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ABSTRACT 

In today’s scenario mobile phones are not used only for messaging and talking, now we use mobiles also to access 
internet. For that we need higher data rates. Mobiles use wireless communication channel, which is very fast varying 
channel. To increase the data rate we have to utilize the full channel based on the channel condition. For that we have to 
estimate the channel condition and based on that we have to vary the data rate so that our communication system per-
formance parameters (bit error rate, throughput) do not change beyond the accepted level. To increase the data rate we 
are also using the multi-carrier CDMA system in conjunction with the above described adaptive modulation. Adaptive 
modulation, in conjunction with MC-CDMA transmission system is very assuring way to increase data rate. In current 
scenario demand of very high data rates up to 100 Mbits/s may be achieved with this scheme. In this paper, adaptive 
modulation based M-ary QAM, M-PSK and M-ary CPM systems applied to a MC-CDMA system in Rayleigh fading 
channel environment have been investigated and BER performances of all these digital modulation schemes have been 
compared. 
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1. Introduction 

In wireless communication system spectrum bandwidth 
is the most precious commodity. The main problem to 
the wireless channel is Rayleigh fading channel that de-
grades the error performance of the wireless communica-
tion system. In wireless communication channel the sig-
nal to noise ratio (SNR) is time variant due to multipath 
fading and interference from other users, in direct contrast 
with the additive white Gaussian noise (AWGN) channel 
which is characterized by a constant signal to noise ratio.  

We may utilize full channel capacity in two ways in 
presence of multipath fading and interference from other 
users: adaptation and diversity techniques. By adaptation 
we mean to change the modulation scheme and/or coding 
used by transmitter according to the channel condition. 

Figure 1 shows that the channel estimation is needed 
for using different digital modulation techniques. As we 
increase the range of communication, we step down to 
lower modulations but as we reduce the communication 
range means we are closer to the base station we can 
utilize higher order modulations for increased throughput. 
Adaptive modulation also allows the system to overcome 
multipath fading and other interference. In essence, this 
is a way to optimize the modulation scheme for the better 

transmission of data at higher rate in accordance to the 
state of the channel for required fidelity. For example, 
when the channel condition is poor we may reduce the 
modulation index in order to improve fidelity. Converse- 
ly if the channel is in good condition we can increase the 
modulation index to increase the data rate. 

The remainder of the paper is organized as follows. 
Author presents survey of some relevant adaptive modu-
lation schemes in Section 2, followed by the system 
model discussed in Section 3 in which author presents a 
model and some formulas for calculating SNR. The pa-
per continues with result and discussion in Section 4. 
Finally, the paper is concluded. 
 

 

Figure 1. Illustration of adaptive modulation. 
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2. Related Work 

Adaptive technology has been firstly investigated in late 
60’s and early 70’s [1,2]. Interest in this modulation 
scheme was short lived, because of hardware constraints 
and lack of good channel estimation techniques. As tech- 
nology improved these issues became less constraining, 
which resulted in a revived interest of researchers in 
adaptive modulation schemes for 3rd generation wireless 
systems [3]. 

In the adaptive techniques, transmission parameters, 
for example transmission power [4], symbol transmission 
rate [5], constellation size [6-8], coding rate/scheme [9], 
or any combination of these parameters [8,10], are changed 
in response to the estimated time-varying channel condi-
tions. Many researchers have given their system model 
by using different combination of modulation schemes 
and evaluate its performance in terms of BER, through-
put and data rate and showed improvement from the ex-
isting systems. Some of them we studies are: 

2.1. Reliable Adaptive Modulation Aided by 
Observations of Another Fading Channel 

Tung-Sheng Yang and Alexandra Duel-Hallen in [11] 
have proposed an approach to use adaptive transmission 
technique using past channel observations of 1 carrier to 
predict future channel state information and this technique 
performs adaptive modulation without feedback path for 
another correlated carrier. They derived a MMSE (Mini-
mum mean-square error) long range channel prediction 
method which uses the time-domain and frequency do-
main correlation function of Rayleigh fading channel.  
They used a standard stationary fading channel model to 
test their algorithm and showed a significant gain over 
non adaptive techniques. 

