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Abstract

This paper presents design and implementation of adaptive
modulation modem for WiMAX system. (BPSK, QPSK, 8QAM, 16QAM,
32QAM and 64QAM ) are used in this work. Software Defined Radio(SDR)
is used for implementing this modem. This work examines the benefits of
using adaptive modulation in terms of probability of bit error and spectral
efficiency. It specifically examines the performance enhancement made
possible by using linear prediction along with channel estimation in
conjunction with adaptive modulation. Simulation results proved that the
adaptive system performance with estimator and predictor is better than
other modulation alone. The simulation results for adaptive modulation in
compared to each modulation technique a one show that for BER=10" with
(fa=50Hz -200Hz)system the improvement occurs by decreasing S/N by 2-
3dB. As for BER=10" with same Doppler frequency, the system
improvement takes place by decreasing S/N by 1.3dB- 4dB. Recarding
BER=10" with same Doppler frequency, the improvement is by decreasing
S/N by 1.5dB-5 dB. Simulation results also show the flexibility of the
adaptive system to operate with different level of modulation based on
switching of S/N. Matlab7.8(R2009a) used for simulation of adaptive
modulation system with AWGN and fading channel.
Keywords: SDR, Adaptive modulation, Linear prediction, Estimation of

SNR, Fading.
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1. Introduction systemg[2]. Adaptive modulation is

Wireless communications has been used to overcome these limitations,
one of the fastest growing segmentsin where the modulation level, coding
the telecommunications industry. The rate, and other signal transmission
various advantages of 3G over 2G parameters are dynamically adapted to

such as higher data rate as well as the changing channd conditions
increased system capacity have been without sacrificing the probability of
major mativations to move to 3G[1]. bit error which have recently emerged
It is well known that the fundamental as powerful tools for increasing the
limitation of wireless systems is data rate and spectra efficiency and
congtituted by their time-variant have attracted considerable research
channel fading, which results in interests in the past decades [3].
dramatic fluctuations in signal to Adaptive modulation can increase

noise ratio (SNR).The traditiond average throughput, reduce required
wirdess systems are designed to transmit power, or reduce average
provide good transmission quality for probability of bit error by taking
the worst channel conditions. As a  advantages of favorable channel
result, signal to noise ratio that are conditions to send at higher data rates,
much larger than the target are at lower power and reducing the data
achieved over a large portion of the ~ rate as increasing power as the

coverage area and transmission time, channel  degrades[4]. To implement
which leads to inefficient utilization ~ such flexible adaptive modulation
of the full channel capacity. In processor, the Software Defined
addition, the integration of the voice Radio (SDR) technique is used. SDR
and data transmission has caused is a highly configurable hardware
different quality of service platform that provides the technology
requirements over wirdess  for realizing the rapidly expanding
4731
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third and fourth generation digita
wireless communication
infrastructure[5]. The software radio
technique dlows to describe radio
functionalities defined by software.
The possibility to define the typicd
functionalities of a radio interface by
software will be an excellent
opportunity to improve system
performance[ 6].

2. Adaptation Boundaries

The first step in adaptive modulation
modem is to define a way to select
which modulation scheme is best
suited for the present (or future in the
case of delayed feedback). SNR at
receiver is used[7] as a good channéd
metric to decide the selection(or
switching) of the modulation scheme.
The ranges of SIN (in the receiver)
will be used to select modulation
scheme (in the transmitter) based on
AWGN peformance for each
modulation scheme. Figure(1) shows
the typical BER variation with {S/N)
for different modulation schemes
BPSK, QPSK, 8QAM,
16QAM,32QAM and64QAM(8].

The probability of bit error

rate for different schemes of
modulation are given by [9]:
Poppsk = Uy 2Y (D)
Pygrse=Q+/ 2y ..(2
2(W-1) [ [3ylogzm
I;MQM-I_\Imlug!M [,\ M-1) :I (3)

where:
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¥ =issignal-to -noise ratio
@ = complementary error function

M is order of modulation.

