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Abstract: The antenna array could raise the performance of the wireless communication system. There
always exists certain error between the system theoretical output and actual output due to the system error.
Based on the minimum mean square error criterion, we introduce an antenna array calibration matrix which
could reduce the system error effectively.

Introduction

In the modern wireless mobile communication system, as the increasing of user amount, the system
performance decreased. The study on the antenna arrays shows that the introduction of antenna arrays could
improve the performance of the system, such as signal to noise ratio, system capacity, etc.[1.2]. For the
antenna array, the output signal is composed of signals from different array elements, and the corresponding
coefficients are dynamically changed.

For the uplink and downlink of the antenna array, with the surrounding environment changes, there exists
error inarray element coefficients, which may be caused by mutual coupling, temperature variation, electronic
component aging and so on. For the uplink and downlink transmit, the error in element coefficients is not the
same, The calibration for the uplink and downlink transmit antenna array must be done separately.[3].
Assumed that the error has been calibrated for the uplink weight vector, the array vector for the downlink
beamforming may be calibrated according to the array coefficients for uplink. It just need to calibrate the error
in the downlink vector. The calibration of the array coefficients could improve the quality of the
communication system, increase the system capacity and other aspects of the performance [4,5].

In this paper, the calibration of the array vector based on MMSE criterion is studied.

Problem description
Assumed that the antenna array has N elements, the interval between the array elements is one half of the

signal wavelength. For the signal with incident angle O , the ideal received signal is:
Xm == am(lm (l)

Where % is the channel gain, A is the steering vector for the direction of O .
In fact, the actual received signal should be:

Yn=BX,+e, )

B is the error matrix of N * N, & is the sum of the interference and noise. And WY Yl is the
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received signal corresponding to different incident direction 1 Ou} respectively. The calibration

matrixC is a matrix of N X N. Then
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S=2ICYn =%l
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Where *n is the estimated value of the ideal received signal to the estimated channel gain%n.

In order to obtain the optimal calibration matrix, the S should take the minimum value. And in other words,
the matrix C is solved based on minimum mean square error criterion. The optimal calibration matrix C could
make the S get a minimum value, where S is the mean square error of the estimated signal to the calibrated
receiving signal

Description of the calibration algorithm

In order to calibrate the array coefficients, based on the minimum criterion, a calibration matrix which
minimized the mean square error between the array output signal and the ideal signal.

Assumed Ciu is one estimated value of the channel© , and Zy =CitYn . The estimation of the channel

gain %m s :
a,=al'z, Ifa,|’ @)
Given two N * M matrix Xand Y ,
X= (&, %y, Xy ©)
Y:(yl!yzl"'rym) (6)
A new estimate value is obtained by solving the equation.
Ci—lY = X (7)
ie. C.= ()AOA(H )(YS(H )" (8)

In this paper, we use a neighbor base station antenna with corrected error free to calibrate the base station
antenna. For the calibration to the uplink channel, the adjacent base station transmits the reference signal. The
reference signal is received by the array elements in turn. Then the received signal is processed and the
calibration matrix of uplink channel obtained. For the downlink channel calibration, each array element is
transmitted to the reference signal, and the adjacent base station is received by the adjacent base station.

The proposed algorithm is applied to the calibration of the transmitter and receiver antenna array, and a
calibration matrix is obtained, which could directly compensate the error of the antenna array both on the
uplink and downlink channel.

Without loss of generality, assuming that the antenna array has N array elements, the interval between

array elements is A 12, the transmitted reference signal is P which with the incident angle 9 . For the
antenna array, the ideal steering vector is
V:[V11V2""’Vm1""VN] ©)

V. —e J*(m=1)* pi*sin(@)
m

\7:[‘71’\72’""‘7;11"“’%]

(10)

0 :,3 @ I(m=1)*pi*sin(0)+Ap) ﬂ . . A . . . .
m , ’m is the gain error, ™ is the direction error. Then the received the

where Vr
signal in array element M is

r.(t)=av,p,()+n,(t) (11)
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The channel estimation of the received signal by the array element M is

N ANGIEG
o (12)

*

Where S is the number of transmitted code, Vm is conjugate number ofm.

In the ideal case, the channel estimation of each element should be the same, but in fact he channel
estimation for different array element is not the same. For example, assumed the signal in the first array
element as the reference signal, the channel estimation of the array element M is compare to the first array
element, and the error of the array element M is solved:

Cm:aAl/aAm; m=1121”'!N (13)
In order to calibrate the error of the array, the calibration matrix is obtained:
¢ 0
C= .

Simulation results and analysis
In order to analysis the proposed algorithm, the simulation of the algorithm was made in the Matlab
platform. In the simulation, the calibration matrix is obtained according to Eq.8.

Without loss of generality, assumed M=4, A" =0.0001,the initial matrix Co is the N XN unit matrix.
Firstly to analysis the impact of the calibration matrix on the array output, assumed the symbol length is 160,
SNRis 20dB, N elements and the gain error is random uniform distribution between 0.9 ~ 1, the range of

direction error is 1’ ~120°, range respectively in the error rate. The relative error between ideal array
V-CV

beamfoming and the calibrated array beamforming is ”V” , which is shown in Fig.1.
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Fig.1. the influence of direction error on relative error
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Secondly, with the calibration matrix, we analysis the influence on the array output while the changing of

received signal’s SNR. Only the range of direction error is changed to —50° ~50° the other assumption just
as inthe previous case. In the simulation, the influence of calibration was studied. The relative error according
to the change of SNR was shown in Fig.2
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Fig.2. influence of SNR on relative error
In the simulation, the calibration matrix could effectively reduce the influence of the external factors. The
relative error between the array output and the ideal output could be reduced. The calibration matrix improves
the stability and accuracy of the system.

Conclusion

From the simulation and the analysis, it could be shown that the introduction of appropriate calibration
algorithm could improve the accuracy of the array signal. And the calibration algorithm improves the system's
signal to noise ratio, capacity performance and so on. In this paper, the calibration matrix was obtained based
onthe minimum mean square error criterion. The using of calibration matrix may reduce the error caused by
the mismatch of the system effectively and improve the signal quality in wireless communication.
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