36 ECTI TRANSACTIONS ON COMPUTER AND INFORMATION TECHNOLOGY VOL.8, NO.1 May 2014

Proposal of Channel Estimation Method for
ITS systems by using STBC MIMO-OFDM

Tanairat Mata', Member, Katsuhiro Naito?, Pisit Boonsrimuang?,

Kazuo Mori*, and Hideo Kobayashi®, Non-members

ABSTRACT

This paper proposes a new road-to-vehicle com-
munication system for the future ITS by using the
STBC MIMO-OFDM technique which can provide
the safety and comfortable driving, and collection of
variable information from the network in the real-
time to the users on the vehicle. To realize the pro-
posed STBC MIMO-OFDM system, it is required
to estimate the channel frequency response at ev-
ery symbol precisely in the time varying fading chan-
nel which is the typical operation conditions for the
roadto-vehicle communications system. In this paper,
we propose a novel channel estimation method by us-
ing the scattered pilots and null sub-carriers inserted
into the data sub-carriers both in the frequency and
time axes which enables the accurate channel esti-
mation even in the higher time varying fading chan-
nel. From the computer simulation results, this pa-
per demonstrates the effectiveness of proposed system
which can achieve the higher transmission data rate
with keeping the higher signal quality even under the
higher mobile ITS environments.
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1. INTRODUCTION

Intelligent Transport Systems (ITS) have been ex-
panding with the popularization of Electrical Toll
Collection System (ETC) and the Vehicle Informa-
tion communication Systems (VICS) which enable
the drivers for the safety and comfortable driving, and
collection of variable information from the network in
the real-time [1-3]. Various transmission techniques
for the communications systems in the ITS are cur-
rently studying in the various projects and some of
them have already been standardized in the ITS sys-
tems.
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From the above backgrounds, the ITS could be-
come an advanced information network systems for
the transportation infrastructures which are essential
to greatly improve our social activities and the quality
of our social life. The Communications systems for
the ITS can be classified into the road-to-vehicle com-
munication (RVC) and the vehicle-to-vehicle commu-
nication (VVC). The communication services through
the RVC has been investigated to provide various
kinds of information to the users on vehicles. In
the RVC, the received signal power at the vehicle de-
creases as increasing the distance from the base sta-
tions located along the road. The received signal is
also fluctuated in the short time period due to the
time varying multipath fading when the vehicles are
moving at high speed. These conditions cause the fa-
tal degradation of bit error rate (BER) performance
in the RVC. From this fact, the achievable transmis-
sion data rate in the current RVC is insufficient to
provide the mobile multimedia communications ser-
vices to the users on the vehicles.

The TEEE 802.11p is adopted as the standard
specifications for the VVC and RVC in the ITS
[4]. The IEEE 802.11p employs the Orthogonal Fre-
quency Division Multiplexing (OFDM) as the trans-
mission technique in the 5GHz band used by the
IEEE 802.11a. Although the OFDM technique can
achieve high signal quality in the multipath fading
channel, this standard is insufficient to achieve the
higher transmission data rate with the higher signal
quality especially in the higher time varying fading
channels which are typical operation environments in
the ITS.

To solve the above problems, this paper pro-
poses a new RVC system by using the STBC (Space
Time Block Coding) MIMO (Multiple Input Mul-
tiple Output)-OFDM [5-6] technique for the future
ITS which can provide the mobile multimedia com-
munications services to the users on the vehicle. To
realize the proposed STBC MIMO-OFDM systems,
the channel estimation method is required as the key
technique which enables the accurate channel esti-
mation at every symbol in the higher time varying
fading channels. This paper proposes a channel esti-
mation method by using the scattered pilot and null
sub-carriers which enables the demodulation of mul-
tiplexed signal encoded with the STBC. The pro-
posed STBC MIMO-OFDM system in conjunction
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Fig.1: Overview of proposed system model
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Fig.2: Block diagram of proposed STBC MIMO-
OFDM transceiver

with the proposed channel estimation method can
achieve higher transmission data rate with keeping
the higher signal quality even in the time varying fad-
ing channels.

This paper is organized as follows. Section 2 shows
the proposed STBC MIMO-OFDM system model,
and Section 3 proposes a channel estimation method
for the proposed system by using the scattered pilot
sub-carriers assignment method. Section 4 presents
the various computer simulation results to verify the
effectiveness of the proposed method as compared
with the conventional methods. Finally Section 5
draws some conclusions.

