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Abstract- The reduction of power consumption in co-operativdtiuser OFDMA systems is a great challenge
in multipath environment. The power distribution arg multi users in relay path has more complexity
compared with direct path. To accomplish this camgbroblem, first we reduce Bit Error Rate (BER)ngs
subcarrier allocation during modulation so thataae reduce the interference among multiple usdrenwe
can amplify the signal .After that it leads to redypower distribution paving a good path for th@rovement

of resource allocation. For that purpose, we wittaduce a transceiver structure to reduce thefarence
between adjacent subcarriers. We investigate efigthihings under realistic conditions. We alsouatald the
performance of the signal-to-interference- nois® BINR) and also bit error rate (BER) by botlalysis and
simulation. Finally we compare the power consumpfio cooperative schemes to 16-QAM, 64-QAM, 128-
QAM and 256-QAM modulation techniques.

Key words- cooperative communication, OFDMA, subcarrier resewallocation algorithm, BER, SINR, 16-
QAM, 64-QAM,128-QAM,256-QAM.

1. INTRODUCTION

We always show the great concern to achieve goddplexing” in the remainder of this paper. Therefir
system throughput in wireless communicatiors important to investigate the feasibility of sahger
technology. The tendency of the current 3G systemsbased duplexing to determine the tradeoffs that may
to rapidly dissipate energy in the mobile devices d occur in the cooperative schemes in [8]-[12].

to the power hungry applications which is of greak small body of research has already proposed wsrio
concern considering the dependency of such devicesh-carrier based duplexing schemes [13]-
on batteries for their energy. We expect 4G devices[17].Although subcarrier based duplexing appears
future to be always connected supporting highea datossible in ideal OFDM systems, the orthogonality
rates and more power is required for multiple radiobetween different subcarriers is lost in realistic
We require many research issues to be addresseddmmunication systems due to the non-ideal
advance in these directions with motivation of sgvi characteristics of different subsystems (e.g.,Uesgy
power in wireless systems. Therefore we strongbffset of local oscillator, nonlinearity of power
propose cooperative networks in the recent past dmplifier, etc.) and these effects need to be adeik
provide power efficient wireless systems at th#® understand how the transmitting subcarriers will
expense of additional complexity and other overbeadnterfere with neighboring receiving subcarriers.

In this project, we present the cooperativéo perform this we make use of a transceiver atrect
communication techniques which are incorporatefiat utilizes baseband echo cancellation to suppres
with the OFDMA systems to reduce the powethe interference between the transmitting and
distribution among multiple users. Our interess lie  receiving subcarriers. The performance of this
the performance of cooperative OFDMA systenmisansceiver is verified by analysis and computer
under subcarrier based duplexing and in partidhi@r simulation. This scheme is then incorporated i t
tradeoffs and limitations in realistic configurat®o cooperation strategy of [10] to investigate its
The difficulty of implementing the schemes in [8]-performance under realistic conditions. It is rdeda
[12] lies in the requirement that nodes are able tbat although the performance of the cooperative
transmit and receive at the same time using adjaceetwork is degraded due to the residual interfexrenc
subcarriers, which is referred to as “subcarrieselda imposed on the receiving subcarriers by the
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transmitting subcarriers, it still performs betted.2. Cooperative communication strategies
compared with conventional cooperation schemes.

To enable cooperation among users, different netpyi
1.1. Cooperative communication techniques could be employed depending on the

relative user location, channel conditions, and
Wireless communication which is most functional itransceiver complexity. These are methods thandefi
terms of mobile access is currently a highly dereg@indhow data is processed at the relays before onward
communication technology. It has gone througtransmission to the destination. There are differen
several developmental phases since its inception types of cooperative communication strategies which
that it can meet to the ever changing needs afide would be outlined. These include the Amplify and
range of applications [18]. The biggest challenges Forward (AAF) and Decode and Forward (DAF)
the history of wireless communications which hastrategies [24].
induced considerable research for possible solsition
are the multipath fading, shadowing and path lo4s2.1. Amplify-and-forward strategy (AAF)
effects of wireless channel [22]. Random variatiohs
channel quality in time, frequency and space afhis is a simple cooperative signaling method where
caused by these effects. each user receives a noisy version of the signal
The method that involves the use of a single aHlansmitted by its partner amplifies it and retraits
purpose device to deploy network services resunltsto the base station. The base receives two
design complications which result in inefficieneusf independently faded versions of the signal and
battery power causing short battery life [24]. Usercombines them in order to make better decisions on
can ease off the load on the network and in tuinformation detection.
increase the capacity and battery life for theivickes
by cooperative communications in such situations.
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Fig.2. Amplify and forward strategy
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Fig.1.The relay channel Consider the case of a single relay. The simplest

