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Abstract—This paper examines the probability of the bit
error rate (BER) and the spectral efficiency of the Orthogonal
Frequency Division Multiplexing (OFDM) system and introduces
the performance enhancement of using adaptive modulation in
the system. Best modulation scheme according to higher data
rates is investigated on the basis of channel quality indicators
(SNR, Doppler shift generated by receiver speed, and BER) for
different modulation types (QPSK, and M-QAM). Rayleigh
fading channel corrupted by AWGN is considered in the
simulation. The work also introduces an idea when channel
prediction is most valuable to adaptive modulation and when it is
not. The tables at the end of the paper show the conditions by
which the modulation type can changed. Matlab program has
been used to implement the whole system.

Index Terms—Bit Error Rate (BER), Signal to Noise Ratio
(SNR), Orthogonal Frequency Division Multiplexing (OFDM)
Adaptive Modulation, Cyclic-prefix (CP), Digital Modulation
Schemes, channel quality indicator (CQI) ,Rayleigh Fading
Channel, Doppler Effect and Additive White Gaussian Noise
(AWGN).

I. INTRODUCTION

During the past few years, there has been a huge
development in wireless technology. This development has
opened new applications of wireless communication without
location or movement constrains. These days, the maximum
data rates for 4G network is 1GB/s for indoor and 100MB/s
for outdoor environments [1].

These high data rates for indoor and outdoor
environments cannot be achieved by using single carrier
systems, because at high data rates the problem of inter-
symbol interference will arise and one symbol interferes to
another symbol periods. The data will be highly distorted,
therefore the need for multicarrier transmission systems
arises [2]. Multicarrier transmissions can be achieved by
dividing the available bandwidth into a number of narrow
bands called sub-bands. Each sub-band is modulated by a
sub-carrier and transmitted simultaneously with other sub-
carriers [3].

In recent years orthogonal frequency division
multiplexing (OFDM) has proven that it is one of the most
successful techniques. In context of wired environments,
OFDM techniques are also known as Discrete Multi-Tone
(DMT) transmissions and are employed in American
National Standard Institute’s (ANSI’s) Asymmetric Digital
Subscriber Line (ADSL) and Very high Digital Subscriber
Line (VDSL) standards as well as in the European
Telecommunication Standard Institute’s (ETSI’s). In

wireless scenario, OFDM has been used by many European
standards such as Digital Audio Broadcasting (DAB) Digital
Video Broadcasting for Terrestrial Television (DVB-T)
Digital Video Broadcasting for Handheld Terminals (DVB-
H), Wireless Location Area Networks (WLANs) and
Broadband Radio Access Networks (BRANS) [4] [5].

Arthur H. Ballard in 1966 [9] claimed a new technique for
multiplex communication, in which orthogonal pulse
waveforms were transmitted as simultaneous subcarriers.
Information signals were carried in the form of independent
amplitude modulations of each subcarrier, and were
extracted by means of waveform correlation. He named the
claimed new technigue as ORTHOMUX (orthogonal
multiplexing), which offers the advantages of
1) High spectrum efficiency.

2) Maximum rejection of crosstalk and noise.

3) Information response down to zero frequency.
4) Mixed information rates.

5) Simple, compact equipment.

6) Modular flexibility.

Before 1971 the use of OFDM technique was limited on
the military applications because it required a bank of
sinusoidal subcarrier generators and demodulators. After
1971 Weinstein and Ebert [11] suggested that modulation
and demodulation processes of the OFDM system can be
implemented by using Inverse Discrete Fourier Transform
(IFFT) at the transmitter and Discrete Fourier Transform at
the receiver, which significantly reduces the complexity of
the OFDM system [4] [6].

Adaptive modulation is another important technique used
to increase the data rate, to get maximum data throughput
with acceptance Bit Error Rate (BER) [7]. The adaptive
modulation is done by estimated the channel SNR and the
Doppler frequency shift [8].

The need for communication with high data rate and
accepted bit error rate (BER) led to look for and investigate
new techniques of digital communication, and to use the
available bandwidth in efficient ways. Dinesh B. Bhoyar
et.al. in 1997 [1] tried to increase the spectrum efficiency
by using a good channel estimator with high order
modulation schemes.

J.Faezah, and K.Sabira in 2009 [10] considered only
adaptive modulation and investigated the OFDM system
performance of uncoded adaptive modulation using
quadrature amplitude modulation (QAM) and phase shift
keying (PSK). To further enhance the system, they tried to
employ convolutional coding to OFDM system. The
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obtained results show that a significant improvements in
terms of bit error rate (BER) and throughput can be
achieved demonstrating the superiority of the adaptive
modulation schemes compared to fixed transmission
schemes.

