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Abstract: - In high-speed mobile OFDM communication systems, the receiving characteristics are degraded badly
by channel time variation. Our solution is to rotate a circular array antenna so as to decrease the speed of the
receiving antenna relative to the ground. Moreover, the BER characteristics with the parameters of ISDB-T, which
are a standard of Japanese digital terrestrial television broadcasting, were used in prior research to evaluate the
performance of concept. Past studies indicated that the rotating circular array antenna is effective in high-speed
mobile OFDM communications. However, the composition of an OFDM receiver with rotating circular array
antenna was not fully elucidated. We conduct fundamental research on receiver construction.

In this paper, we evaluate the performance of the OFDM receiver with rotating circular array antenna, that employs
error correction decoding. Additionally, we improve the performance of rotation speed control method by using a
moving average filter. Simulation results show the effectiveness of the proposed method by using the parameters
of ISDB-T Mode3.
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1 Introduction tional techniques based on interpolation, the proposed
method physically reduces the effect of the channel
time-variation.

In order to put the rotating circular array antenna
into practical use, the following studies have been con-
ducted.

1. Simulations were conducted using parameters
characteristics of a practical OFDM system. The
BER (Bit Error Rate) characteristics with the
parameter of ISDB-T (Integrated Services Dig-
ital Broadcasting-Terrestrial) Mode3[6], which
are a standard of Japanese digital terrestrial tele-
vision broadcasting, were shown [7].

OFDM (Orthogonal Frequency Division Multiplexing)
offers efficient utilization of the frequency band, and
maintains good performance in multi-path environments
since a wideband signal is divided into a large number
of orthogonal narrow-band subcarriers[1]. This tech-
nique has been adopted in digital terrestrial television
broadcasting and broadband mobile wireless access
(WiIMAX etc). OFDM is expected to be a prime next-
generation mobile communications technology. Un-
fortunately, the transmission characteristics of high-
speed mobile OFDM communication systems are severely
degraded by the channel time-variation. Therefore,

accurate channel estimation that can match the time- 2. When the vehicle speed changes, the rotating
variation of the channel state is essential. Some chan- circular array antenna needs to keep the opti-
nel estimation methods based on pilot symbols have mum rotation speed. In order to solve this prob-
been proposed[2]-[4]. However, those techniques con- lem, we proposed a control method of the rotat-
tain the serious problem that channel estimation accu- ing circular array antenna. It uses the margin
racy falls as vehicle velocity increases. We have al- of MSE (Mean Square Error) of two successive
ready proposed a solution[5]. The proposal improves symbols[8].

the receiving characteristics by lowering the speed of
the receiving antenna relative to the ground by using a
rotating circular array antenna. Compared to conven-

From these studies, we confirmed that the rotating
circular array antenna improved the BER character-
istics in high-speed mobile OFDM communications.
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Figure 1: The receiving section of rotating antenna

They indicated that the rotating circular array antenna
was effective in high-speed mobile OFDM communi-
cations. However, the composition of OFDM receiver
using the rotating circular array antenna has been not
examined enough. To create a fully functional mobile
OFDM communication systems, this paper conducts
fundamental research on receiver construction. Chan-
nel coding with error correcting code is adopted to
improve mobile OFDM communication systems relia-
bility. However, because error correction was not con-
sidered in past research, we introduce error correction
decoding into the receiver. Additionally, we propose
a new method to control rotation speed. In the case
of the conventional approach, the performance of ro-
tation speed control method drops because MSE char-
acteristics are affected by AWGN and fading. In this
paper, we improve the performance of rotation speed
control method by using a moving average filter.

First of all, we confirm the effect of error cor-
rection from simulations based on the parameters of
ISDB-T Mode3. RS (Reed-Solomon) and convolu-
tion code (encoding ratio = 1/2, Viterbi decoding)
are adopted as error correcting codes. Moreover, the
required C/N, i.e. C/N that obtains the BER perfor-
mance of 2x1074[9], is examined. Simulation results
indicate that the required C/N is improved compared
to channel estimation based on pilot symbols. Then
simulation results show the effectiveness of the pro-
posed method to control rotation speed.

