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ABSTRACT: 

Adaptive modulation finds its application in wireless data system which does not necessarily require a 

constant data rate. This allows the data rate to increase during good channel conditions and overall higher 

throughputs can be achieved. In order to accurately adapt the modulation scheme, the channel state must 

be known at the transmitter. An adaptive modulation scheme is proposed and simulated by MATLAB 

over a frequency-selective fading channel. Comparing with the conventional modulation scheme, this 

scheme has the advantage of low complexity. Meanwhile, it shows little attenuation of Mean Square 

Error (MSE) and Bit Error Rate (BER) performances according to the final simulation results, which is 

promising for practical applications. 
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I. INTRODUCTION: 

OFDM technology is a popular technique for transmission of signals over wireless channels, due to its 

many advantages such as the high spectral efficiency, robustness to frequency selective fading, and the 

feasibility of low-cost transceiver implementations [1]. 

In multiuser communications such as cellular systems, multiple access capability is required to transmit 

many signals simultaneously over the channel. In a simple frequency division multiplexing (FDM) 

scheme, non-overlapping frequency bands are allocated for multiplexing signals. These signals can be de-

multiplexed by means of filtering at the receiver. The problem with 

This kind of non-overlapping FDM is that at least twice the bandwidth of the original data signal is 

needed to transmit the multicarrier modulated signal. A more efficient and improved version of frequency 

multiplexing is orthogonal frequency division multiplexing (OFDM) [2, 3]. OFDM is a multicarrier 

modulation scheme in which a serial data stream is divided into several parallel bit streams, which are 

transmitted using a large number of orthogonal carriers. The available frequency band is divided into 

several channels, each used to transmit a narrowband data signal by independently modulating its carrier. 

In contrast to ordinary FDM, OFDM is made bandwidth efficient by allowing its sub channels to overlap. 

This is achieved when subcarrier tones are separated by multiples of 1/Ts, where Ts is the symbol 

duration of the signal in each subcarrier. OFDM could be efficiently implemented by using discrete 

Fourier transform (DFT) and inverse DFT (IDFT1) techniques [4,5]. During the beginning of 1990’s, 

direct sequence code division multiple access (DS/CDMA) has received greater attention for commercial 

applications, especially for digital cellular mobile systems. Multiple access capability in DS/CDMA is 

achieved by allocating distinct codes to different users of the system. Although the signals of all users 

overlap and interfere with each other in a DS-CDMA system, the receiver may recover the individual 

signals by correlating the combined signal with the code of the desired user. If the codes are mutually 

uncorrelated (orthogonal), the original signal is ideally regenerated without any residual interference. In 

practice, even if the transmitted signals use orthogonal spreading codes, they often become correlated due 

to the effect of wireless channels. However, by designing these code sequences to have small cross-

correlations, the interference from the other users is minimized. One way of achieving low cross 

correlation is to employ a PN sequence with relatively long period compared to the bit period, which 
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appear like random codes. One disadvantage of a long code is that it requires very precise time base. 

Usually a short code system uses the same sequence for each data bit. DS/SS schemes rely on bandwidth 

expansion for supporting several users. Each user’s signal bandwidth is expanded to G times the 

fundamental Nyquist bandwidth, permitting a maximum of K users, K≤G to transmit simultaneously. 

Unlike TDMA or FDMA, CDMA systems have a soft capacity limit [5-7]. Increasing the number of 

users gradually degrades the system performance due to increase in interference, whereas, with decreased 

number of users, performance improves. Multi carrier CDMA systems are based on the combination of 

orthogonal frequency division multiplexing (OFDM) with DS/CDMA. Section II provides the description 

of the MC-CDMA system model, where both the transmitter and the receiver are described. Basic 

characteristics of the mobile radio environment are introduced to highlight the constraints and behavior of 

the channel under consideration. 

 

II. MULTIPLE INPUT MULTIPLE OUTPUT:  

Multiple-Input Multiple-Output (MIMO) technology is a wireless technology that uses multiple 

transmitters and receivers to transfer more data at the same time. Wireless products with 802.11n support 

MIMO. This is part of the technology that allows 802.11n to reach much higher speeds than products 

without 802.11n. 

MIMO technology takes advantage of a radio-wave phenomenon called multipath where transmitted 

information bounces off walls, ceilings, and other objects, reaching the receiving antenna multiple times 

via different angles and at slightly different times. Multipath is a natural occurrence for all radio sources. 