Sami H.O. Salih and Mamoun M.A. Suliman in 2011 [11]
Proposed high order modulation schemes which are used
with good conditions of the channel. The lower order
modulation schemes (BPSK, QPSK) are used with bad
conditions of the channel.

In 2012 Salima ElI Makhtari et.al [12] investigated the
performance evaluation of OFDM LTE downlink physical
layer according to the latest 3GPP specifications. The
investigation had been done by using AGWN channel and
for static receiver and transmitter.

Mustafa Dh. Hassib in 2014 [13] proposed a method to
estimate the link performance for space time block code
(STBC) systems with maximum likelihood detector (MLD).
This can be achieved by using a dispersion of receiving
symbols(DOS) in the constellation mapping to represent the
current channel state information (CSI) in subsequent frame
followed by the selection of an appropriate modulation
coding scheme for the next frame.

Il. OFDM WIRELESS COMMUNICATION SYSTEM
The OFDM technique is the basic for many modern
communication systems such as the 3GPP Long Term
Evolution as a downlink transmission scheme, WiMax and
the Digital Video Broadcasting (DVB). The OFDM
transmission can be characterized as a multicarrier
transmission.
The basic characteristics of OFDM transmission are:[16]

1. Number of narrow subcarriers are simultaneously
transmitted to occupy the available bandwidth in
efficient way and some times the number of
subcarriers may be huge and can reach to thousand
subcarriers.

2. Usually the subcarrier spacing is Af = 1/T,,
where Tyis the per-subcarrier modulation symbol
time which is illustrated in Figurel. The subcarrier
spacing therefore equals to the per-subcarrier
modulation rate1/T,.

Fig 1 OFDM subcarrier spacing [16].
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The term Orthogonal Frequency Division Multiplex is due
to the fact that two modulated OFDM subcarriers X, and

x, are mutually  orthogonal over the  time
interval mT,, = t < (m+ 1)T, i.e. [16]
lm+UTy
J‘ Xy (&) x; di =
MTy
lm+ 0Ty,

J‘ ay, af, el AT gmIERAT g = 0 for ky # Ky v
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I1l. OFDM IMPLEMENTATION USING IFFT/FFT
PROCESSING

Although an OFDM modulation and demodulation can be
achieved by using a bank of parallel modulators and
correlators, respectively, but in actual implementation it is
difficult to get large numbers of modulators and correlators
that can work synchronously. In addition, the subcarrier
spacing 4f which is equal to the per-subcarrier symbol
ratel/T,leads to huge structure implementation. These
problems were resolved after the invitation of the IFFT/FFT
where IFFT/FFT circuit can be used instead of the bank of
modulators/correlators  respectively. Of course, the
IFFT/FFT circuits are much easier to implement and more
economic.

To prove that the IFFT/FFT can be used instead of

modulators/correlators, since f; = . Z=n =Af ; where f;

is the sampling rate, N number of samples and Af is the
subcarrier bandwidth and T, is the sampling time, then
parameter N should be chosen so that the sampling theorem
is sufficiently fulfilled. Asf; = Af can be seen as the
nominal bandwidth of the OFDM signal, this implies that
Nshould exceed N.with a sufficient margin. With these
assumptions, the time-discrete  OFDM signal can be
expressed as [16]

M-t N1 N,-1

— - jImkafaT, — jamhn (N — 1 fIEhkn N
1, =xnl) = Z f @14 Ty = Z o6l = Z a6l

k=0 k=0 k=0

,_Iah 0<k <N,
%=l N.<k<N

Thus, the sequence x,,i.e. the sampled OFDM signal, has
the size-N Inverse Discrete Fourier Transform (IDFT) of the
block of modulation symbols ag. @y, ... ay__, extended with
zeros to length N”. Therefore, OFDM system modulation
can be implemented by using IDFT with digital to analog
converter as shown in figure2.
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Fig 2 OFDM modulation by means of IFFT processing [16].

By choosing the size of the IDFT so that it is equal to
2™where m is an integer value, the OFDM modulation can
be implemented by means of implementation-efficient
radix-2 Inverse Fast Fourier Transform.

Similar to the OFDM modulation, the OFDM
demodulation can be achieved by using FFT instead of a
bank of parallel correlators and by using a sampler with
sampling ratef; = 1 /T, as shown in figure3 [16].
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o, | | i
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m > h | |SizeN| ‘.,
—»SP| DFT !
! (FFT) f;NIC-1 .
i —
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Fig 3OFDM demodulation by means of FFT processing [16].

The whole OFDM system that is implemented by using
IFFT/FFT can be shown in Figure 4.
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Fig 4 Block diagram of transmitter and receiver in an OFDM
system [18].