This technique which was based on the analysikeof talgorithm described below divides transmissions int
capacity of a three- node network consisting of tvo blocks of equal duration, one block for therseu
source, a relay and a receiver has the assumgiaan transmission and one block for the relay transmissi

all nodes operate in the same band. Therefore ther the simplest algorithm, the source transiifk]
system could be decomposed into a broadcast charfieel k = 1, 2 ,.., n. The relay processes its
with respect to the source and a multipath acceggresponding received signglk] fork =1, 2 ,..., n,
channel with respect to the destination. The relap#d relays the information by transmitting
whole and sole purpose is to help main channehen Xk =BYk=n], k=n+Ln+2.. 2
work on the relay channel but in cooperative

communication, he total system resources are fix
and users act both as information sources and
relays. In spite of indisputability of the histalc

@)

efio remain within its power constraint, an amplifyin
r@?ay must use gain

importance of the first work on relay channel, rece P,
work in cooperation has taken a somewhat different Pr < \ AP B+ No
emphasis. ' )

Where the gain is allowed to depend upon the fading
coefficient As between the source and relay. The
destination processes its received sigfifd] for k =
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1, 2,...,2n by some form of diversity combiningtbé eliminate the delay caused to fully decode andgssc
two sub-blocks of Length n. it.
The main downfall of this method lies in the faeait
noise contained in the signal is amplified as vaell 2. SYSTEM M ODEL
is often used when the time delay, caused by tlag re
to decode and encode the message has to 2ok Architecture of a Transceiver
minimized or when there is limited computing
time/power available to the relay. It is necessary to concentrate on the effectsehtin-
ideal subsystem characteristics to overcome the
interference  between adjacent subcarriers. To
accomplish it we need to utilize special transaeive
This strategy follows that the relay station desotfe structure. So particularly in this work we introéua
received signal from the source node, re-encodestriansceiver structure is as shown in figure 4.
and forwards it to the destination station. Ithie most Especially this transceiver is mainly based on base
often preferred method to process data in the relbgind echo cancellation and also used to achieve ful
since there is no amplified noise in the signalt seduplex communication in wireless systems. For the
[20]. Again, consider the case of a single relalge T sake of easy to understand, it is explained in a
simplest algorithm described below again dividesaseband equivalent form. The block “l/Q errors”
transmissions into two blocks of equal duratione ordenotes the effects of 1/Q imbalance. The non-aline
block for the source transmission and one block feffects of the power amplifier and the nonlinearity
the relay transmission. For the simplest algoritthme, introduced by other steps is denoted by “PA”.
source transmit¥Jk] fork =1, 2,.. n. We use the output signal of the power amplifiemas
reference signal for echo cancellation in figurdt4ds
; obtained by attaching a coupler to the transmitter
MM MWW antenna and using another RF front-end to transform
it the acquired signal to base band samples. A finite
: impulse filter (FIR) is used to model the channel
a’\r UserB
$ %,
o %,

1.2.2. Decode-and-forward strategy (DAF)

Retransmitted
signal receiver antennas. The coefficients of these aatenn
are determined by channel estimation using the
received signal and the output signal of the power
amplifier. Then we generate and subtract a repica
the received near-end signal from the receivedasign

as shown in the figure 4. Using this approach aslow

Transmitted
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impulse response (CIR) between transmitter and
‘-'@ M’MN\(
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Channell
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Destination

the spurious signal components caused by tranégit |
imbalance and PA nonlinearity to be suppressed.

