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Abstract— When the gain of a wireless repeater is larger than the
isolation between transmit and receive antennas of the repeater,
the feedback signal that comes into the receive antenna from the
transmit antenna of the repeater causes the repeater to go into
feedback oscillation regardless of the input signal. In this paper,
we propose adaptive equalizer and phase noise compensator in
order to effectively cancel feedback channel and phase noise in
wireless repeater system based on LTE-Advanced uplink system.
In a repeater system, the performance has got worse caused by
feedback channel and phase noise. Thus, the interference
cancellation system requires to removing the interference signal
in wireless repeater. In this paper, in order to cancel feedback
channel, we use adaptive equalizer such as NLMS and RLS. And,
in LTE-Advanced uplink standard, block type pilot is a common
pilot pattern in wireless communication systems. So the phase
noise compensator exploits block type pilot. Instead of estimating
phase noise in other algorithms, which are pretty difficult and
complex to get accurate estimation results, the proposed method
directly estimates the interference components caused by phase
noise and improves estimation accuracy. After that, we
reconstruct the interference matrix and suppress the
interferences by the inverse matrix method. BER performance of
proposed method is satisfied 12.5dB at 10,

Keywords—Phase noise, Feedback channel, Equalizer, Repeater,
LTE-Advanced.

I. INTRODUCTION

In order to meet ever increasing requirements on higher
wireless access data rate and better quality of service (QoS),
the Third Generation Partnership Project (3GPP) initiated its
Long Term Evolution (LTE) standardization work at the end
of 2004 and successfully completed this task at the end of
2007. Immediately after that, 3GPP started its LTE-Advanced
standardization process to address the requirements and
challenges of IMT-Advanced systems by considering a series
of new transmission technologies [1]. It is anticipated that
3GPP will submit this newly developed LTE-Advanced
standard as a candidate technical proposal for IMT Advanced
mobile systems.

When the gain of a wireless repeater is larger than the
isolation between transmit and receive antennas of the
repeater, the feedback signal that comes into the receive
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antenna from the transmit antenna of the repeater causes the
repeater to go into feedback oscillation regardless of the input
signal [2]-[6]. In a repeater system, the performance has get
worse caused by various effects such as phase noise, feedback
signal, IQ imbalance, carrier frequency offset, symbol timing
offset and more. But, in this paper, we just consider feedback
signal and phase noise. In the receiver side of wireless
repeater, it will receive reference signal from base station
which is ideal input of wireless repeater and the other is
feedback signal from transmitter side of repeater which is
amplified. Also, this feedback signal may have a multipath
signal. Therefore, wireless repeater will continuously receive
the interference from transmitter side of repeater. In this case,
repeater system may unstable due to feedback. Also, in
wireless repeater system, the phase noise effect can exist at up
and down converter of wireless repeater. In wireless repeater
system, if there are phase noise effects, the performance of
system will get worse. Thus, the interference cancellation
system is required in order to cancel the interference signal in
wireless repeater. In this paper, we consider a multipath
channel exists in feedback channel and identify the unknown
multipath channel by adaptive equalizer such as NLMS
(Normalized least mean square) and RLS (Recursive least
square). Also, we consider phase noise at wireless repeater
system.

Therefore, we propose adaptive equalizer and phase noise
compensator based on LTE-Advanced uplink system in order
to effectively cancel multipath feedback channel and phase
noise. The purpose is to effectively cancel feedback channel
and phase noise in wireless repeater by using adaptive
equalizer and phase noise compensator. Then, we analyze and
evaluate the performance of wireless repeater based on LTE-
Advanced uplink system. In order to cancel feedback channel,
we use adaptive equalizer such as NLMS and RLS. And, in
LTE-Advanced uplink standard, block type pilot is a common
pilot pattern in wireless communication systems. So the phase
noise compensator exploits block type pilot. Instead of
estimating phase noise in other algorithms, which are pretty
difficult and complex to get accurate estimation results, the
proposed method directly estimates the interference
components caused by phase noise and improves estimation
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accuracy. After that, we reconstruct the interference matrix and
suppress the interferences by the inverse matrix method.

yc(n):u(n)+2a,i(n—2',)+n(n)’ )
!
where ¢ is feedback gain, 7 is delay n(n) is AWGN. Since