2 Rotating Circular Array Antenna
2.1 Construction of the Rotating Antenna

In this paper, we place n equally-spaced antenna ele-
ments on a circle. The section of 2W’T[rad] that rotates
5[rad] against the moving direction of the mobile is
defined as the receiving section (see Fig.1). The an-
tenna in this section receives the signal. When the
receiving antenna reaches Ps, the receiving antenna is
changed to the antenna at P;. This iterative process
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Figure 2: Receiver structure with rotating circular array
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Figure 4: The receiving model of a vehicle with rotating
antenna

yields physical compensation of the Doppler shift.
We assume that [; OFDM symbols are received

while the receiving antenna moves from P; to P3. A

frame is composed of [y symbols. [ is determined as;

)

l, =
! MRT,

where T, is OFDM symbol duration, and R is rota-
tion speed of the antenna. From (1), the frame length
is defined from the rotation speed, OFDM symbol du-
ration, and the number of antennas.

The rotation speed R[rps] (revolutions per sec-
ond) that minimizes the effect of Doppler shift at P»
is given as; RV @

27r
From (2), the rotation speed is defined from the mov-
ing speed of the vehicle v[km/h] and the radius of the
antenna r[m].

Fig.3 shows the frame structure. The pilot symbol
is placed at the head of the frame to compensates the
distortion of the following data symbol.

2.2 Doppler Frequency When Using a Rotat-
ing Antenna

When using a rotating circular array antenna in high-
speed mobile communication systems, the Doppler fre-
quency f;4(t) of the signal arriving from the direction
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of 6, relative to the moving direction of a vehicle is
given by

fa(t) = fpcosts + fa(t) 3)

where fp is the maximum Doppler frequency which
is written as v/ (A:wavelength of radio wave). f,(t)
is the time function of Doppler shift offered by the
rotating circular array antenna. f,(t) is calculated as
follows. The position of the antenna is given by

rcos(2m Rt + 6)
rsin(2w Rt + 6)

€T =
y =
where 6 is the initial phase of the antenna.
The speed of a tangent direction of the antenna
at (z,y) is defined as V,,. V, is given by V, and V,,
shown in Fig4.

“)
)

Va=/(Ve)? + (V)? (6)

Ve, Vy are defined by differentiating (4) and (5) with
respect to time ¢ as

Va —27 Rrsin(2w Rt + 6p)
Vy, = 2mRrcos(2mRt + 6y).

Using (7) and (8), f,(t) is given by

fa(t) =

(7
®)

2 cos(f, — 0s)

“(cos B, cos O + sin 0, sin 0)

Ve V,
(cos Hsva + sin HSVZ)

NSRS PSS

©)

where 6, is the angular difference between the rota-
tion direction of the rotating antenna and moving di-
rection of the vehicle. By substituting (7) and (8) into
(9), fa(t) can be written as

falt) = 20 (10

When using a rotating circular array antenna in mobile
communication systems, the Doppler shift imposed
on the arriving signal is given by

veosfs + 2rRrsin{fs, — (2nRt + 6p) }
fa(t) = 3

1
= 3 (VcosOs + V, sinby)

sin{0s — (27 Rt + 6y)} .

3 Control Rotation Speed of the An-
tenna

In mobile communication, the rotation speed of the

antenna should be changed since vehicle speed is not

constant. An iterative algorithm to estimate the opti-
mal rotation speed is introduced here.
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Table 1: Simulation parameters

Carrier frequency(f.) 473.142 MHz
Modulation 64QAM
Number of subcarriers(/V) 5617
Symbol duration(f—lo) 1008 118
Guard interval(T}) 126 us
Sub-carrier spacing( fo) 0.992 kHz
Number of antennas(n) 18

Table 2: Propagation model of GSM Typical Urban Area
’ Path Number \ 1 \ 2 \ 3 \ 4 \ 5 \ 6 ‘
Delay [us] 0210 |03 ]|14]21]|48
Power [dB] -3 0| -21]-61]-8]-10

—®—C/N = 40[dB]
—A— /N = 20[dB]

6 8 10 12 14 16 18
Rotation speed[rps]

Figure 5: BER vs. Rotation speed, v = 100[km/h]

3.1 BER vs. Rotation Speed

Fig.5 shows the relationship between BER and ro-
tation speed R[rps]. The simulation parameters are
listed in Tablel and Table2; v = 100[km/m], C/N
= 20, 40[dB], and number of antenna is 18. The BER
vs. rotation speed curve is convex downward regard-
less of mobile speed and C/N. The minimal value of
Fig.5 corresponds to the value obtained by entering
the radius (r = 0.36[m]) and vehicle speed (v =
100[km/h]) into (2). Thus, the rotation speed calcu-
lated from (2) is regarded as the value which minimize
BER.