If the communication between 2 stations is bidirec-
tional then each station can estimate the channel condi-
tion and adapt the parameters to this estimation. This is 
known as open-loop adaptation [12]. And if the commu-
nication between two stations is not bidirectional the 
receiver has to estimate channel condition and feedback 
it to the transmitter, resulting in closed loop adaptation. 
The feed back load of the channel estimation information 
consumes system power and bandwidth, resulting in de-
graded performance. For many adaptive transmission 
applications, it is not necessary to feed back the actual 
fading coefficient instead of this it is sufficient to feed 
back to the transmitter only the antenna selection or 
modulation index produced from the estimated or pre- 
dicted values at the receiver [13]. The feedback delay, 
channel estimation and processing delay degrade the 
performance of this adaptive modulation technique, es-
pecially in rapidly time-variant fading. To realize the 
good performance improvement for adaptive transmis-

sion techniques, the channel variations should be pre-
dicted reliably at least several milliseconds ahead. They 
extended the LRP algorithm into frequency domain. This 
LRP method was proposed in [14,15]. This long range 
prediction (LRP) algorithm utilizes an autoregressive 
model for characterizing the fading channel and also 
computes the minimum mean square error to estimate the 
future fading coefficient on the basis of past observations. 
Particularly the concentrated on a scenario where they 
observed a received uplink signal at the carrier of fre-
quency f^1 and attempted to predict the down link signal 
at carrier of frequency f^2 without any feedback from the 
mobile. For the accomplishment of this prediction, the 
predicted samples should be sufficiently correlated in 
both frequency and time. 

2.2. Adaptive Modulation Systems for Predicted 
Wireless Channel 

Sorour Falahati and Arne Svensson have studied an op-
timum design for an adaptive modulation technique based 
on encoded M-QAM, assisted with channel prediction 
for the Rayleigh fading channel in [15]. Signaling delays 
create problem with outdated Channel State Information 
(CSI) in adaptive modulation. This degrades the adaptive 
modulation system performance such as decrease in the 
throughput. The use of power prediction will improve the 
performance of adaptive modulation. Sorour Falahati and 
Arne Svensson have shown their interest to take the qua- 
lity of these predictions into account in designing adap-
tive modulation scheme. The key issues they studied in 
[15] are how a known prediction error variance can affect 
the transmission properties, such as the signal-to-noise 
ratio (SNR) boundaries that determine when to change 
the modulation index, and to what extent it could affect 
the spectral efficiency. Figure 2 shows the discrete mo- 
del of the system they proposed. They considered fast 
link adaptation where the receiver estimates the received 
power and transfers this information to the transmitter site 
via feedback channel to modify the transmission parame-
ters such as modulation index, estimates of the channel 
state information will be based on outdated information. 
Theoretically an optimized way of handling this problem 
could be to estimate the conditional probability density 
 

 

Figure 2. Discrete model of the system. 
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function of the BER optimally for a given modulation 
format form the all past received information signals and 
other relevant information. And then the modulation 
scheme is selected on the basis of this probability density 
function. But this proposed approach is hard to realize 
because the BER is a non-linear function of channel po- 
wer gain. Therefore they considered a suboptimal ap-
proach that the channel power gain is predicted by a 
scheme and adaptive modulation system is adjusted on 
the basis of statistics of these predictions. 

3. System Model 

3.1. System Model and Block Diagram 

Figure 3 shows the block diagram for the adaptive modu-
lation based MC-CDMA system. Firstly the binary in-
formation is encoded with turbo codes, which is followed 
by a serial to parallel converter to produce a data stream 
of low bit rate in order to avoid the inter-symbol inter-
ference. 

Then each stream is modulated with by a suitable digital 
method, in this thesis work we used BPSK, QPSK, 16- 
QAM, 64-QAM, M-ary MHPM etc., depending upon the 
current channel signal to noise ratio estimate information 
provided by the receiver. After this the modulated bit 
streams are passed through the Multi-carrier CDMA sys-
tem transmitter then this is up-converted by an RF ampli-
fier and finally transmitted through the channel. At the 
receiver site reverse operations are performed to demo- 
dulate and decode the original information. In this thesis 
we used pilot assisted channel estimation for estimating 
the quality of channel which estimates the carrier to noise 
ratio of the channel. Pilots symbols used are known QPSK 
symbols. The CDMA code used in this thesis is Walsh- 
Hadamard code. 
 

 

Figure 3. Block diagram for adaptive modulation base MC- 
CDMA system. 

3.2. SNR Estimation 

The basic idea for channel estimation in our thesis is that 
if we have the signal which is corrupted by a given chan- 
nel we can estimate SNR of the channel through mean 
and variance calculation. Firstly, the average received 
power is calculated by taking the square of mean of mag- 
nitude of the received signal. This will be used as esti-
mated signal power. And the noise power will be calcu-
lated by variance calculation on the received signal. 

For PSK modulation scheme, we use the following 
scheme to find the mean and variance of a currently re-
ceived block of data: 

 
1

22

1

1

1

1

N

i
i

N

i i
i

Z r
N

T r
N







     



 c

 

where Z represents mean of the received signal and T^2 
represents the variance of the received signal corrupted 
though the channel noise N represents the no of symbols 
over which SNR has to be estimated. c_i is the channel 
estimate coming from FFT estimator.  