. . ) the input signal is very small than feedback signal, o >1.
Figure 1 is the frame structure of LTE-Advanced uplink Figure 5 is signal compositions in time domain.
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Figure 1. The LTE-Advanced uplink frame structure.
Base Station
Feedback channel
Rx Antenna Tx Antenna - Subcarrier | | N- | | M- [ RF
Dec|5|on4— De-Mapping | |IDFT|" | FFT k Remove k Receiver
Channel <O
Equalizer Figure 3. Block diagram of wireless repeater system.
Unknown feedback channel
RF Receiver RF Transmitter
. Channel filter Delay
Figure 2. Structure of wireless repeater. h(n) 1 %
ye(n) ‘
. . x(n)
In order to estimate channel and compensate phase noise, i X, |
we use reference symbol such as block type pilot. Figure 2 is > o |G >
structure for wireless repeater. In this paper, we propose -
wireless repeater based on LTE-Advanced uplink system. In Figure 4. Feedback channel model for wireless repeater.
order to cancel interference, we adapt adaptive equalizer. At Feedback
wireless repeater system, if the phase noise exist, the - Signals
performance of this system will get worse. Figure 3 is block S?g"n“a[ ,
diagram of wireless repeater system. The phase noise is T Da‘ @
existed at RF transmitter and RF receiver among base station, .
mobile station and wireless repeater respectively. In this paper, oo f time
we just consider feedback signal and phase noise at wireless Figure 5. Signal compositions in time domain.
repeater. Therefore, we estimate unknown channel and
evaluate the performance of wireless repeater based on LTE- ILADAPTIVE EQUALIZER IN REPEATER SYSTEM
Advanced uplink system. Figure 3 is feedback channel model Unknown feedback channel
for wireless repeater. Equation (1) shqws the ideal case of Channel fiter | _ | Delay |
repeater system and figure 3 and equation (2), (3) shows the h(n) ky [?
feedback channel model for wireless repeater which is actual V()
. u(n) +Y :-;“-e-(;)““““: Phase Noise x(n
case . . . —>€ A : Compensator —>
In this paper, the feedback channel considers feedback gain N ---------l—--: C
and delay. In time domain, the input signal with feedback ) Delayi
signal is expressed as follows. o L
x(n) -G- u(n) , (1) i Adaptive Filter —|
. . . i i |
which G is a constant amplifier. ; ) |
Yp(n)=h(n)*x(n)+n(n), 2 Adaptive Equalizer
which _ ) N
h(n) = z a,-6(n~-1,) Figure 6. Block diagram of adaptive equalizer and phase noise compensator
! G for wireless repeater.
Through figure 4 we have x(;)= —.y(n) , especially
1-GH As we discussed previously, the interference effects of
when |H|= 1 exists, system becomes internally unstable. feeback signal may cause the distortion in repeater system due
G to existance of multipath feedback channel. Therefore, in this
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paper interfence cancellation system is implementd by
adaptive equalizer. There are many schemes and algorithms
for adaptive equalizer. But in this paper, we consider the
channel identifier algorithm in order to realize the unknown
channel inside repeater and by identifing the unknown channel
we can produce the feedback signal. The error of estimated
signal is as follows.
e(n)=i(n)-e”™ +y,(n)-*" -y, (n)
=i(n)- ™" + h(n)*x(n—k,)- e’ —w(n)*e(n—k,) .4

Consecuently, by producing the feedback signal we can
elliminate the interfernce effects in reciver sides of repeater.
Following figures 6 shows the channel identifier and adaptive
equalizer and phase noise compensator for wireless repeater
system. From figure 6 we have

1 H .
x(n)—{[1+G[:I ~G]/[l—m‘GJ}~u(n)

Fianlly by simpifying, it will be as fallowing equation (5).

G
A s 5)
x(n) ) (A ) u(n)

which H is unknwon multipath channel and H is FIR adaptive

equalizer which can be express in frequency domain as follws :

Unknown multipath feedback channel : g — Z - 770
!