The  Probability  Density
Function (PDF) of the fluctuations in
instantaneous received power X, in a

Rayleigh channel isgiven by[7]:
FixX) =?e~xp [;J vn(d)

where:

X is average signal power. For
any modulation scheme if Pz(S/N) is
the Gaussian BER performance, then
the upper bound for  the
BER performance in a Rayleigh
channel is given by[8]:

P, [%1 = [, P¢ [i].r:ﬁ_x,xmx

Therefore the upper bound BER
performance of an adaptive modulated
signad may be computed from:

r()-

% [J.!i! Pppsi G, Flx, X)dx +

2 J, Popsx(N) . Flx Xdx -

3 1, Pagusr (/). Flae, X)dle +

4% Prgga (S/N) .Flx, X) dx +

5 ,I'f; Ps204(S/N). F(x,X)dx +

6,I'!: Fosoan'SN) .Flx, X)dx] ... (€]
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where:

Ii: IEJISJI-{JIEJIGJI? are the

thresholds between transmission of
QPSK,8QAM, 16QAM, 32QAM and
64QAM.The throughput of the
adaptive modulation B is given by[7]:

B = Flx,X)dx+2 [,]F(x,X)dx+

Ay ds
3 J, Flx,X)dx+ 4, FlxX)dx+
5 ,l'!'!;‘ Flx,X)dx + 6 ,l'!': F(x,X)dx

where:

B is spectra efficiency of adaptive
modulation.

The BER performance of equation(7)
is simulated with switching leves
shown in Table(l) for PBER

1073,107%,1075,

3.SNR Estimation

There are several methods to
estimate signa to noise power
ratiof10]. The purpose of measuring
SNR isto get a more accurate view of
the channel state. The received and
demodulated signal will be corrupted
by both the Rayleigh channel and
receiver noise (whose statistics do not
change over short intervals). In
genera the Rayleigh fluctuations are
too quick to use for the adaptation, so
the god is to track (and adapt to)
shadow fading while averaging out
the Rayleigh fading[11]. The SNR
measurement approach is shown in
Figure(2). The received signa is
passed through a square-law envelope
detector and then amplified using a
linear or log amplifier[10]. Consider
both types of amplifiers, since the
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dtatistics of the Rayleigh fading are
simpler for a linear amplifier, while
the statistics of the log-normal fading
aresimpler for alog amplifier.
4.Channel Prediction

Adaptive modulation methods
depend on accurate channel state
information (CSl) that can be
estimated at the receiver and sent to
the transmitter via a feedback
channel[12]. This information would
allow the transmitter to choose the
appropriate transmitted signal. The
feedback delay and overhead,
processng delay and practica
constraints on modulation switching
rates have to be taken into account in
the performance analysis of adaptive
modulation methods. For very slowly
fading channel, CSl is sufficient for
reliable adaptive system design.
However, for rapidly time variant
fading that corresponds to readistic
mobile speeds, even smal delay will
cause significant degradation of
performance since channel variation
due to large Doppler shifts usually
results in a different channel at the
time of transmission than at the time
of channd estimation [2]. To redlize
the potential of adaptive transmission
methods, the channel state information

(CSl) is obtained by channd
prediction[13].
The idea behind channel

prediction is to use past and present
channel samples to predict future
samples. The implementation of
prediction scheme is for specific
purpose to expect the future power
level of the Rayleigh channel[14].
linear predictor is shown in figure(3).
Linear prediction is concerned with
egtimation of the next sasmplein terms
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of alinear combination of the current
and previous samples. FIR linear
predictor of order p-1isgiven by[15]:

—vE~1

Co = -i={ QiCn-j

.(8)

where:

q; are the linear prediction
filter coefficients, pis filter length.
c,is a predicted vaue based on

combination of p previous

observation €y—y, ..., €

rn—pr
5. Description of system model

Figure(4) shows the generd layout of
the proposed system.
Figure(5)represents the flow chart of
the designed system. The main parts
of the implemented proposed system
are-

1. Transmitter: The transmitter is

responsible for:

a. Generating the symbols of the
transmitted data which is transmitted
over awireless channel.

b. Selecting modulation schemes
based on S/N(which is edtimated in

the receiver). The modulation
schemes used in the proposed system
are BPSK,QPSK,

4QAM,8QAM,16QAM,32QAM,64Q
AM.

2. Channel: Mobile wireless channd
with AWGN and Rayleigh fading are
used in simul ation.

i=0,1,..,p—1
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3. Receiver which is responsible for
data reception and demodulation of
the received data Once, the data has
been demodulated, an estimate and
prediction of the received S/N then
feedback to the transmitter via the
feedback loop.

The design parameters of the system
are shown in table(2).

6. Description of the Designed
System components

6.1 Design of Digital Arm Filter

The digital arm filter is
designed by using the hamming
window for simplicity in designing
filters for | and Q channel. Lowpass
filter is used in order to remove the
high frequency components from the
output of multiplier. The two digital
arm filters in receiver must have the
same design to avoid jitter and the
order is not too high because that
means delay. This filter will be FIR
filter because it has linear frequency
response. This means no phase
distortion isintroduced into the signal
by the filter[15]. Table(3) shows the
parameters selected for the filter.