Bit Stream OFDM signal

IV. CYCLIC-PREFIXINSERTION

To overcome the problem of the interference between
subcarriers due to time dispersive channel and to get an
insensitive OFDM signal to time dispersive channel, a
cyclic-prefix insertion is used. As shown in Figure5, cyclic-
prefix insertion implies that the last part of the OFDM
symbol is copied and inserted at the beginning of the OFDM
symbol [17]. Therefore the length of the OFDM symbol
increases from T, toT,, + T, due to the insertion of cyclic
prefix, where T, is the length of the cyclic prefix, with a
corresponding reduction in the OFDM symbol rate as a
consequence. As illustrated in the lower part of Figure5, if
the correlation at the receiver side is still only carried out
over a time intervalT,, = 1/4f, subcarrier orthogonality will
then be preserved also in case of a time-dispersive channel,
as long as the span of the time dispersion is shorter than the
cyclic- prefix length [16].
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Fig 5 Cyclic-prefix insertion [16].
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V. EQUALIZATION AND CHANNEL ESTIMATION

If =(t) is the original information signal and f(t}is the
combined complex baseband impulse response of the
channel then the signal received by the equalizer is [14].
yO=x @0 +nl ... (2.13)
Where £*(t) is the complex conjugate of f(t), ny (£} is the
baseband noise at the input of the equalizer, and = denotes
the convolution operator. If the impulse response of the
equalizer ish,g (t), then the output of the equalizer is [14]
40 =x0 @ ') @ heg® + np® @ hyg

=x(1) @ glt) + np(® @ heg(®) oo o (2.24)

The aim of the equalizer is to get
Heq (F*(-f) =1 (2.15)

Where H,, (£) and F(f) are the Fourier transforms of h,, (£}
andf(t), respectively.
A flat fading channel can be characterized as multipath
channel which has only one path and represented as a single
tab filter. Therefore, the convolution operation between the
signal and channel can be converted into multiplication as
shown in equation (2.16) [20]

y(&) = =) = f(£) + my(2)
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VI. LINK ADAPTATION

The idea of the link adaptation is to get a maximum data
throughput with acceptable bit error rate (or with acceptable
block error rate (BLER)) [22]. The main idea of the link
adaptation depends on the state of the channel. The channel
state is determined by the receiver side then transmitted
back to the transmitter side every time to live (TTL). The
process of the channel state transmission from the receiver
to the transmitter is known as channel quality indicator
(CQI) report. The CQI is determined according to the
received signal to noise ratio at the receiver. After receiving
the CQI report by the transmitter side, the modulation and
the code scheme of the transmitted data will change
accordingly. That means, the data rate may be changed with
each received CQI report according to the link adaptation
algorithm which is pre-identified. Also the capability of the
receiver data processing time and the memory speed should
be taken in to account by the link adaptation algorithm
[15].In some wireless communication applications, a power
controller is used to adjust the transmitted signal power in
order to get an approximately constant SNR at the receiver.
A constant SNR means that the power controller is used to
compensate the channel fading effects. In poor channel
conditions, the power controller transmits high power and
vice-versa. The constant SNR at the receiver leads to a
nearly constant BER which is needed in many
communication systems such as WCDMA and CDMA2000
[16].

VIl. PRACTICAL WORK

A. LTE Time domain of OFDM symbol without CP

According to the LTE protocol [19], the available
bandwidth is 20MHz, subcarrier spacing is 13KHz and
number of subcarriers is 1200 subcarriers and carrier
frequency is 2.6GHz. Two carriers are used to modulate the
OFDM symbols, the sine carrier is used to modulate the real
part and the cosine carrier is used to modulate the complex
part or vice versa. Each OFDM subcarrier is modulated with
different complex symbol (QPSK, 16QAM, 32QAM,
64QAM, 128QAM or 256QAM). The modulation process of
the subcarriers is done by using IFFT of size 2048 (2'%).
The first 424 and the last 424 IFFT inputs are zeros padded
in order to get a symmetric zero padding. The remaining
1200 inputs of the IFFT are connected to the complex
modulated symbols that are produced from the used
modulation scheme. According to the IFFT size, the OFDM
symbol consists of 2048 complex samples which are
obtained after the parallel to serial convertor. The number of
the transmitted OFDM real samples is equal to 2048. The
number of the transmitted OFDM imaginary samples is
equal to 2048. Therefore, two signals are transmitted
simultaneously. The first signal represents the real samples
and up converted by using the sine carrier. The second
signal represents the imaginary samples and up converted by
using the cosine carrier. The time space between each
adjacent OFDM samples is 0.0326 psec

(66.7 usec/ (2048 — 1)) so the overall OFDM symbol
duration is 66.7 psec. The bandwidth occupied by the
OFDM symbol is equal to 18MHz (1200 = 15KHz). The
remaining 2MHz is used as guard band. Figure 6 shows a
normalized ODFM symbol in time domain before channel
and noise effects. Also in this case there is no cyclic prefix
insertion. In this work the normalization is always applied
and has no effect on the system performance because a
percentage noise is added to the signal to get the desired
signal to noise ratio at the receiver.

