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Abstract: Adaptive modulation is a technique in which power and number of bits per subcarrier are allocated to the amplitude
response of the frequency selective fading channels for better performance involving high data rate transmission. The performance of
adaptive OFDM techniques with discrete rate M-ary quadrature modulation (M-QAM) in frequency selective fading channels is
analyzed in this paper. The adaptive modulation schemes are used here for constant power constraints and giving higher spectral
efficiency for given target bit error rate (BER). The antenna selection and dynamic adaptive modulation can greatly improve the
performance of adaptive modulator for SDR.

Index Terms —Adaptive modulation, BER, Software defined Radio, OFDM
l. INTRODUCTION

The orthogonal frequency modulation (OFDM) represents a multicarrier modulation method used to solve limitations related with
high bit rate transmission. Time dispersion does maximum degradation in OFDM transmission. The multiple lower —rate streams are
formed from original data carrying symbol stream. The multiple streams are modulated on different carriers. The number of carriers
which are orthogonal to each other results in higher symbol duration. Due to this only a small portion of adjacent symbols get affected
by multipath echoes. The cyclic prefix (CP) is used to remove the remaining intersymbol interference.

The emergence of new technologies and increasing number of wireless devices has made radio spectrum increasingly occupied. The
orthogonal frequency modulation technique along with adaptive modulation integrates spatial, temporal and spectral components
together. The channel fading is the major lacuna of wireless communication systems. Deep fading results in errors if fixed mode
modulation technique is used. The feedback channels are used to give the channel state information at receiver back to transmitter. The
modulation techniques and / or channel coding format with other OFDM parameters are adaptively changed to minimize the major
degradation caused due to deep fades.

In our communication scheme, we are using variations of QAM for changing the modulation type of our system. In this paper, the
next section describes various schemes used by researchers for adaptive modulation for SDR, and their comparative analysis. Section
I11 describes our proposed dynamic adaptive modulation algorithm, and antenna diversity based dynamic adaptive modulation. Section
IV elaborates the system model. Section V compares the results of our proposed algorithm.

Il. LITERATURE REVIEW

In [1] Adrian Tarniceriu et al. have shown the Features of modulation techniques and estimated the figure of merit for each
particular modulation for SDR. The wireless standard IEEE 802.16, WI MAX is used for analysis. Modulation techniques like QPSK,
QAM-16 and QAM-64 on OFDMA carrier support are used. Transmitter and receiver are considered ideal and Additive white Gaussian
noise is inserted in channel. The maximum transmitted power is kept constant, for each type of modulation. It shows that higher SNR
are needed to demodulate the signal within the target BER as the modulation number of bits per symbol increases.

Hanzo et al. [2-4], proposed adaptive modulation schemes working on set of mode switching threshold levels designed to obtain
high average bits per second (BPS) throughput, while keeping the target BER of the system at particular level.
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In [5] Czylwik showed that by optimizing Power only 1 db power gain is achieved. Hence it is recommended to use constant power
spectrum and not to have optimization of power distribution. It saves computational complexity. In adaptive OFDM (knowing
instantaneous state of sub channel) appropriate numbers of bits are allocated and proper modulation method is selected for transmission
in each subcarrier. The objective is to improve the system performance or to keep the overall bit error rate at a particular level.

In [6] Muhamad Islam et al. have shown the model of the transceiver in Matlab and BPSK transmitter is used along with Additive
white Gaussian noise (AWGN) channel and BPSK receiver. The PSK modulation scheme for SDR is suggested to select the
constellation size that offers the best reconstructed signal quality for each average SNR. The audio signal transmission quality is
evaluated and the performance of the linear modulation is compared.

In [7] Sami H.O. Salih et al. have shown implementation of adaptive modulation and coding technique using Matlab. The various
digital modulations combined with different coding techniques, giving higher throughput and better spectral efficiency by sending more
bits per symbol.