Note that in addition to the proposed approach,
nonlinear echo cancellation can also be applieoun
system. In summary, the underlying principle of the
The relay forms an estimatgk] by decoding its proposed transceiver is to utilize digital basebaciibo
corresponding received signélk] for k = 1, 2,....,n, cancellation to suppress the nonlinear signal
and relays a re-encoded versiontgik]. For example, components generated by transmitter 1/Q imbalance
the relay can implement repetition coding bwnd PA nonlinearity. The advantage of this approach
transmitting the signal is that it can be applied to wideband systems Iflgxi
N . and can explore advanced signal processing
X[k = Y palk—nl k=ntlnd,0n 3) techniques to improve the performance. In addition,

by using RF techniques to increase the isolation
Again, the destination processes its received Sigrpaetween the transmitter and receiver, the _recewed
YK| for k =1, 2,..., 2n by some form of diversitynear_'end signal is attenuated _such that the m_‘qmgt
ccd)mbining of tr’1e tywc; sub-blocks of length n nonlinear components resulting from quantization
Signals can be decoded by the relay completelys THiTOr and LO phase noise can also be reduced.
takes a lot of computing time and CPU bandwidth. A
error correcting code at the source makes it plassi
for received bit errors to be corrected at the yrel

station. In the absence of that, the relay canctlet OFDM systems due to the non-ideal charactesstic

errors in the received signal using a checksu t diff ¢ subsvst i itV of
Another implementation involves decoding and rg) ditferent subsystems (e.g., nonlinearity of powe

encoding the signal symbol by symbol so as t%mplifier, frequency offset of local oscillator gtc
resulting in signal leakage between subcarriers or

inter-carrier interference (ICl). When a user is

Fig.3. Decode and forward strategy

.2. Sub-system imper fections

he orthogonality between subcarriers is partikdit
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operating in subcarrier-based duplexing mode, due Therefore the received near-end signal does not
the enormous difference in the power of thexperience CFO.
transmitting signal and desired signal, the efeddCI However, the received far-end signal suffers from
on the receiving Sub-carriers could be significatte CFO because the signal is transmitted from another
subsystem imperfections that are important to carsi user which uses a different oscillator, and thifsedf
include carrier frequency offset (CFO), timeneeds to be compensated in the detection of the far
synchronization, quantization error of Analog/Dédit end signal since OFDM systems are sensitive to
Converter (ADC), nonlinearity of Power Amplifier frequency offset.
(PA), 1/Q imbalance and Phase Noise of Local
Oscillator (LO). Their effects on the performande @.2.4.1/Q Imbalance
subcarrier-based duplexing system are detailed as
follows. The effect of I/Q imbalance is modeled as

5'=as+ fs* (5)
2.2.1. Carrier frequency offset

here s represents the original signal, s’ is the
sulting signal andr and g are constants [21]. The
rm Bs= is a mirror image of the original signal and
ill cause ICI. Its power can be written as

When a user is operating in subcarrier-basq
duplexing mode, it is natural to use the same lo

oscillator for the up-conversion of the transmitte
signal and the down-conversion of the receivedadign

OFDM mod
1 ' =
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OFDM Pulse i
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Fig.4. Transceiver structure of proposed system
2.2.2. Time synchronization not overwhelmed by the quantization noise. Assuming

uniform, quantization noise is being used; the powe
For subcarrier-based duplexing and OFDMA systemsf quantization noise can be approximated by [19]
in order to maintain orthogonality between OFDM
symbols and between subcarriers, the signal regeive
from different users should be aligned to withir th
cyclic prefix so that the FFT window can be re
established properly. This issue can be addresgedWhere N, represents the resolution of ADC in bits V
coordinating the transmission time of each user aigithe peak voltage of s, which denotes the sitril
increasing the length of cyclic prefix. is being quantized.

Ps10 =v19Fs ©6)

2.2.3. Quantization error WherePsis the power input signal,

= B2 p2
In subcarrier-based duplexing systems, since the Yie 1’“] F
received near-end signal is much stronger thafiaihe Sincea is close to unity.
end signal, the ADC at the receiver side needsate h
sufficiently high resolution so that the far-engrsl is

Pay = V&
QN 3.4N1 @)

@)
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YW= { W T, [y T
2.2.5. Phase noise [Ves) *, Mor) 7] (13)

Phase noise occurs because oscillators cannotagenef "€ whole frame of transmit OFDM symbols is
pure sinusoidal waves with impulsive spectra. THenoted as

power of the nonlinear signal components induced by Y= [(YHT, (YT e, (Y)T]T (14)
LO phase noise can also be written as
P 57N = ypy Ps @) The near-end signal and far-end signal will be

received after each passes through a multipath
channel. Usingra(k), Pra(k), andp(K) to denote the

PA linearity becomes an important issue in wirelef@seband equivalent samplesieqk), ¥ra(k), and the
communication system design. Due to the nonlineHfceived signal£(t) in Fig.4) respectively, we have

effects of PA, the transmitting signal consistsoine
nonlinear signal components, whose power can lp(k)g J‘t&rll fos (H)_ej(mgmk}z{x:-& (1%, (k) + Tk)

written as (15)