0.05
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I I I
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Time(micro second)
(a)

Imaginary
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T|rne(rn|%rjo) second)

Fig 6 Transmitted OFDM symbol for QPSK modulation and
without cyclic prefix (a) real part (b) imaginary part.
To have a clear idea about the OFDM symbol spectrum, the
power spectral of the OFDM symbol is plotted by taking the

(20logy, bs {{{F T (*rm{{.r () }):I :l}) and
(20logysabs {((F.T (imag (x(®)))))}) where x(#) is the

complex OFDM symbol and F.T is the Fourier transform.
Figure 7 shows the power spectrum of one OFDM symbol.

Poweridb)

FPower(db)

e 5 10 15 20 25 30 35
Frequency (MHz)
(®)

Fig 7 Power spectrum of the transmitted OFDM symbol
without CP (a) real part (b) imaginary part

Figure7 shows that the bandwidth of the real and
imaginary parts are the same. To determine the bandwidth
of the transmitted OFDM symbol, one can use the real or the
imaginary part only. Figure 8 shows the real part OFDM
symbol bandwidth in zooming.
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Fig 8 OFDM symbol bandwidth (a) without zooming (b), (c)

with zooming.

Figure 8 shows that the OFDM bandwidth is equal to
18MHz (6.43MHz-24.3MHz). The power spectrum outside
the mentioned range is fast decaying from Odb to around -
40db. Also in practice a band pass filter is used to attenuate
the frequencies outside the specified bandwidth range in
order to reduce the interference with the adjacent bands. In
this work the band pass filter is not considered since there is
no interference with adjacent spectrums because the
MATLAB software assumes there is no other
communication systems.

B. Cyclic prefix insertion

Although the OFDM system is used to eliminate the
problem of the Inter-symbol interference (ISI) but there is an
ISI in the initial part of the OFDM symbol only. The
solution to this problem is by copying the last part of the
OFDM symbol and insert it at the beginning of it, this
process is known as cyclic prefix insertion (CP). The added
cyclic prefix to the OFDM symbol at the transmitter should
be removed at the receiver. In this work the CP duration is
chosen to be equal 4.7usec according to the LTE protocol.
After CP insertion, the OFDM symbol duration becomes
71.4 psec(66.7usec + 4.7usec’) as shown in figure 9.
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Fig 9 CP insertion in the transmitted OFDM symbol (a) real

part (b) imaginary part.

To see the details of the power spectrum of the OFDM
symbol, zooming was done on parts of the graph before
adding the CP and after adding it. Figure 10 shows that
zooming, only a real part of the complex OFDM symbol is

considered in the graph since imaginary part has the same
details.

Power(cb)

Paower(db)

6.3 6.4
Frequency (MHz)
(b)

6.5 15.8 15.9 16
Frequency (MHz)
()

Fig 10 (a) Power spectrum of the OFDM symbol before adding
CP and after adding it (b), (c) zommed of the beginning and
the end of (a).

It is obvious from figure 10 that the bandwidth needed to
transmit one OFDM symbol before and after adding CP is
the same. Therefore, the added CP does not introduce extra
bandwidth to the transmitted OFDM symbol and that is
because the added CP is a part of the OFDM symbol itself
and contains the same frequency spectrum. Figure 11 shows
the bandwidth of the CP part of the OFDM symbol.

0

20

Power (real)

-40

Power {imag)

0 5 10 15 20 25 30 35
Frequancy({MHZz)

Fig 11 Power spectrum of the CP part of the transmitted
OFDM symbol (a) real part (b) imaginary part.
Figure 11 shows, that the added CP to the OFDM symbol
has the same bandwidth of the OFDM symbol before adding
the CP. therefore; the added CP does not introduce an extra
bandwidth to the transmitted OFDM symbol.

C. OFDM receiver

In the OFDM receiver, a single tab equalizer is used to
compensate the Rayleigh fading channel effects. A single
tab equalizer in the OFDM system receiver can be used
instead of multi tab equalizers because the idea of the
OFDM system is to convert the transmitted signal into a
multiple of narrow band subcarriers. Each narrow band
subcarrier is affected by flat fading channel. As mentioned
previously the transmitted OFDM symbol is consisting of
real part and imaginary part, each one is transmitted
separately with sine or cosine wave.