Radio signals bounce off objects and move at different speeds towards the receiver. In the past multipath 

caused interference and slowed down wireless signals. MIMO takes advantage of multipath to combine 

the information from multiple signals improving both speed and data integrity. 

In radio, multiple-input and multiple-output, or MIMO, is the use of multiple antennas at both the 

transmitter and receiver to improve communication performance. It is one of several forms of smart 

antenna technology. 

MIMO technology offers significant increases in data throughput and link range without additional 

bandwidth or increased transmit power. It achieves this goal by spreading the same total transmit power 

over the antennas to achieve an array gain that improves the spectral efficiency (more bits per second per 

hertz of bandwidth) or to achieve a diversity gain that improves the link reliability (reduced fading). 

Because of these properties, MIMO is an important part of modern wireless communication standards 

such as IEEE 802.11n (Wi-Fi), 4G, 3GPP Long Term Evolution, WiMAX and HSPA+. 

 

III. ADAPTIVE MODULATION AND CODING: 

Radio spectrum is the most precious resource in wireless communication. An increasing demand for 

higher data rates in wireless communication has made it essential to investigate methods to achieve 

higher data transmission efficiency. Ideas of adaptive modulation were suggested in 1960 but it did not 

receive a lot of attention because of the complexity of hardware implementation. Starting from1980, 

adaptive modulation scheme drew attention again and nowadays, adaptive modulation has been proposed 

for the cdma2000 1xEV-DO, IEEE 802.11 WLAN systems, and further future wireless communication 

standards. Adaptive modulation which helps to maximize the data rates that can be transmitted over 

wireless channels is one possible solution to achieve this demand. 

Adaptive modulation finds its application in wireless data system which does not necessarily require a 

constant data rate. This allows the data rate to increase during good channel conditions and overall higher 

throughputs can be achieved. In order to accurately adapt the modulation scheme, the channel state must 

be known at the transmitter. This requires the channel quality to be estimated by the receiver and fed back 

to the transmitter. During this process, channel state information (CSI) might be out-dated due to delay 

between estimation and application when channel changes fast. Thus, the feedback delay of channel 

information becomes the limiting factor or performance criterion in adaptive modulation. 
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Fig 1Understanding Adaptive Modulation 

 

IV. BACKGROUND THEORY: 

The motivation behind taking up this topic is to create a better and more efficient MIMO OFDM System 

and develop an appropriate Modulation and Coding Scheme Selection Algorithm. An algorithm described 

in the base paper is the Spatially Adaptive Modulation and Coding (SAMC), which is based on a ppSNR 

look up table helps in determining which modulation scheme to choose. 

 

In [8], MIMO OFDM systems, which can provide significant space diversity and combat multi-path 

fading, thus attracting increasing attention for the design of future broadband wireless communication 

systems have been describe. One enhancement technique commonly used in such systems is Adaptive 

Modulation and Coding (AMC) for link adaptation. With AMC, the modulation and coding scheme 

(MCS) is adaptively selected based on channel quality indication (CQI). Here, a comprehensive analysis 

of mapping between signal to interference plus noise ratio (SINR) fed beck by the mobile station and 

MCS to be used to transmit data, while taking into account hybrid ARQ (HARQ) operation is provided. 

Then we apply such mapping criteria to MIMO-OFDM systems and develop a systematic algorithm for 

MCS selection to maximize the system throughput. 

Lots of AMC technologies have been investigated in the existing literature. A systematic evaluation on 

the channel capacity of various adaptive transmission technologies can be found in [9]. It is shown that 

when the transmission rate varies continuously according to the channel quality, the effect of varying the 

transmit power at the same time is very limited. In this paper, the authors propose an effective MCS 

selection approach for MIMO-OFDM systems based on prediction of successful transmission probability, 

taking into account the HARQ operation. The objective is to maximize the system throughput as well as 

maintain the block error rate (BLER) at an acceptable degree. They evaluate the performance of 

MIMOOFDM systems with enhancement of AMC and HARQ. 