The transfer function is given by:
H(z)= X" h(n)Z?

Lip=0

The hamming window is given
by[16]:
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w(n) =0.54 + (}.45-::05:2%:)

where:

n=012 ....M-1 wn) is
the window function, hy{n) is the
desired impulse response of the
filter,f. is chosen proportional to

sampling rate, M isthe filter order.

6.2 Design of Estimation Circuit

The first stage of estimation
circuit is square low envelop detector
as shown in Figure(2). Squaring the
signa effectively demodulates the
input signal by using itsdf as the
carrier wave. The envelope can then
be extracted by keeping all the DC
low-frequency energy and eliminating
the high-frequency energy. The
second stage of estimation circuit is
amplifier(linear or non linear).

The third stage is RC low pass
filter whose cutoff frequency will be
very small in order to produce the DC
level. The type of selected modulation
is based on the value of SNR
estimated by this estimator. The
output of estimation unit is given by:

Vo = XE[J'J.L] [HRC] (11)
where:

v, is the output voltage level, %
isthe square input signal, A isthe gain
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of amplifier and Hg is the transfer
function of the feedback loop digita
filter. Table(4) shows the parameters
selected for the estimation circuit.

6.3 Linear predictor

Linear predictor is used to
predict the current value of the signd
based on the past samples. Linear
predictor is selected to reduce the
delay time taken for estimation and
time required to return the estimation
vaue to the transmitter[9]. The
predict signa is given by[15]:

Z(n+1) =31 w(k)x(n— k)

k=0
(12)

where:

wik)fork—0,1,2,..,p — 1 aethe
coefficients of the prediction(FIR)
filter, and p is prediction order.

ra=Rx *w

where:

w is the vector of filter coefficients ,
R¢ is p*p matrix of
autocorrdation, and gy is the vector
of cross-correlation between desired
signa and the observed signa. The
value of ryy is given by Wiener-Hopf
equations[15]:
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rax = rp(k+1)
...(14)
7. Simulation results
7.1 BPSK system simulation results

Figureq(6,7) show the
performance of BPSK system over
AWGN and Rayleigh fading
evaluated by plotting the Bit error
rate(BER) versus the (S/N) .

7.2 QPSK system smulation results

The performance of QPSK
system will be evaluated by plotting
the Bit error rate(BER) versus the

(SNR).  Figure(8) shows the
performance simulaion of QPSK over
AWGN. Figure(9) shows the

simulation performance of QPSK over
Rayleigh fading.

7.3 M-QAM system simulation
results

The performance of M-QAM
system will be evaluated by plotting
the Bit error rate(BER) versus the
(SNR) in the presence of AWGN and
Rayleigh fading for different val ues of
Doppler frequency.
Figures(10,11,12,13,14,15,16,17)
show the performance of 8QAM,
16QAM, 32Q0AM and 64QAM over
AWGN and Rayleigh fading.
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7.4 Simulation results of

Adaptive

modulation with estimation
and prediction
Figures(18,19,20,21,22,23) show the
results of bit error rate versus SNR for
(BPSK, QPSK, 8QAM, 16QAM,
32QAM, 64QAM) system
respectively where estimation and
prediction are used. These results
show the effectiveness of estimator
and predictor to improve the results by
degrading the required SNR for a
given BER. Figures(24,25,26)show
the variation of spectra efficiency of
adaptive modulation with estimation
and prediction for different values of
BER ( 10%10%10°). Simulation
results concide with the theoretical
results since the required BER is a
fixed value in channel and ided
edlimation in order to control switch
level of SNR.
7.5 Discussion of simulation results
1. Adaptive modulation improved the
power spectral efficiency if compared
with uniform modulation for specified
parameters. The simulated curves
coincide well with the theoretica
curves for different Doppler rates
attributed to the presence of estimator
and predictor so good spectrd
efficiency curves will be obtained.
2. Doppler frequency reduces the
system performance especialy at high
values either with modulations alone
or with adaptive modulation and
suffer lossesin BER. Thisleads to use
prediction.
3. Prediction improves the system
performance as compared with system
without prediction but prediction is
not affected too much at very high
Doppler frequency but system
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performance with prediction is better
than without prediction.
4. Finally, the results obtained from

the simulation prove that adaptive
modulation system was operated with
high accuracy and stabl e performance

8.Conclusions

The following points represent
the main conclusions obtained from
this work:-
1.The use of adaptive modulation
allows a wireless system to choose the
highest order modulation depending
on the SNR. Different order
modulations allow to send more hit
per symbol and thus achieve higher
datarate and better spectral efficiency.
2. Adaptive modulation is suggested
for WIiMAX sysem due to its
capability to satisfy the WiIMAX
requirements.