After the equalization of the real part and imaginary part,
the two equalized parts are summed to reproduce the
transmitted complex OFDM symbol of size 2048 complex
samples affected by the noise. The recovered complex
OFDM symbol is applied to a Fourier Transformation of
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size 2048 which is similar to the transmitting side where the
modulated symbols were applied to Inverse Fourier
Transform of size 2048. Also the first 424 and the last 424
complex samples of the FFT output are ignored since in
IFFT those samples were considered as zeros. Although the
ignored samples may have small complex values rather than
zero because the samples may be corrupted by AWGN. At
the last the remaining samples become 1200 which are
containing all the transmitted information but corrupted with
noise. The 1200 complex samples are then applied to a
proper demodulation scheme (QPSK, 16QAM, 32QAM,
64QAM, 128QAM or 256QAM). The selected
demodulation scheme in the receiver side to recover the
transmitted data in the binary form is complement of the
modulation scheme that is used in the transmitter side.

VIIl. RESULTS AND DISCUSSIONS

The relationships between signal to noise ratio (SNR) and
bit error rate (BER) performance for (QPSK, 16QAM,
32QAM, 64QAM, 128QAM and 256QAM)
modulation/demodulation types and at different receiver
equipment speed have been found by assuming 10% of the
transmitted data as pilots to estimate the actual Rayleigh
fading channel coefficients [21]. The effect of the Rayleigh
fading channel has been nearly removed by considering the
estimated Rayleigh fading channel coefficients in the single
tab equalizer. Then the output of the equalizer is applied to a
proper demodulation schemes to recover the transmitting
bits with a bit error rate as shown in figurel2, figurel3,
figurel4, figurel5, figyrel6 and figurel7. The range of SNR
is from Odb to 60db.
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10" s
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|
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Fig 12 BER curves for QPSK for different speeds, 10% of
transmitted data are used for channel estimation.
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Fig 13 BER curves for 16QAM for different speeds, 10% of
transmitted data are used for channel estimation.
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Fig 14 BER curves for 32QAM for different speeds, 10% of
transmitted data are used for channel estimation.
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Fig 15 BER curves for 64QAM for different speeds, 10% of
transmitted data are used for channel estimation.
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Table 3.BER for 10db SNR