2.2.6. PA nonlinearity

Pene = yyPs

) _
Where yy. may be obtained from the mathematicaf/herensl and¢l (I =0, 1, ...A — 1) represent the

model of PA or by comparing the input and OutlefnpuIse Response of the near-end channel and tr-en
signals of an actual PA. channel respectively and\ is the order of the

channels{(K) represents the thermal noise. The term
3. COOPERATIVE COMMUNICATION FOR €(wot+wk) models the CFO between the near-end user
ECHO CANCEL LATION and far-end user. Considering one frame of the
received samples, eq. (15) can be written in matrix
form as follows

p R Ep+ eidWe+{ (16)

3.1. Procedur e of echo cancellation

Baseband echo cancellation is carried out on agram

basis and its procedure is described as follow§ote that the frame of the near-end signal and the
Consider a node operating in subcarrier-basgéme of the far-end signal need to be synchronized
duplexing mode, we usérxandSkxto denote the set of 5, eq. (16) to be valid. The alignment of OFDM
transmitting subcarriers and receiving subcarrier§ymbo|S is achieved by coordinating the transmissio
respectively %rx and Skx are mutually exclusive). time of each user and increasing the length of the
Suppose there are in totdl OFDM symbols in each cyclic prefix. The procedure of echo cancellatisn i
frame. For thev-th OFDM symbol, we use'l= [u1", made up of 2 stages. In the first stage, the chdsne

uz", i ﬂé\}\IW]T- The t\iNmTe domain sampléSr  estimated based on the whole frame of near-end
W= X X » %] are obtained by applying yransmit samplesa(k) and received samples(k)
IFFT to w, i.e., Xotw = R4 uw , where the rf, n)-th using LS algorithm, i.e.,

entry of F is P .

fi=(EHE) 1z Hp
Frne = ¢V (m—1)(n-1 =1,2,..,N a7
[mn] ~ 7Rt (m-1)n-1l) mn=12..,

10
(10) An estimate of the near-end signal is then gengrate

The lastM samples ofXor w are then copied to the BY En and subtracted from(k). In the second stage,

beginning ofXor wto form the Cyclic Prefix (CP), and t_he far-end message is de_tected using the outngof
the OFDM modulator outputs. first stage echo cancellation, and used for geimgrat

an estimate of the far-end transmit sigia(k). Two

W= Tiwvw T [(¥w T]T
X7 ), Ko )] (11)  matrices¥ and® are then constructed frogh (k) and
Where the estimation of frequency offset, followinthe
R = [l prsq s o pgag seeeeeenaey x0T structure of ¥ and @ respectively. The near-end
o s : channel can then be estimated by
The whole frame of OFDM symbols can thus be .
written as ,f’.‘__ .l (AEAY AT,
X = [(XYT, (XYT e, (XW)T]T (12) = (18)

After passing through a pulse shaping filter anddA Where A is defined as A £[® ¥]. By taking the far-

X is converted linto an analog baseband sigfty end signal into account, the estimation precisibihe

which is subsequently up-converted and amplifieéd innear-end channel can be improved and thereforerbett

¢ea(t) for transmission (Fig. 4).Similarly, we canecho cancellation can be achieved.

define thew-th OFDM symbol of the far-end transmitAfter the cancellation, the far-end signal is d&tdc

signal as again and used for a new round of near-end channel
identification and echo cancellation. This procedisr

28



International Journal of Research in Advent Tecbgy| Vol.2, No.11, November 2014
E-ISSN: 2321-9637

repeated until a satisfactory suppression ratio and

output SINR is obtained. SINRsc.5= Parsc

OsetPensctPousctPassnsctPisagse
3.1.1. SINR of the 1% stage of echo cancellation (24)

In the first stage of echo cancellation, the neat-e By examining the denominators of (22) and (24), one
channel is estimated as follows may notice that the per-subcarrier SINR is mainly

e~ limited by 5 factors, i.e., the thermal noise,
hy= (X#X)1%%r = h+ Aha (19) quantization error, phase noise, PA nonlinearity an
Where transmitter 1/Q  imbalance. Compared  with
guantization error and LO phase noise, the output
SINR is less sensitive to PA nonlinearity and 1/Q
represents the channel estimation error. Therdf@e imbalance since the signal components resulting fro

Ahgr = {J?fo"]-lﬁ{— X h-Xenh+ Yg+z+Zo Rt ZrN)

resulting signal after echo cancellation is these effects are partially cancelled at the receiv
Sst = r - X, = Yg-Xaha1 X h-Rewh+z+zaretzen side. Moreover, there are also some conventional

(20)  tradeoffs and an important one is the choic&\Vdnd
Where L.

