
0 < t < Tcan be written as

M-1
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m=0
The power of s(t)is:
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The PAPR of the OFDM signal is written as:

Max{p(0)}
PAPR = ——— 4
Mean{p(t)} )
The variation of the instantaneous power of OFDM

signal from the average is:

Ap() = p(t) — E[p(D)] )

And accordingly, the power variance (PV) of OFDM
signal, denoted by p, can be written as [3]:

T M-1
p=1[ (8p(0)"dt=Y Ru(OP ®
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Where Ry, (i) is the autocorrelation function of the
sequenceby,.
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The power variance p is a good measure of the PAPR.
PV and PAPR are related to each other according to the
following relationship:

PEeo)r

Where denotes the probability that p(t) be less than or
equal to pmax and

Q) = /2 du ©)
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From (7) it is seen that for a fixed  the OFDM signal
with high PAPR has a high value of p.Because of the less
computational burden in calculation ofp, [see (5), 6)], in
this method concentrate on the power (variance and
assess its value for the random phase updating algorithm.
However, using (7) the corresponding value of PAPR can
also be obtained As shown in Fig. 1 in the random phase
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updating algorithm for each carrier a random phase is
generated and assigned to that carrier. Using (2) the
OFDM signal with phasing is written as:

s(t)

M-1

— Z bm ejZH((m/T)t+®m) (10)
m=0

Where 2@, is the mth subcarrier phase shift. Adding
random phases to each subcarrier will change the power
variance of OFDM signal. In the random phase updating
algorithm, the phase of each subcarrier is updated by a
random increment as:

(Q)m)l = (Q)m)i—l + (Awm)lm = 0’1! ey M-1 (11)

Where iis the iteration index and (A@,,); is the phase
increment of mth subcarrier at ith iteration. In the random
phase updating method, without loss of generality, the
initial phase, i.e., (A@,), , can be considered zero.
Consequently, a random phase increment is generated and
the phase is updated by adding the increment to the phase
of that subcarrier. Flow chart of the algorithm for this
iterative phase updating is shown in Fig. 2. In Fig. 2(A) a
certain threshold for PV is set and for Fig.2 (B) a limited
number of iterations is allowed:
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Fig. 1. Block diagram of OFDM with phasing showing the principle of
adding phase shifts to the OFDM symbols.
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Fig. 2. generating and injecting random phase for OFDM system
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In this method different distributions for the random
phase increments have been considered and their
influence on the PV has been investigated. Two
distributions are Gaussian (A@,, = N(0,x?)) and Uniform
( A@, = Unif[0,x] ), where x € {0,0.25,0.5,0.75}.
Results are shown in Table I.

Table 1. power variance and number of iterations for the random phase updating
algorithm with uniform and Gaussian distributions of phase increments

Uniform Distribution Nermal Disiribution
Power No.of Power Noaof
Venance fiershion Vaname Heration

X Mean | Stddv | Mean | Sdov | Mean | Stddv | Mean | Stddv
g | 7089 | 902 | 3338 | 425 | T2 | 837 | 3905| S0

106 | 6908 | 087 | 98 | 18

oy

(5 [ 6385 | 939 | 583

05 [6757 | 999 | 495 | 616 | 6764 [ 93 | 515 | 639
075 | 6747 | 10 | 462 | 575 [ 6745 | 10 | 467 | 381
B | 6740 | 10 | 484 | 38 | 8736 | 10 | 48 | 3%

It is seen that there is no significant difference in the
PV results when Gaussian or Uniform distribution is
considered for the phase increments. In the rest of the
method the uniform distribution has been chosen for the
distribution of phase increments. The influence of
different variances of the phase increments on the
reduction of OFDM signal has been investigated. Results
indicate a connection between phase shift variance and
the PV number of iterations required reaching the
threshold. Simulations have been carried out for different
number of carriers as well as different PV thresholds. As
shown in Fig. 3 when variance of phase shift increments
is small more number of iterations is required.