Adaptive FIR equalizer : fj — z G-z
1

A. NLMS Adaptive Filter

An adaptive algorithm is a set of recursive equations used
to adjust the weight vector j,) automatically to minimize the

error signal e(n) such that the weight vector converges
iteratively to the optimum solution that corresponds to the
bottom of the performance surface, i.e. the minimum of MSE.
The least- mean- square (LMS) algorithm is the most widley
used among various adaptive algorithm because of its using
the negative gradient of the instantaneous squared error.
Accronding to figure 6, the LMS algorithm updates the
wheight vector as follows.

hy(n+1) = hy(n) — Ve’ (n) ©

~ oe*(n)  » ’

=)= 2 = ) =2ty
where u is the step size or convergence factor that determinse
the stability and the convergence rate of the algorithm. In the
case of Normilized LMS, the LMS algorithm normalizes the

step size with respect to the input signal power.
ﬁz(”“‘l):i‘z(”)_w’ 7
No;

where o = LE ¥ (n—1) and N is tap number.
T NIT
Step size is now bounded in the range of 0 to 2. It makes
the convergens rate independent of signal powerd by
normalizing the input vector with the energy of the input
signal in the adaptive equalizer.
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B. RLS Adaptive Filter

Unlike the NLMS algorithm that is derived from the
minimization of the expectation of squared error, the recursive
least-square (RLS) algorithm is derived from the minimization
of the sum of weighted least-square error which is expressed
as follows :

o)=Y A (n) (8)

where 1 is the forgetting factor and has a value less than and
close to 1. The forgetting factor weights the current error
heavier than the past error values to support filter operation in
nonstainary enviroments. Therefore, in the least-square
method, the weight vector is optimized base on the
observation starting from the first to the current time.
Therefore, RLS algotithm can be exprssed as following
equation.

hy(n+1) = h(n)+ g(n)e(n). ©)
where the updating vector is defimed as
__ (10)
& = T orn)
and
r(n)=A""P(n-1)x(n) (11)
where P(n) is the inverse correlation matrix of input data.
-1
P(n)=R"'(n)= (Z A" x(h)x" (1)) ’
=1
can be computed recursively as
P(n)=A""P(n—1)—g(n)r" (n)- (12)

IV.PHASE NOISE COMPENSATOR

Phase noise compensator

Construction
Pilot Block Pilot Block
Vector Matrix

Rl . R, 0, Oy

Extraction

R uction ICI
ICI Matrix  -» Compensation —»
by LS method

> ICl Vector —»|

Figure 7. Block diagram of phase noise compensator.

In this section, we propose a phase noise compensator,
which is based on block type pilot. The ICI components are
caused by phase noise. Instead of estimating phase noise,
which is fairly difficult to get accurate estimation results, we
estimate the ICI components directly from the received pilot
block. Then by reconstructing the ICI matrix, we can make
suppression to the interferences by inverse matrix method and
finally improve system performance. Figure 7 is block
diagram of phase noise compensator. We extract pilot block
vector, and construct pilot block matrix by using pilot block
vector. And then, we estimate ICI vector caused by phase
noise by using pilot block matrix. And we reconstruct ICI
matrix, and finally, we compensate ICI effects by LS method.
At the receiver, after removing the cyclic prefix and N-DFT,
we obtain the matrix expressed frequency domain signal
vector as

Y=Q, ‘R, +N, (13)
where RV:[R(),RI, ...,RN_]]T .

Feb, 19~22, 2012 ICACT2012



2 .

Ma, (X, -HY + ()" X;-H>), Tes, s the frequency
r=1

0, ies,

domain received signal distorted by channel characteristic,
and

R, =

QO QI QZ Q‘Vfl
0, 0 0 . 0. (14)
QM = sz Q—] Qo QN—}
Qf(w'—n Qf(N—2) Qf(lv—s) Qo
is the ICI matrix.
From the expression of Q;, we can see that
1 & (ke Nap(m) _ L & (27 (~k+&)n/ N+(n)+27n]
Q,k:fge’ " :*gé T 18)
1 N-1
— 72ej[Zf!((N—k)+€)n/N+¢(n)] — Qv,k
n=0
Then, the ICI matrix Qyg can be rewritten as
Q[) Ql QZ QNfl
0 0 O - Ous (16)

QM = Q,\uz QN—! Qn QN—}
o 0 0O .. 0
We can see that the ICI matrix is a circulant matrix with
only N different components. Then Eq. (12) can be written as

Qﬂ QI QZ QN*I 0
O O O - On||R (7)
Ovs R, |+N.