XAhst = XAhst + T Ah,, + fewhst + Tendhet + XiAhe + XigAh
o1 At # o8y * Hohet * Xonhlt* AudRa Rt 5y ) o MULATION RESULTS

By examining eq. (20) and eq. (21), we can see that this section, we incorporate the subcarrier-dase
the per-subcarrier SINR of the far-end signalnstied duplexing scheme investigated in the previous secti
by the last 5 terms in eq. (20) and the last 4 $eim into the cooperation strategy of [10] to investeyis

eq. (21).The effects aff; Ahst and XpnAhs: can be  performance. In particular we consider an OFDMA
ignored since their power is much smaller th&h system with 20MHz bandwidth and 512 subcarriers,
and Xenh, respectively. In the following we will i.e.,N=512. The CP length is chosen to be 64.
calculate the interference power caused by ther gthe

terms on the reCEiVing subcarriers. The téfimAhs1 Tab|e_1_C0mparison values of result ana|ysis
in eq. (21) represents the residue of the PA

nonlinearity -induced nonlinear components of negt= . :

end signal and the teriioAhsiin eq. (21) represents QAM Non DF(real) | DF(ideal)

. i ) _modulation | cooperative
the residue of the 1/Q imbalance induced compane " 6-0AM 0.0196 0.0119 00117

of the near-end signal. The termrenzin eq. (20)

denotes the nonlinear components of the near-angt QAM 0.0206 0.0129 0.0126
signal resulting from LO phase noise. Therefore thel28-QAM | 0.0228 0.0821 | 0.0215
per-subcarrier SINR after the 1st stage echd@56-QAM 0.0288 0.0923 0.0316

cancellation is
The pulse shaping filter is a Hanning windowed sinc
; function. A raised cosine filter with roll off famt of
OgsctPensctPousctPasnsctPasugsc 0.2 is used for pulse shaping. For simplicity no
(22)  convolution coding or data scrambling is applied.
nd ] Both the near-end and far-end channels are modeled
3.1.2. SINR of the 2™ stage of echo cancellation as multipath Rayleigh fading, with the path lossdelo
) ) ) ) ) .. and power delay profile (PDP). The isolation betwee
Since the far-end signal is taken into considenalio he transmitter and receiver is assumed to be 40dB,
the 24 stage of echo cancellation, the estimatiopich complements the baseband cancellation and can
precision of the near-end channel is |mproved. BYe achieved by the RF techniques as has been
assuming that the far-end message is detecigdcyssed. The carrier frequency offset between the
cor_rectl_y after sufficient iterations and neglegtrﬂne near-end and far-end transmitter is set to 10 KHz.
estimation error of the far-end channel, the editna The |/Q imbalance introduced in the up-convers®n i
error of the near-end channel is assumed to exhibit a fixed amplitude mismatch @& 1d
Ahep = (XFR)1 X (- X h-Texh+ ¥ g+ Vg +2+ 2aret 2] and fixed phase mismatch of 10 degrees between |
(23) branch and Q branch. A widely accepted solid-state
power amplifier (SSPA) model [27] is used to model
In the following, we will show that the term&h, the effect of PA nonlinearity, with an OBO value of
Xpnh, z,Zg,rxand 2nin (5.16) can be neglected. ThuslOdB. For each channel realization, we firstly assu

the frequency-domain SINR in the 2nd stage ecHerfect isolation between different subcarriers and
cancellation is written as obtain the optimal power and subcarrier allocation

strategy. The power and subcarrier assignmenteis th
incorporated into the simulation of the previous

Pfarse

SINRscsi=
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section to obtain the SINR values of the data sieea o J power consumplion vo bt retes.
from the source nodes to the relay nodes in tt TE e cooperation | oG E
realistic model. BN & .
Since these SINR values are lower than the ide& SN || dffealisticn | S T Y N S
values, we scale up the transmit power of the sour : \
nodes on the corresponding subcarriers by a fadtor
SNR/SINR to compensate for this loss. In this way
we can obtain the overall power consumption c
cooperative OFDMA systems under realistic
conditions. We firstly consider a two user case iehe
the base station and two users are placed along :
straight line. The above graph shows the performan R : ] ; . S

overall power consurnption

of cooperative communication in the case of usifg 1 - i i ‘ . i .