3.2 Frame Construction

From (1), the number of received symbols, i.e. the
frame length, decreases as of the rotation speed in-
creases and vice versa. When the rotation speed in-
creases, pilot symbols might not be received. On the
other hand, several pilot symbols are received in a re-
ceiving section when the rotation speed decreases. If
we define the pilot symbol interval from the maximum
speed of the vehicle, the received signal will always
includes a pilot symbol. Fig.6 shows a frame con-
struction to control the rotation speed.
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Figure 7: MSE vs. Rotation speed, v = 100[km/h], C/N
— 40[dB]
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Figure 8: MSE after a moving average filtering

3.3 Algorithm to Control the Rotation Speed

When the vehicle speed changes, the rotating antenna
needs to keep the optimum rotation speed to decrease

the speed of the receiving antenna relative to the ground.

Since the rotating antenna is installed in mobile com-
munication systems, for example cars or trains and so
on, the mobile speed is given by speedometer. How-
ever, considering a convenience and general versatil-
ity to introduce the system, the optimum rotation speed
should be estimated automatically. Therefore, we pro-
pose a method which determines the optimum rota-
tion speed by the method of steepest descent since the
curve of BER vs. rotation speed is convex downwards
(see Fig.5). However, since it is difficult to calculate
BER in real systems, we employ MSE between before
and after demodulated symbols instead of BER. MSE
is defined as;

U( m)I’]
fZNZ X (k,1, Roy)

D(k,1, Rp)[* (12)
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where R,, is the rotation speed of the mth frame.
(N -1y) is the number of symbols in a received frame.
X(k,l, Ry,) indicates a symbol before demodulation.
This symbol is propagated by the Ith subcarriers in the
OFDM symbol. This OFDM symbol is received by
a rotating antenna with rotation speed R, at time k.
D(k,l, R,,) is the demodulated form of X (k,, R,).
Fig.7 shows the relationship between rotation speed
and MSE. The simulation parameters are listed in Ta-
ble 1; vehicle speed is 100[km/m] and C/N is 40[dB].
From Fig.7, relationship between the rotation speed
vs. MSE characteristic represents a convex downward.
Thus the optimum rotation speed can be estimated by
applying the method of steepest descent to the MSE
of the symbols before and after demodulation instead
of BER. The conventional method employs two rotat-
ing antennas to update the rotation speed. In order to
achieve the iterative algorithm with single rotating an-
tenna, we propose a new method which employs the
margin of MSE between two successive symbols. In
this situation, rotation speed R,,41 in the (m + 1)th
frame is determined as;

Rm+1=Rm—u<E[|e(Rm)2] —E[le(Rm—l)‘2]> (13)

Rm - Rm—l

where p is a step size parameter. In this algorithm,
the margin between MSE and one before 1 frame is
applied to determines the slope of the relationship be-
tween rotation speed and MSE.

However, Fig.7 is a averaged MSE characteris-
tics. Each characteristic is not a smooth character-
istic because of the influence of AWGN and fading.
Fig.8 shows the appearance to which the MSE char-
acteristics are smoothed with the moving average fil-
ter. In the proposed method, the MSE characteris-
tics are smoothed by maintaining the data of M-frame
in the buffer, and using M-point moving average fil-
ter. In this paper, we adopt three-point moving aver-
age filter. The stability of the system is maintained
by this technique in the condition of E [|e(Ry,)|?] <

E [le(Rm—3)|?].

3.4 Receiver Structure

Fig.9 shows a receiver structure that implements the
proposed method. Signal, received by rotating an-
tenna whose rotation speed is R,,,, is subjected to guard
interval removal, serial parallel conversion, and FFT.
Channel estimation based on the pilot symbols is then
performed at the equalizer, and distortion is compen-
sated. Compensated symbols are then demodulated.
The rotation speed is then updated by using the mar-
gin between MSE of the mth frame (E [|e(Rm)[%])
and one of the (m — 1)th frame which is held in buffer
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Figure 9: Receiver structure to control rotation speed

Table 3: Parameters of rotating antenna

Number of array elements(n) 18
Rotation speed(R) 12.25[rps]
Radius of antenna(r) 0.36[m]

(E [le(Rm-1)|?]) . In the case of E [le(Rm)[*] —
E [|e(Rm-1)|?] > 0, the MSE characteristics are smo-
othed by using three-point moving average filter.

4 Simulation
4.1 BER vs. C/N based on ISDB-T Mode3

In this section, we indicate the effect of the error cor-
rection from the simulation result with the parameters
of ISDB-T Mode3. The simulation parameters, taken
from ISDB-T Mode3, are listed in Table 1. The car-
rier frequency is 473.142[MHz], one of the broadcast-
ing channels of Japanese digital terrestrial television.
Moreover, vehicle speed is 100[km/m], and pilot sym-
bol interval is 4 symbols. This interval is adopted by
reference to a interval of scattered pilot symbols in
the time domain. Table 3 shows the parameters of
the rotating circular array antenna. The propagation
model is 6-path Rayleigh phasing transmission chan-
nel of GSM Typical Urban Area shown in Table 2.
This model approximates the mobile receiving char-
acteristics of UHF band in an urban area[10].