This can be clearly justified. When standard deviation of
phase increments is small the generated phases are likely not
good to reduce the PAPR. But when the standard deviation
of phase increments is large, the random phase increments
have larger variations and it is more likely that their values
be proper to decrease the PV. As seen in Fig. 4 by increasing
the standard deviation of phase increments the number of
iterations to reach the threshold decreases. Meanwhile, the
lower the PV threshold the more the number of iterations.
That is quite clear since lower threshold or smaller PV needs
more iterations to select the proper phases for the subcarriers.
From Fig. 3 the influence of different number of carriers on
the number of iterations for different variances of phase
shifts is also clear. It is obvious that increasing number of
carriers from 8 to 48 slightly changes the number of
iterations of the algorithm. As shown in Fig. 4, and unlike
the number of carriers, the threshold level has a significant
effect on the number of iterations of the algorithm.
Efficiency of the algorithm is mainly related to the selected
threshold level and consequently number of iterations and

not the number of carriers. This is why in Section IV the
dynamic reduction of threshold is proposed.

Normalized No. Of iterations

Fig. 3. Normalized mean number of iterations versus phase shift
variance parameters a; for M = {8, 16, 32, 48} BPSK OFDM signal
simulated with random phase updating algorithm (Fig. 2(A)).
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Fig. 4. Normalized mean number of iterations versus phase shift variance
parameter a; for 8-carrier OFDM system and different threshold levels,
simulated with random phase updating algorithm of Fig. 2(A).

Reducing of the PAPR with phasing implies a high
degree of complexity and side information. For large
number of carriers the computational burden for the
calculation of PV is increased [see (5)]. Besides, because of
more carriers more phases are involved in the algorithm
which leads to more side information. The phase shifts
have to be known at the transmitter and receiver. To lessen
the problem, the gquantization and grouping of the random
phase increments has been carried out. Quantization of the
phase shift to BPSK (i.e., 2) or QPSK (i.e., 4) type phase
shifts  (i.e., A@, €{0,0.5} or {0,0.25,0.50.75} ,
respectively) each phase shift which leads to a reduced
complexity of the algorithm. Grouping means subcarriers
are bundled and all subcarriers in the same bundle (group)
get the same phase shift increment (see Fig. 5). By
grouping the complexity of the algorithm is further reduced.
Simulations were carried out for a 16-carrier OFDM for
two and four levels of phase quantization and different
number of iterations (Fig. 6). Results shown in Fig. 6
indicate that rounding of the phase increments to two levels
does not change the variance and reduces the mean of PV.
Grouping for 16 carrier BPSK-OFDM was examined with
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2 groups of 8 carriers, 4 groups of 4 carriers and 8 groups
of 2 carriers and for different
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Fig. 5. Block diagram illustrating the grouping of the phases.
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Fig. 6. Mean and standard deviation of power variance versus the phase
quantization level for different number of iterations. OFDM with 16
carriers and BPSK modulation.

3. Discrete Cosine Transform

Discrete cosine transform is a reversible transform [7].
Input of this transform should be a vector and the process
returns it’s discrete cosine Fourier transform as an output.
This way autocorrelation of the input series would be
dropped so that the PAPR would be reduced [8].

Discrete cosine transform is defined as equation (12):

A n(n—1)(k—1)
y(k) = w(k) Z x(n) cos (T)! (12)
=t k=12..,N
Which in equation:

1
—, k=1
VN

wk) =4 [
\g' 2<k<N

Since the discrete cosine transform reduces the inter-
symbol correlation, it can also reduce the PAPR. This
transform is really interested because of it produces low

complexity and also it has no destructive effects on BER [9].

4. Combination of Discrete Cosine Transform
and Updating Random Phase Techniques

One of the important advantages of random phase
updating technique, is the relation between OFDM
symbol power variance and PAPR. The complexity of this
technique is less than that of most phase injection
methods, because opposed to PAPR method, the power
variance is computable before IFFT block. Another
capability of random phase updating technique, is
applying threshold power variance. In this method, phase
injection would be continued until the time that power
variance reaches to its threshold. However, it is possible
that the power would not reach to its threshold value in a
pre-determined time. This could be a disadvantage for
random phase updating technique.