QAM modulation. Fig. 5 shows the results when th 1 2 3 ‘o8 B 7 8

data rate of user 1 and user 2 varies wille is fixed o

to be 50m. Fig.6. power consumption analysis in terms of 64-
QAM

. power consurmption vs bit rates

10 T T

~~~% -~ no cooperation 7
affudf

---¥-- dffrealistic)

By using fig.6, fig.7 and fig.8 we have observedtth
the transmission bit rate is increased and power
i consumption reduced by increasing the levels of QAM
T o P - modulation techniques as 64-QAM, 128-QAM and
I R S R g 256- QAM modulations. In each level of QAM

E modulation we have achieved the decrement in power

R T e e e e H et e o consumption for the DF cooperation under realistic
- conditions compared with the non cooperative

overall power consumption
Vo

o condition.

+ : ‘ : : : : powver consumption vs hit rates
; ; : H : : WD ———————— P ——— | S T
===+ -- no cooperation
! ! ! ! ! ! athaf
1 1 1 1 1 1 1 -- -4 -- dffideal)
! 2 3 4 . 5 B 7 S diirealistic)
bit rate T

T T

Fig.5. power consumption analysis in terms of 16-
QAM

It can be seen that the difference between the pow
consumption of DF cooperation in the ideal case ar
that in the realistic case increases with the data.
The reason is that the transmit power of user

1 increases with the data rate, therefore moi : ; ; : | ;
interference is generated to the data streams fisen - i i i i i i

2 to user 1, and user 2 needs to scale up itsntians bi rate ;
power in order to compensate for the SINR loss. A

the data rate increases, extra transmit power megjui Fig.7. power consumption analysis in terms of 128-

by user 2 also increases, thus the total pow@AM

consumption of optimal DF cooperation will finally

exceed that of AF&DF cooperation and that of nBYy using above comparison we investigated the sub
cooperation. However, it can be seen from Fig.5 theéarrier based duplexing in terms of different QAM
optimal DF cooperation is advantageous in moshef tmodulation techniques performance of cooperative
data rate region. communication OFDMA systems with. The BER can
So, to overcome this problem (i.e. the increasing 8lay an important role to decrease the power
extra transmit power required by the user 2) we usensumption. The relation between the BER and
the next levels of QAM modulations (64,128 an@ower consumption is that the interference among
256). The results which are obtained by usingulti users can increase the BER and decrease the
different flavours of QAM modulations is as shown i data rates then automatically the usage of power ca
below. From the below results we achieve a high ddficrease to transmit the messages. So, we need to
rates and gradual reduction in power consumptidfduce the bit error rate in the system. By indreps

which is caused by the extra usage of the second#§ bit rates, we can reduce the bit error rate the
users (user 2). can overcome this problem.

ov erall power consurnption
e
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power consurmnption vs bit rates
10 === T = - - | E R, T

---#-- no cooperation
affdf

-4 -- difideal)

-- difrealistic)

overall power consumption

bit rate w10

Fig.8. power consumption analysis in terms of 256-
QAM

of

perform the investigation we proposed a transceiver
structure so that the system tradeoffs and linoitesti
this
performance of the transceiver was evaluated bly bot
analysis and computer simulation and it was shown
that the non-ideal characteristics of subsystenis wi
limit the achievable SINR. From this observatiore w
obtained a good improvement in reduction of power
consumption particularly in relay network. To ackie
this, we use different levels of QAM modulation${1
QAM, 64-QAM, 128-QAM and 256). By using these
levels of QAM, we improved the data rates and
decrease the bit error rates. Finally, we compaited
these results by computer simulations.

Furthermore, to
cancellation, we can use low-order volterra filter
our proposed approach which involves a large number

approach could be understood. The

model the nonlinear echo

of coefficients that need to be identified. We edso
To increase the bit rate and decrease the bit eater US€ Adaptive echo cancellation instead of framedthas
we need to follow better modulation techniques nth&Ch0 cancellation which can track the changing

than conventional modulation techniques.

Bit errar probability curve for 16QAMBAQAMA 28/25860AM using OFDM
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Fig.9.Bit error probability for 16/64/128/256-QAM

channel response within each frame.
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