3. Simulation results show that in the
presence of fading, the system
degrades by 20dB for given BER if
compared to presence of AWGN.
However, this degradation in system
efficiency can be improved by using
adaptive modulation and keep BER in
the same level by selecting different
modulation (based on SNR estimation
for pre-defined target BER).

4.Channel egtimation with prediction
will improve the performance of
adaptive modulation. The system for
BER 10 will be improved by 2dB if
compared with system without
estimation.
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5. The system performance can be
improved by adding linear prediction
to avoid delay which is caused by
time to estimate the SNR of the
received signal and the time required
to return the estimated vaue to
transmitter.

6. Simulation results show that as
Doppler frequency increased up to
200Hz system, performance decreased
the required SNR by 1.5dB for BER
10° and 1dB for BER 10" and
1.5dB for BER 10 if compared with
system performance without estimator
and predictor.

7. Implementing this system by SDR
provides more flexibility with lower
cost and time. The work can be
extended by using FPGA with VHDL
language to store the software used in
this system.
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Table (1) Switching threshold levels

SNR thresholdsin dB

Modulation
schemes BER =103 BER = 107* BER=10"%
BPSK 5 SNR =6 6=SNR =8 7= 5NR=9
QPSK 6= SNR 11 8 =S5NR =12 9= SNR < 13
8QAM 11 = SNR =2 13 12 = SNR < 14 13 =SNR = 15
16QAM 13 = SNR =< 15 14 = SNR < 16 15 =SNR = 17
320AM 15 = SNR = 17 16 = SNR <19 17 =SNR = 20
64Q0AM SNR =17 SNR =19 SNR =20
Table(2) Design parametersgoals
parameter Selected types or comment
values
Modulation type BPSK, QPSK, BPSK and QPSK and MQAM is
4QAM,8QAM, implemented in this system to increase
16QAM,32QAM, data rate of transmission
64QAM

Channel Circuit contain Parameters of thiscircuit ischoiceto
estimator envelop detector , | provide the suitable output value that
amplifier, RCfilter | can heused by thenormal IF system
| F frequency 10MHz M oder ate frequency can beused to
implement SDR system
predicator Linear prediction Because itssimplicity and efficient
method to increase system efficiency.
Sampling 100MHz Thisvalueis selected for better
frequency simulation results
Datarate 20MHz Suitable datarate can be selected for IF
Thisvalueis compatible for WiM AX
Doppler 100HZz-200 Hz for f(2.5-2.7)GHz, vehicle speed
frequency 200K m/hour
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Table (3) Characteristics of Arm filter

Filter type L PF filter isused to remove high frequency
components from the output of PDF

Filter character FIR Becauseit isalinear phaseresponse, and
simplein thedesign

Bandwidth(BW) 20MHz

Filter window type Hamming window is used because of its simplicity
and for its accuracy

Filter order 15

Table (4) Characteristics of estimation cir cuit.

Envelope detector Squaring the input signal
amplifier Linear amplifier with gain=2
RC filter FIR digital filter with order=10
Bandwidth 100KHz

Table (5) Characteristics of linear predictor

Order of predictor 3
The coefficients of the predictor:-
w(0) 1
w(l) 0.4983
w(2) 0.3287
w(3) 0.220
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Figure (18) Comparison performance
between BPSK and overall system (with
estimator and predictor) for different
Doppler frequency
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Figure (19) Comparison performance
between QPSK and overall system (with
estimator and predictor) for different
Doppler frequency
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Figure (20) Comparison performance
between 8QAM and overall system (with
estimator and predictor) for different
Doppler frequency
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Figure (21) Comparison performance
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estimator and predictor) for different
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Figure (22) Comparison performance
between 32QAM and overall system (with
estimator and predictor) for different
Doppler frequency
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Figure (23) Comparison performance
between 64QAM and overall system (with
estimator and predictor) for different
Doppler frequency
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Figure (24) Spectral efficiency of adaptive

modulation with estimator and predictor
for target BER=10"
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for target BER=10" predictor for target BER=10"

4749

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