In [10], a downlink performance analysis of a link adaptation (LA) algorithm applied to a MIMO-OFDM 

Physical Layer (PHY), which is a popular candidate for future generation cellular communication 

systems, is provided. The new LA algorithm attempts to maximize throughput and adaptation between 

various modulation and coding schemes in combination with both space-time block codes (STBC) and 

spatial multiplexing (SM) is based on knowledge of SNR and H matrix determinant; the parameters 

which are found to have the most significant influences on the system throughput. They also compare 

results for adaptive MIMO-OFDM for the cases of the proposed LA algorithm, an algorithm based on 

SNR only, an algorithm based on SNR and H matrix determinant with fixed threshold levels for different 

SM modes and the optimal case. 

This paper focuses primarily on the case of delay insensitive applications for which maximization of 

throughput is the criterion for adaptation, and examines the performance of an adaptive MIMO-OFDM 

system in a realistic outdoor environment. A sub-optimal LA algorithm based on 2 channel parameters, 
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SNR and H matrix determinant, was proposed in [11] with predefined H matrix determinant threshold 

levels, and evaluated in terms of its performance over a channel trace. [11] Also showed that adjusting 

the threshold level governed a trade-off between the ability to avoid severe PER (outage) in some 

channels and the ability to more closely track the optimal throughput in others. This paper proposes a 

new LA algorithm referred to as LASD-V (Link Adaptation based on SNR and Determinant – Varying) 

with further throughput and error performance improvement. No fixed H matrix determinant threshold 

level is needed for LASD-V, and the SNR thresholds are no longer fixed but vary with the change of H 

matrix determinant. 

The algorithms suggested in [8] and [10] were considered, but the SAMC algorithm used in our work 

offers superior performance. 

In [12] a new link adaptation (LA) approach called the adaptive modulation, coding, and spatial mode 

(AMCS) scheme has been introduced for multiple-input multiple-output bit interleaved coded orthogonal 

frequency division multiplexing (MIMO BIC-OFDM) systems. The AMCS technique can provide both 

minimal performance degradation and significant throughput gain by controlling the spatial streams. This 

paper introduces a new parameter called instantaneous bit error rate (I-BER). Based on the I-BER, the 

proposed AMCS scheme chooses an appropriate modulation, coding, and spatial mode (MCS) type that 

improves the system performance while satisfying the quality of service (QoS) requirement. A simplified 

MCS type search method is also proposed, which allows the receiver to effectively select a MCS type and 

then send it back to the transmitter by using only a small amount of information bits. 

To provide practical feedback information, a link quality indicator which is based on an instantaneous bit 

error rate (I-BER) is used. The evaluation of the I-BER may allow a rapid assessment of the system 

performance without full channel feedback. A system employing LA techniques uses feedback 

information to adapt to the channel conditions. Full channel state information at the transmitter is 

impractical because the feedback requirements in MIMO BIC-OFDM systems generally grow with the 

product of the transmit antennas, receiver antennas, and number of subcarriers. 

To address the problem of receiver feedback overhead, we go for the SAMC algorithm that uses look up 

tables to decide which modulation scheme to be used. 

 

Thus in [13], which serves as the base paper of our work, the authors propose a Spatially Adaptive 

Modulation and Coding (SAMC) scheme that uses the technique which applies AMC based on the post-

processing Signal-to-Noise Ratio (ppSNR) yielded by the selected configuration and additional system 

constraints. The AMC algorithm uses fixed link tables defined by ppSNR regions for supportable spectral 

efficiencies. 

Adaptive communication systems and cognitive radios have demonstrated the potential to increase 

spectral efficiency and provide flexible data rates in multipath fading channels. In [13], the authors apply 

Adaptive Modulation and Coding (AMC) that enables a radio to track the channel variations, and adapt 

its modulation and coding schemes to yield higher throughput while satisfying a system constraint. This 

improvement is achieved by transmitting at high information rates when the channel conditions are 

favorable and at lower rates when channel conditions are degraded. [13] also leverages the capabilities of 

Multiple Input-Multiple Output (MIMO) technologies that increase the reliability of wireless networks, 

without additional bandwidth or increased transmission power. 

 

V. CONCLUSIONS: 

In this paper, an adaptive scheme is proposed and its performance is numerically confirmed for the 

OFDM system proposed in the IEEE 802.16 standard. The results show that as compared with 

conventional modulation scheme, using this scheme can reduce the computational burden and suffer little 

attenuation of performances. Therefore, it is rather attractive for practical application in OFDM-based 

communication systems. 
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