The SNR can be calculated as: 
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3.3. Adaptive Modulation Boundaries 

In adaptive modulation system, we need a way to decide 
which modulation level is best suited for the present 
channel conditions. We decided to use the estimated SNR 
of the link as channel metric to decide switching levels. 
Pons and Dunlop in [16] proposed that bit error rate at 
the receiver would be really a good channel metric to 
decide modulation level switching. But our personnel 
experience says that BER estimation on small packet or 
for very short duration could not be reliably estimated.   

Now the question arises how to decide that which 
modulation scheme is to be used for which range of SNR? 
Answer lies within the AWGN performance of every 
modulation scheme. 

Received signal is given as r(t) = c(t).s(t) + n(t). 
Where c(t) is Rayleigh channel gain, n(t) is additive 
Gaussian noise. In our system model we considered the 
signal power is to be the transmitted signal power multi-
plied with the Rayleigh channel gain. This signal power 
is the instantaneously received signal power, which could 
be directly compared to the Gaussian noise power. So, 
allowing us to consider the BER over an AWGN channel. 
Now consider the BER performance of the 3 modulation 
schemes used in our thesis. Form [17] equations for their 
BER are as follows: 
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In the above mentioned equations, γ is the SNR, & Q(.) 
is the Q function defined as: 
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On the basis of above formula we calculate the BER 
and run the MATLAB simulation. We observe a consid-
erable change in throughput and data rate in case of 
adaptive modulation. This is discussed in next section. 

4. Result and Discussion 

The MATLAB simulations of MC-CDMA in Rayleigh 
fading channel have been carried out and for various 
M-ary QAM, M-ary CPM, M-ary MHPM. Figure 4, the 
curves from right to left represent the BER for 64 QAM, 
16 QAM and QPSK in a Rayleigh fading channel, re-
spectively. For deciding the proper switching levels we 
need to decide first what performance, in terms of BER 
we need from our system. For our system model we de-
cided to choose BER performance of 10^-3 as operating 
point. This means that this system will try to keep the 
BER of the system lower than 10^-3 with most spectrally 
efficient modulation scheme whenever possible. Spectral 
efficiency is defined as the number of information bits 
encoded on a single modulated transmission symbol. 

Therefore, with our operating point, and given BER 
plots in Figure 4 we conclude to have the following SNR 
ranges for each modulation scheme: 

QPSK SNR < 16 dB 
16 QAM 17 <= SNR <= 23 dB 
64 QAM SNR > 23 dB 

We made this conclusion in the following way: from 
Figure 4, there is no modulation scheme that gives us 
performance below 10^-3 at an SNR below 10 dB. So, 
we choose QPSK as it was the most robust modulation 
scheme. 

In the range of 10 to 17 dB, there was only one scheme 
that gives us our desired performance that was QPSK. In 
the range of 17 to 23 dB, 16 QAM gives us performance 
below 10^-3, at a better spectral efficiency. And for SNR 
higher than 23 dB, 64 QAM provides us our desired BER 
performance with the best spectral efficiency. 

Figure 5 shows the BER performance under different 
channel SNR for a given number of users with M-ary 
MHPM as modulation technique. This figure also shows 
that the performance of the system degrades with the 
increase in the number of users due to multipath inter-
ference. The adaptive modulation with MC-CDMA tech-
nique gives a better BER performance as shown by green 
line. 

5. Conclusion and Future Scope 

In this paper we studied various adaptive modulated 
MC-CDMA systems in Rayleigh fading channel. The 
digital modulation schemes considered in our thesis are 
M-ary PSK, M-ary QAM, M-ary MHPM, M-ary CPM, 
and GMSK with varying bit-duration-bandwidth product. 
The results of our study of the adaptive modulated sys-
tems clearly show that the dynamic switching of the 
modulation orders can enhance the system performance 
and capacity per given bandwidth with the expected BER 
performance. With the adaptive modulation based systems, 
 

 

Figure 4. BER performances for different modulation scheme. 
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Figure 5. Comparison of overall performance of a system 
with adaptive modulated MC-CDMA system and M-ary 
MHPM in Rayleigh fading channel at CSNR = 15 dB. 
 
the bit rate per given bandwidth does not remain constant 
as in fixed modulation based systems but it varies ac- 
cording to the channel condition.  

We found that the system using M-ary MHPM modu-
lation technique shows the best performance among the 
considered modulation schemes. So an adaptive M-ary 
MHPM modulated MC-CDMA system is able to provide 
highly effective system in supporting high data rate ser-
vices with mobility in wireless networks, and takes sub-
stantial care for the inter-symbol interference generated 
due to multipath effect and provides adequate bandwidth 
for the intended services. 
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