In [8] Michel Borgne explained a comparative analysis of various forms of QAM techniques. The effects of filtering, interference,
amplifier nonlinearities and selective fading are studied. The spectral efficiency of QAM is good but it is complex to implement. The
nonlinearities and selective fading are major issues with these schemes. Nonlinearity cancellers and adaptive equalizers are required in
such systems. For good BER, strong signal strength is required. It is also bandwidth efficient. For higher modulation schemes like
64QAM, 256 QAM higher SNR is needed.

To reduce the effect of multipath fading [10] antenna diversity is efficiently used in most scattering environments. The quality of the
received signal is improved by using multiple antennas at the receiver and Performing combination or selection and switching. The
main problem in using the receive diversity approach is costly and bulky system and power of the remote units. It is useful in designing
base stations improving their reception quality.

I11. ADAPTIVE OFDM

The power and number of bits per subcarrier can be allotted uniformly or by non-uniform way[9]. Each subcarrier can have same
number of bits and equal power. In second case, bits and power can be varied in such a way to give minimum bit error rate. The
frequency response of the channel decides the BER of OFDM system. In case of frequency selective fading channels, some sub
channels are with deep fades while others with better signal transmission ability with less attenuation. The subcarriers having high
attenuation are identified and removed from transmission. The subcarriers with better channel state are used to transmit maximum
number of bits. It gives better spectral efficiency with minimum bit error rate. In this article we have proposed Dynamic Adaptive
modulation technique for SDR. In case of static Adaptive Modulation, the switching threshold levels are fixed. It is designed while
considering the worst case channel scenario. In case of dynamic adaptive modulation the switching thresholds are:changed dynamically
as per channel quality to give higher spectral efficiency at given target BER. The modulation types used in OFDM systems can vary
from 2QAM, 4QAM, 16QAM, 64QAM, 256 QAM.

Table 1. Digital Modulation Techniques

Type Bits per symbol Symbol rate

2 QAM 1 1 X bit rate

4QAM 1/2 bit rate
2

16QAM 4 1/4 bit rate

64QAM 6 1/6 bit rate

256 QAM 8 1/8 bit rate

3.1 Static Adaptive OFDM
Algorithm 1: Static Adaptive OFDM algorithm
Input: Signal to Noise Ratio (snr) =50 (Max.)

For different Modulation types:
M =12, 4, 16, 64, 256]
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Channels used for simulation are 1. Rayleigh 2. Rician 3. AWGN
Target BER Selection: 0.1, 0.01, 0.001

Step 1: Input: - Random Message

Step 2: for ss=0: snr

Step 3: if (ss<41) then M=64

Step 4: if (ss<15) then M=16

Step 5: if (ss<8) then M=4

Step 6: if (ss<3) then M=2

Step 7: end

Step 8: Execute Static Adaptive Modulation with the calculated vale of “M”

The different modulation curves are plotted for various QAM-OFDM modulation techniques. From the plot of BER Vs SNR, the
switching thresholds are obtained for each modulation technigue.

Table 2: Switching thresholds for Static Adaptive Modulation

Target BER =Tg

Modulation Scheme | Tg=0.1 Tg=0.01 Tg =0.001
SNR =ss SNR =ss SNR =ss

256 QAM ss>41 ss>41 ss>41

64 QAM ss<41 ss<41 ss<41

16 QAM ss<15 ss<18 ss<20

4 QAM ss<8 §s<12 ss<14

2 QAM §s<3 $S<6 $s<8

Algorithm 2: Dynamic Adaptive OFDM algorithm with added diversity
Input: Signal to Noise Ratio (snr) = 50 (Max.)