Therefore another technique is required as well as
random phase updating for reducing both PAPR and
complexity, currently. It is worth mentioning that in the
proposed system, DCT of subcarriers is calculated before
phase injection. This results in reducing symbols
correlation which leads to power spectral density
reduction. After phase injection, random phase updating
is applied to new subcarriers. This leads to more
reduction of PAPR compared to random phase updating.
Also, the number of iterations for reaching threshold
power variance world be would reduced. The block
finally the BER would be reduced.

Random
= S/P [= DCT =3 #hase |—s| IFFT [=

Fig. 7. The block diagram of combining random phase updating and DCT

5. Simulation Results

In the simulation results, it will be shown that the
number of iterations required for reaching threshold power
variance, PAPR value and bit error rate parameter, would
be improved using the proposed combination technique.

5.1 Reducing the Number of Iterations Required
for Reaching Threshold Power Variance

As discussed in section 4, reaching a desired threshold
power variance requires to additional delay in random
phase updating technique. This is one of the most
important disadvantages of the mentioned technique. In
order to, solve this problem, simultaneous using both DCT
pre-coder and random phase updating is proposed in this
paper. The proposed scheme is simulated using
MATALAB. As it is shown in pictures (8 and 9), applying
discrete cosine transform besides updating random phase
technique, causes a considerable reduction in the numbers
of repetitions required to reach the power variance (rather
than updating random phase technique itself).
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Fig. 8. Effect of applying DCT in numbers of repetitions required to
reach the power variance in an 8 subcarrier OFDM system.
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Fig. 9. Effect of applying DCT in numbers of repetitions required to
reach the power variance in a 32-subcarrier OFDM system.

As shown in pictures (10-13), discrete cosine
transform and updating random phase technique together,
reduces the numbers of repetitions required to reach the
power variance. Simulation has been done on a 16-carrier
OFDM system using BPSK modulation for a 10 dB
power variance (Picture (10)); a 12 dB power variance
(Picture (11)); a 15 dB power variance (Picture (12)) and
a 22 dB power variance (Picture (13)).
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Fig. 10. Effect of applying DCT besides updating random phase
technique in numbers of repetitions required to reach the power variance
of 10 dB in a 16-subcarrier OFDM system using BPSK modulation.
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Fig. 11. Effect of applying DCT besides updating random phase
technique in numbers of repetitions required to reach the power variance
of 12 dB in a 16-subcarrier OFDM system using BPSK modulation.
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Fig. 12. Effect of applying DCT besides updating random phase
technique in numbers of repetitions required to reach the power variance
of 12 dB in a 16-subcarrier OFDM system using BPSK modulation.
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Fig. 13. Effect of applying DCT besides updating random phase
technique in numbers of repetitions required to reach the power variance
of 22 dB in a 16-subcarrier OFDM system using BPSK modulation.

5.2 Reducing PAPR Value

Based on (7), power variance value has a forward
correlation with PAPR. Therefore, using the proposed
combination scheme, PAPR would be reduced with a
value of 1.8 db more than that of random phase updating
method. This, can be verified using CCDF diagram.
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Fig. 14. Comparison between reducing PAPAR in two methods.
5.3 Improving BER

In order to send a signal through a wireless
communication channel, it is required that the transmitting
signal be amplified at the sender side. It should be
mentioned that the power amplifiers often have a limited
range. Therefore, the signal power could not be increased
with a desired value. As a result, BER at the receiver side
would be increased due to signal attenuation. However,
since using the proposed combination scheme PAPR would
be decreased, BER would be decreased too. Based on
Fig.15, BER of the proposed scheme decreased with a value
of 2.1 db compared to random phase updating technique.
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