10° . r . , :
od | QPSK 16QAM | 32QAM | 64QAM | 125QAM | 256QAM
p speed
10 0Km/h 10°—1.018 | 10°—0.642 | 10°—0.551 | 10°—0.507 | 10~—0.458 | 10°—0.432
20Km/h | 10°—1.052 | 10°—0.693 | 10°—0.602 | 10°—0.549 | 10"—0.49 | 10—0.468
w0k 40Km/h | 10°=—1.113 | 10°—0.673 | 10°—0.58 | 10°—0.514 | 10°—0467 | 10°—0.45
60Km/h | 10°—1.022 | 10°—0.656 | 10°—0.563 | 10°—0.517 | 10°—0.472 | 10°—0.444
S Rayieigh{OKm/h) 80Km/h | 10A—1.012 | 10°—0.65 | 10°—0.56 | 10°—0.506 | 10"—0.47 | 10°—0.442
+— Rayleigh(20Km/h) 100Km/h_ | 10A=1.009 | 10°—0.648 | 10°—0.547 | 10°—0.506 | 10°—0.46 | 10°—0.441
Rayleigh(40Km/h) 160Km/h_ | 104—0.966 | 10°—0.638 | 10°—0.547 | 10°—0.479 | 10*—0.452 | 10°—0.423
- Rayleigh{60Km/h)
10 Rayleigh(80Km/h)
Rayleigh(100Km/h)
. —— Rayleigh{160Km/h) Table 4.BER for 15db SNR
1 od | QPSK 16QAM | 32QAM | 64QAM | 128QAM | 256QAM
speed
10° i i i i i 0Km/h 107—1.685 | 10°—0.941 | 10°—0.758 | 10°—0.677 | 10°—0.580 | 10"—0.567
0 10 20 30 40 50 60 A A | A A A &
SR db 20Km/h | 10°—1.647 | 10°—1.050 | 10°—0.834 | 10°—0.738 | 10*—0.636 | 10" —0.589
40Km/h | 10°—1.682 | 10" —0.986 | 10°—0.793 | 10°—0.697 | 10*—0.608 | 10" —0.564
Fig 16 BER curves for 128QAM for different speeds, 10% of 60KmMh | 1041717 | 107-0.968 | 10-0.78 | 10-0.694 | 10°-0.605 | 10"-0.568
. - . 80Km/h | 10°—1.665 | 10" —0.942 | 10°—0.768 | 10°—0.683 | 10*—0.598 | 10" —0.546
transmitted data are used for channel estimation. 100Kmh | 107°=1.631 | 107—0.923 | 107 —0.768 | 10" —0.667 | 10" —0.571 | 10°—0.549
160Km/h | 10°—1475 | 10"—0.88 | 10°—0.692 | 10°—0.623 | 10" —0.546 | 10"—0.513
Table 5.BER for 20db SNR
od | QPSK 16QAM | 32QAM | 64QAM | 128QAM | 256QAM
speed
0Km/h 107—2376 | 10"—1.524 | 10—1.124 | 10~—0.94 | 107 —0.789 | 10"—0.728
20Km/h 10*—-2.348 | 10~—1.406 | 10~—1.244 | 10~-1.02% | 10—0.863 | 10"—0.775
- —e&— Rayleigh(0Km/h) 40Km/h | 10°—2.367 | 10°—1.507 | 10°—1.161 | 10°—1.008 | 10—0.528 | 10" —0.742
o —+— Rayleigh(20Km/h) 60Km/h | 10°—2.378 | 10°—1.530 | 10"—1.144 | 10°—0.978 | 10°—0.822 | 10" —0.727
—— Rayleigh(40Km/h) $0Km/h 10°—2.368 | 10"—1.464 | 10-1.118 | 10~—0.945 | 10"—0.794 [ 10"—0.724
Raylaigh{60Km/h) 100Km/h_ | 104—2.342 | 10°—1.414 | 10~—1.075 | 10~—0.909 | 10*—0.786 | 10" —0.719
Rayleigh(80Km/h) 160Km/h | 10°—2.052 | 10°—L1 | 10"—0.843 | 10°—0.764 | 10"—0.643 | 10"—0.6
Rayleigh{100Km/h)
—#— Rayleigh(160Km/h)
Table 6. BER for 25db SNR
10° i i i i od | QPSK 16QAM | 32QAM | 64QAM | 128QAM | 236QAM
0 10 20 30 40 50 60 spee
SNR in db 0Km/h | 10°-2.986 | 10"-2.447 [ 10~-1.796 | 10—1.401 | 10~-1.148 | 10*-1.138
. . 20Km/h_ | 107—3.137 | 10°—2.222 | 10°—1.505 | 10°—1.494 | 10°—1.231 | 10°—1.045
0,
Fig 17 BER (fu rves for 256QAM for different SPeed?v 10% of 0Km/h | 10296 | 10°—2.224 | 10"—1.797 | 10"—1.475 | 101179 | 10*—0.998
transmitted data are used for channel estimation. 60Km/h | 10°—3.000 | 10°—2.186 | 10°—1.768 | 10~—1.425 | 10~—LI51 | 10°—0.967
. . 30Km/h | 10°—2.865 | 102136 | 10—1.68 | 10°—1.352 | 10°—1.076 | 10°—0.928
) The choice of best r_n_odulatlon SFheme for _the 100Km/h | 102923 | 10°—1.998 | 10~—1.515 | 10°—1.258 | 10°—0.1 | 10—0.879
instantaneous channel conditions, to achieve the desired 160Km/h | 10°-2349 [ 101321 | 10"—0.997 [ 10°~0.849 [ 10*—0.695 | 10"—0.644