For different Modulation types :

M =12, 4, 16, 64, 256]

Channels used for simulation are 1. Rayleigh 2. Rician 3. AWGN

Target BER Selection: 0.1, 0.01, 0.001

Step 1: Input: - Random Message

Step 2: for ss = 0: snr

Step 3: if (berstor (2, ss+1) < Tg ) then M=4

Step 4: if (berstor (3, ss+1) < Tg ) then M= 16

Step 5: if (berstor (4, ss+1) < Tg ) then M= 64

Step 6: if (berstor (5, ss+1) < Tg ) then M= 256

Step 7: end

Step 8: Execute Dynamic Adaptive Modulation with added diversity using calculated vale of “M”

Algorithm 3: Dynamic Adaptive Modulation
Steps 1 to 7 are performed as above and Dynamic Adaptive Modulation is Executed using calculated vale of “M”
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IV. SYSTEM MODEL

Fig. 1.0 shows the block diagram of the proposed adaptive OFDM system. The channel state information is fed back
from the receiver to transmitter [10]. The perfect channel estimation and perfect feedback is assumed. The probability of
error is minimized by antenna selection and Signal to noise ratio is maximized.
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Fig. 1.0 Block diagram Adaptive OFDM System
The modulation selector selects the appropriate modulation scheme as per SNR vales given by channel state estimator. In this type
of modulation the adaptive process is performed frame by frame. The various switching thresholds used for static adaptive modulation
are shown in Table 2.0. It shows for SNR > 41dB, 256 QAM is used. For SNR < 41dB, 64 QAM is used. Similarly for SNR of15dB
and 8 dB, 16 QAM and 4QAM modulation technique is selected. The static adaptive modulation thresholds are designed considering
worst case channel performance, giving constant target BER required for particular service with reduced spectral efficiency.

4.1 The Proposed Dynamic adaptive modulation system: - It consists of dynamically changing switching thresholds as per channel
quality. Here the look up table for switching thresholds is updated dynamically for every frame. The performance of Dynamic adaptive
modulation system is better than static adaptive modulation system. It gives higher spectral efficiency than that of static adaptive
modulation system.

4.2 The Proposed diversity added Dynamic adaptive modulation system: - It shows better performance as that of dynamic
adaptive modulation system. It is useful in high voice quality and high data rate services in future mobile services. The antenna
selection gives better throughput than that of without antenna selection

V. RESULTS AND DISCUSSION
Table 3.0 SNR and Modulation Scheme Variation, Target BER= 0.1 (Rayleigh Channel)

Dynamic ADM  With | Dynamic Adaptive Static Adaptive Modulation
Diversity Modulation
SNR dB Modulation | SNR dB Modulation | SNR dB Modulation Order
Order Order
Oto11 2 Oto11 2 Oto2 2
12to 17 4 12to 17 4 3to7 4
18to 26 64 18to 22 16 8to 14 16
271050 256 24 10 26 64 15t0 40 64
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\ 27 t0 50 \ 256 41 to 50 \ 256 |

Table 4.0 SNR and Modulation Scheme Variation, Target BER=0.1 (AWGN Channel)

Dynamic ADM With | Dynamic Adaptive Static Adaptive Modulation
Diversity Modulation
SNR Modulation | SNR Modulation | SNR Modulation Order
Order Order
O0to11 2 Oto11 2 O0to2 2
12 to 17 4 12 to 17 4 3to7 4
18 to 27 64 18 to 22 16 8to 14 16
2810 50 256 231027 64 15to0 40 64
281050 256 411050 256

Table 5.0 SNR and Modulation Scheme Variation, Target BER=0.1 (RICIAN Channel)

Dynamic  ADM With | Dynamic Adaptive | Static Adaptive Modulation

Diversity Modulation

SNR dB Modulation | SNR dB Modulation | SNR Modulation
Order Order dB Order

0to 26 2 0to 26 2 Oto7 2

27 t0 33 4 27 to 33 4 81013 4

34 t0 38 16 34 to 38 16 1410 19 16

39to 44 64 39 to 44 64 20to 40 64

45 to 50 256 45t0 50 256 41to 50 256
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Fig 2.0 Graph of BER Vs SNR for Rayleigh channel at Target BER =0.1
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CONCLUSION:-

In this paper, a new scheme of Dynamic adaptive modulation system for SDR is presented. The proposed scheme shows better
spectral efficiency for given target BER as compared to Static adaptive modulation system. The diversity added Dynamic adaptive
modulation system for SDR shows higher spectral efficiency than that of Dynamic adaptive modulation system. The antenna selection
boosts the performance of adaptive modulation system for SDR.
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