Fig.10 shows the BER vs. C/N characteristics.
When we focus only on the data for BER = 1073, RS
code improves the BER performance by about 1[{dB].
On the other hand, convolution code improves the BER
performance by about 9[dB]. Additionally, when the
outer and inner codes are RS code and convolution
code, respectively, the improvement in BER perfor-
mance is about 10[dB].

These results indicate that error correction does
improve the performance of an OFDM receiver with
rotating circular array antenna.

4.2 Evaluation based on the required C/N

The C/N that yields the BER performance of 2 x 10~4
is defined as the required C/N. If the required C/N
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Figure 10: BER vs. C/N based on parameters of ISDB-T
Mode3

Table 4: Required C/N[dB]

(Convolution code, Encoding ratio = 1/2)
[ | Required C/N[dB] (Convolution code)

Modulation Linear interpolation method Rotating antenna
QPSK 22 18
16QAM Error floor at BER = 2 x 10—3 26
64QAM Error floor at BER = 4 x 102 35

is achieved after Viterbi decoding, the BER perfor-
mance of 10~ 1! is obtained by RS decoding. The BER
performance of 107! is considered to be quasi-error
free. Even if the electric field strength drops, as long
as the required C/N is kept, it is possible to receive
digital terrestrial television broadcasts.

The simulation parameters and propagation model
are the same as in Section 3.1. QPSK, 16QAM, and
64QAM are considered as modulation schemes. The
performance of the interpolation estimation method
(linear) is shown for comparison. Each required C/N
is listed in Table 4. In the case of QPSK modulation,
the rotating circular array antenna improves the re-
quired C/N by 4[dB] compared to channel estimation
based on pilot symbols. When we focus on 16QAM
and 64QAM, the BER of the linear interpolation method
does not drop under 2 x 10~%. Therefore, it is ex-
tremely difficult for the linear interpolation method to
attain the required C/N.

These results confirm that the rotating circular ar-
ray antenna is superior to the linear interpolation method
as regards C/N performance.

4.3 Control the Rotation Speed

This section presents the computer simulation results
that validate the proposed algorithm. In this paper,
u, which yields better performance of the proposed
method, are calculated to show the effectiveness of
the proposed algorithm empirically. The simulation
parameters and a propagation model are the same as
Section 3.1. The number of antennas is 18.

Fig.11 and Fig.12 plot the convergence character-
istics when vehicle speed changes at a moment from
50[km/h] to 100[km/h]; the rotation speed should change
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Figure 11: Rotation speed vs. Number of frames, y =
0.1,2,15, n = 18, C/N = 40[dB]
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Figure 12: Rotation speed vs. Number of frames, ;1 =
3, n =18, C/N = 40[dB]

from 6.13[rps] to 12.25[rps]. The convergence char-
acteristics of the rotation speed vs. the number of
received frames with p values of 0.1,2, and 15 are
shown in Fig.11. In the case of u = 15, the rota-
tion speed has an overshooting response for the de-
sired rotation speed of 12.25[rps]. When the case of
w = 0.1, the rotation speed increases gradually over
20 frames. On the other hand, the rotation speed is
adequately estimated within 15 frames for p = 2.
Fig.12 shows the convergence characteristics of the
proposed method and a conventional method with p
values of 3. The convergence rate is improved by a
moving average filter compared with the conventional
method. From Fig.12, the rotation speed is estimated
within 10 frames. This means that the desired rota-
tion speed is calculated from 64.3 [msec] after the ve-
locity changes. Considering the performance of gen-
eral cars, the proposed method offers sufficient con-
vergence rate. These results indicate that the proposed
algorithm is effective in the tracking characteristics
for vehicle speed variation.

5 Conclusions

We confirmed the effect of error correction as part
of fundamental research on OFDM receiver construc-
tion. Simulation results indicated that error correc-
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tion does improve the performance of an OFDM re-
ceiver with rotating circular array antenna. Moreover,
we proposed the rotation speed control method using
moving average filter. Simulations proved that the
proposed method is effective in the tracking charac-
teristics for vehicle speed variation compared with the
conventional method.

Future work includes examining antenna charac-
teristics of the rotating circular array antenna with a
view to system implementation.
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