BER, depends on the values of signal to noise ratio and
Doppler frequency shift (speed of receiver) which are Table 7 BER for 30db SNR
considered to be known at the receiver. The following tables od | QPSK 16QAM | 32QAM | G4QAM | 128QAM | 236QAM
: : spee
gre used to decide the best modulatlon scheme used f.or.th.e T B T B TR BTG R B SR VTR BT K FR T )
instantaneous SNR and receiver speed. For example, if it is 0Kmh | 1073577 | 10"—2.872 | 10°—2.449 | 10°—2129 | 10°—L77_| 10°—1.482
required to decide the type of modulation for less than or 40Km/h | 107=3435 | 1072914 | 10—2519 [ 10°-2.148 [ 10°-1.785 [ 10*-1.412
e . . 60Km/h | 10°—3.517 | 10"-2.680 | 10~—2.368 | 10°—2.067 | 10°—1.634 | 1071329
equal to 107" BER, the shaded values in the following S0Kmm | 1073304 | 10°—2.669 | 10"—228 | 10~—1.854 | 10°—1455 | 10*—1.193
tables Specify the type of modulation scheme according to 100Km/h | 1043215 | 10~—2.494 | 10~-1.961 | 10~—1.538 | 10~-1.227 | 10~-1.037
. 160Km/h | 10°—2.346 [ 10°—1.451 [ 10°—1.071 [ 10°—0.883 | 10°—0.764 | 10°—0.683
the speed of the receiver [21].
Table 8 BER for NR
Table 1: BER for 0db SNR able 8 or 35db S
od | QPSK 16QAM | 32QAM | G4QAM | 128QAM | 256QAM
od | QPSK 16QAM | 32QAM [ 64QAM [ 128QAM [ 256QAM spee
speed O0Km/h | 10°—4.315 | 10°—3.515 | 10°—3.11 | 10"—2.839 | 10"—2.486 | 10" —2.223
(Km/h 1070477 | 10-0.378 | 10%-0.362 | 10%-0.349 | 10-0.343 | 107-0.34 20Km/m | 10°—4.085 | 10°—3.621 | 10°—3.051 | 10"—2.755 | 10"—2.433 | 10"—2.071
0Km/h | 10°—0.493 [ 10%—-0.383 | 10038 | 10°—0.366 | 10°—0.355 | 10°—0.347 40Km/h | 10%-3.987 | 10*-3.539 | 10-3.076 | 10"-2.75 | 102517 | 10*-1979
A0Km'h 10*=0.515 | 10-0.388 | 10°-0371 | 10*-0.36 10%-0.349 | 107-0.343 60Km/h 10~-3.816 | 103154 | 10~-2.991 | 10~-2.513 | 10~-2.222 | 10~-1.771
60Kmh | 10°—0.486 | 10°—0386 | 100367 | 10°—0.356 | 10°—0347 | 100341 fg;{]‘(ﬂhﬂl :g:‘:_::‘z‘ ;gj‘:-‘;}‘ ig:‘ifzj ig:‘iif: igfi;g: ig:‘ﬁfg
— — —1.725 —2.152 —1.82 —L.. —-1.12
80Km/h | 1070483 | 10°-0.383 | 10 -0.366 | 10"—0355 | 10"—0.346 | 10" 0339 160Km/h | 10°—2.491 | 10°_1.484 | 10°_1.106 | 10°'—0.925 | 10°—0.783 | 10°—0.632
100Kmh [ 1070477 | 1070382 | 1070365 [ 10—0.352 [107—0.345 [ 100330
160Kmh | 1070478 | 10°—0.38 | 100362 | 10~—0351 [10°—0.344 | 10°—0.336
Table 9 BER for 40db SNR
od | QPSK 16QAM 32QAM | 64QAM 128QAM | 256QAM
Table 2.BER for 5db SNR spee
od | QPSK I6QAM | 32QAM | 64QAM | 1Z8QAM | 256QAM 0Km/m | 10°—4.780 | 10°—3.96 | 10°—3.762 | 10"—3.519 | 10°—3.176 | 10"—2.897
speed _ _ _ _ . _ 20Km/h | 10"—4.282 | 10°—3.906 | 10" —3.508 | 10" —3.336 | 10"—3.085 | 10"—2.71
OKm/h 1070655 | 107046 | 107043 | 10%-0.401 | 1070386 1“;“-37: 40Km/h | 10°—431 | 10°—3.936 | 10°—3.414 | 10"—3.342 | 10"—3.026 | 10" —2.584
D B e e 60Km/h_| 107—4.027 | 103398 | 10°-3.03 | 10°-3.002 | 10~—2559 | 10"—2.151
S0Km/h 107 —0.667 | 10°—0.431 | 10" —0.430 | 10°—0.408 | 107—0.391 | 10" —0.374 80Km/h 107 -3.78 10"—3.141 | 10-2.791 | 10~—2.408 | 10~—1.935 | 10"—1.561
S0Km/h 107—0.663 | 10°—0475 | 10°—0432 | 10°—0.408 | 10"—0.389 | 10"—0.376 100KEm/h | 10°—3.478 | 10~-2.861 | 10~—-2.237 | 10~-1.927 | 10~—1.464 | 10~—1.176
100Kmm | 107—0.655 | 107—0.475 | 10°—0.432 | 10°—0.407 | 10°—0.339 | 107 —0.372 160Km/h | 1042483 | 10°-1.475 | 10°-1.12 | 10°—0.935 [10"—0.783 | 10"—0.699