Y=QuRy+N=10, Oy, O

Q] QZ Q3 QU RN*I

We can treat Eq. (16) as an equations set and the N
components in @y, as the unknown values. If we can estimate
these N values by solving this equations set, the @), matrix can
be reconstructed and the interferences of phase noise can be
suppressed by multiply the inverse @ matrix with the
received signal.

Rewrite Eq. (16) as

Y=Q, R, +N=R,,-Q, +N

R, R R Ry, 9 (18)
R R, R .. R 9
=R, R R, .. R || 0O, |+N
Ry, R, R Ry, ]| Ova

The ICI vector Q,, which contains the N components in Qy,,
can be easily estimated from the received signal, since Ry, is
consisted of pilots, which are already known to the receiver.
Assuming the channel -characteristic has already been
estimated, we can calculate all components in matrix Ry, and
obtain the inverse data matrix R,,’. Thus, the ICI vector Qy
can be obtained by least square (LS) method.

Q, =(RY R, ) -RE.-Y. (19)

After that, the ICI matrix @), can be reconstructed from the
estimated Qy by very simple mapping process.

We assume that the phase noise is highly correlated during
the pilot block and the following data blocks. Since in wireless
communications, symbol period and frame size are usually
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very short, this assumption is feasible. Therefore, the
influence of phase noise on the data block can be easily
suppressed by least square method.

= -1
Ve =(Q Q) QU Y =R, +(Q4 Q) QN (20)
V. SIMULATION RESULTS
TABLE 1. SIMULATION PARAMETERS.
FFT size 128
Cyclic Prefix 32
Number of Subcarriers 128
Modulation 16QAM
Channel AWGN + Feedback channel
Phase noise variance 0.005, 0.01, 0.05

518

The table 1 is the simulation parameters for wireless repeater.
In this paper, we consider LTE-Advanced uplink system. In
order to evaluate the two different algorithms, we have
simulated for multipath feedback channel which is shown as
follows.

Case of feedback channel: 7, =1.85(n—10)+1.26(n—15) .

Figure 8 shows signal compositions of input signal and
feedback signal in time domain.
2

1 i . i ]
| ‘ —*— Input signal + Feedback signal ‘\
| T T T |

Normalized Power

Subcarrier Index

Figure 8. Signal compositions of input signal and feedback signal in time
domain.

For evaluation we used Normalized MSE method which is :

S (e (D=, ()
MSE =10log,, H———
PRy

As it is clear from simulation results the convergence speed
of RLS is faster than NLMS for both channels. This mean that
RLS adaptive equalizer is able to eilluminate the interference
which is amplifed transmitted multipath feedback signal. As
results, we can obtain more good performance compare to
NLMS algorithm. However, in actual case the multipath
feedback channel is more complicated and randomly created
and it may contain with nonlinearly change interval delay,
especially when user is in motion. Therefore, our future work
is to devise a faster algoritm in order to identify the random
multipath feedback channel. Figure 10 is BER performance of
adaptive equalizer and phase noise compensator in case of
16QAM. In figure 10, an AE means the adaptive equalizer,
and a PNC means the phase noise compensator. The dot line is
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case of without cancellation of feedback channel and phase
noise. And the 3 dash lines are after feedback channel
cancellation by using adaptive equalizer such as RLS. In this
result, the phase noise effects remain. The solid line of
pentagram marker is after compensation between feedback
channel and phase noise by adaptive equalizer and phase noise
compensator.
0

T T T T

MSE of RLS lambada 1=0.01

MSE of NLMS p=1.0
T T

MSE [dB]

Iteration

Figure 9. Comparison of NLMS and RLS.

AWGN (16QAM)
=]+ w/o AE + w/o PNC

=€~ W/ AE + wio PNC (PN-var=0.05)
--O- W/ AE + wlo PNC (PN-var=0.01)
--P—-- w/ AE + w/o PNC (PN-var=0.005)
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] ] ]
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Figure 10. BER performance of adaptive equalizer and phase

noise compensator (16QAM).
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