160Km/h 10" —0.641 | 10"—0.457 | 10"—0.417 | 10"—0.4 10~—0.382 | 10-0.373

Table 10 BER for 45db SNR
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od | QPSK 160AM | 32QAM | 64QAM | 128QAM | 256QAM
speed
0Km/h 10*-58 10"—457 | 10~—435 | 10"-3.872 | 10*-3.718 | 10°-3.343
20Km/h 10~-5.37 10~-4.17 10"-4.176 | 10"-3.732 | 10"-3.691 | 10~-3.217
40Km/h | 104986 | 10~-3.002 | 10"—3.727 | 10"-3.667 | 10°-3257 | 10~-2.93
60Km/h 10~-4.308 | 10~-3.57 10%-3.322 | 10°-3.133 | 10-2.83 10+-2.363
80Km/h | 104114 | 103245 | 10~-2.83 | 10"-2.534 | 10~-2.065 | 10~-1.63
100Km/ | 10*-3.447 | 10~-2.9590 | 10~-2.364 | 10"-1.871 | 10"-1.491 | 10~-1.202
160Km/h | 10#-2.542 | 10~-1.459 | 10~-1.115 | 10°—0.931 | 10"—0.78 10+—0.695
Tablell BER for 50db SNR
od | QPSK 16QAM | 32QAM | 64QAM 128QAM | 256QAM
spee
0Km/h__ | 10607 | 10"—4.88 | 10" —4.87 | 10”453 | 10" 4.162 | 10" 3.308
20Km/h | 10°—539 | 10°—4.783 | 10°—4.5 | 10~—4.19 | 10°—3.006 | 10°—3.53
40Km/h | 1075239 | 10"—4.336 | 10" —4.128 | 10"—3.915 | 10"—3.541 | 10"—3.219
60Km/h | 10°—4.448 | 10°—3.671 | 10/ —3.578 | 10—3.186 | 10°—2.817 | 10°—2.402
80Km/h | 107—3.955 | 10"-3.18 | 10"—2.850 | 10"—2.565 | 10"—2.147 | 10"—L678
100Km/h | 107—3.524 | 10°—2.35 | 10"—2.424 | 10—1011 | 10~—1.508 | 10~—1.208
160Km/h_| 107-2.437 | 1071499 | 10" _1.115 | 10" 0.936 | 10~—0.791 | 10~ 0.697
Table 12 BER for 55db SNR
od | QPSK I6QAM | 32QAM | 64QAM 128QAM | 256QAM
spee
0Km/h__ | 10°—6.418 | 10°—5.798 | 10"—520 | 10°—512 | 10°—4.939 | 10—4.632
20Km/h_ | 10°—6.22 | 10°—491 | 10"—4.03 | 10°—4.356 | 10" —4.442 | 10" —3.040
40Km/m | 10~—5.175 | 10°—4.536 | 10"—4.215 | 10°—4.00 | 10°-3.813 | 10°—3.204
60Km/h | 10°—4.64 | 10°—3.889 | 10"—3.462 | 10°—3.263 | 10" —2.868 | 10—2.42
80Km/h | 104 3.961 | 10~ 3.322 | 10~-2.894 | 107 —2.599 | 10~_2.065 | 10*—_1.692
100Km/m | 10°—3.496 | 10~—2.917 | 10°—2.370 | 107 —1.921 | 10°_1.502 | 10~—1.208
160Km/h | 10°—2.507 | 10~—1.484 | 10"—1.115 | 10°—0.941 | 10°—0.793 | 10~—0.697
Table 13 BER for 60db SNR
od | QPSK 16QAM | 32QAM | 64QAM 123QAM | 256QAM
spee:
0Km/h__ | 106418 | 107 _5.798 | 107529 | 107512 | 10~—4.939 | 10"_4.632
20Km/h | 10°—622 | 107491 | 10°—4.03 | 10°—4.356 | 10°—4.442 | 107 —3.040
40Km/h | 10~5.175 | 10°_4.536 | 107 _4.215 | 10~ 4.09 | 10~3.813 | 10" _3.204
60Km/h | 10—4.64 | 10°—3.880 | 10°—3.462 | 10°—3.263 | 10°—2.868 | 10" —2.42
$0Km/h | 10~-3.961 | 107 -3.322 | 107 —2.894 | 10~ —2.599 | 10~_2.065 | 10"_1.692
100Km/h | 10~—3.496 | 10°—2.017 | 10"—2.379 | 10—1921 | 10*—1.502 | 10" —1.208
160Km/h | 104-2.507 | 1071484 | 10"_1.115 | 10~ 0.941 | 10_0.793 | 10" _0.697

IX. CONCLUSION

Best type of modulation scheme now can be identified
according to the SNR and the speed of the receiver (Doppler
effects) of the channel. Usually for any acceptable SNR, the
QPSK modulation does not offer any problem while using
256QAM is the worst in term of BER. On the other hand
QPSK carries less information than 256QAM; therefore for
good channel conditions and low speed of receiver, high
order modulation schemes such as 32QAM 64QAM,
128QAM and 256QAM are more preferable. For example
for 10"-3 BER at the receiver in a physical layer, and for
160Km/h and 100Km/h speeds of receiver, the QPSK
modulation should be used. But for 80Km/h speed, the
QPSK and 16QAM can be used on condition that the SNR is
equal or greater than 35db. For 60Km/h speed, the 16QAM
can be used on condition that the SNR is greater than 35db,
the 32QAM and the 64QAM can be used on condition that
the SNR is greater than 40db. For 40Km/h speed, the
128QAM can be used on condition that the SNR is greater
than 40db and the 256QAM can be used on condition that
the SNR is greater than 50db. For 20Km/h and stationary
receiver, the 256QAM can be used on condition that the
SNR is greater than 45db.
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