2. PROPOSED SYSTEM MODEL

Figure 1 shows the proposed STBC MIMO-OFDM
system model to be used in this paper. The vehicle
(MS) with two receiving antennas receives the OFDM
signals with STBC encoded by Alamounti scheme [5]
from both base stations (BS#1 and BS#2) located
along the road. The communication channel is mod-
elled by the Rician fading including one direct path
and several reflected paths which follows the Rayleigh
fading. In Fig.1, PL represents the propagation loss
between the BS and MS, 6 is the signal arrival angle
from the BS to the MS, and DD1 and DD2 are the
distances from the BS#1 and BS#2 to MS, respec-
tively.

Figure 2 shows the block diagram of proposed
STBC MIMO-OFDM transceiver. In Fig.2, D(m,n)
is the modulated information signal at the n-th sub-

carrier of m-th symbol in the frequency domain,
X(m,n) is the modulated signal after insertion of scat-
tered pilot signals, and Sy (m,n) and Sy(m,n) are
transmission signals from BS#1 and BS#2 which
are encoded by STBC. The STBC encoded signals
S1(m,n) and Ss(m,n) are converted to the time do-
main signal by using IFFT, and the guard interval
(GI) is added to avoid the inter-symbol-interference
(ISI). The time domain signal is transmitted to the
MS receiver through the Rician fading channel with
having the time impulse response h;; (m,k) at the k-
th time sampling of m-th symbol. At the receiver,
ri(m,k) and ro(m,k) including the additive white
Gaussian noise w(m,k) are received at the MS re-
ceiving antenna MS#1 and MS#2, respectively. The
received time domain signals are converted to the
frequency domain signal R;(m,n) and Rg(m,n) by
FFT after removing the GI. The received frequency
domain signal inputs to the channel estimator to
estimate the channel frequency response (CFR) for
I:L;j (m,n) which represents the channel response from
BS#i to MS#j link at the n-th sub-carrier of m-th
symbol. The received signal also inputs to the com-

biner to detect the modulated signals X (m,n) and
X (m—+1,n) at the n-th sub-carrier of m and (m+1)-
th symbols, respectively.

In the STBC MIMO-OFDM system with the
Alamounti coding, the modulated information data
X(m,n) is encoded into two signals S7 and S, as given
by the following equation;

Sl(man) = X(man)v
Sl(m+17n):_X*(m+l7n)v (1)
Sa(m,n) = X(m+1,n),
Sa(m +1,n) = X*(m,n).

To easily understand the process at the receiver,
we divide the processes into 4 parts as follows;

PART 1: Received Signal

The frequency domain received signal R;(m,n)
and Ry (m,n) at MS#1 and MS#2 can be given by;
At MS#1,

Ri(m,n) = Hy1(m,n)S1(m,n)
+H21<mvn)52(mvn)' (2)
Ri(m+1,n) = Hii(m+1,n)S1(m+ 1,n)
+H21(m + 1, n)SQ(m + 1, n)

At MS#2,

Ro(m,n) = Hia(m,n)S1(m,n)
+H22<mvn)52(mvn)' (3)
Ro(m +1,n) = Hia(m+1,n)S1(m + 1,n)
+H22(m + 1, n)SQ(m + ].7 n)

Substituting (1) into (2) and (3), they can be
rewritten by the following equation;
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At MS#1,

Rl(ma n) - Hll(ma n)X(m,n)
+H21(m,n)X(m—|— 1,’[7,). (4)
Ri(m+1,n)=—Hyy(m+1,n)X*(m+1,n)
+Ho(m+1,n)X*(m,n).

At MS#2,

Ry(m,n) = Hiz(m,n)X (m,n)
+H22(m,n)X(m—|— l,n). (5)
Ro(m+1,n) = —Hia(m+1,n)X*(m+1,n)
+Hao(m +1,n)X*(m,n).

PART 2: Channel Estimator
The details of the CFR estimation method is pro-
posed in Section 3.

PART 3: Combining Scheme

From (4) and (5), X(m,n) can be rewritten into
the following equations by using the CFR ﬁz‘j (m,n)
estimated in Part 2;
At MS#1,

Xnmsg1(m,n) = H?, (m,n)Ry(m,n)
+H21A(m + 1, TL)RT (m + 1, n)

Xuspr(m+1,n) = H3 (m,n)Ri(m,n)
—Hyy(m+1,n)Ri(m+1,n).

(6)

At MS#2,

Xarsga(m,n) = Hiy(m,n)Ry(m,n)
+H22A(m + ]-7 n)RS(m + L n)

XMS#Q(?’TL + 17”) - H;Q(m7n)R2(m7n)
—Hio(m+ 1,n)R5(m + 1,n).

(7)

From (6) and (7), we obtain the combined received
signals as follows;

X (m,n) = f[flgm,n)Rl (m,n)
+Hy(m+ 1L,n)Ri(m+1,n)
""_IE[E(mvn)RQ(mvn)

+H22(m + 1,n)R§(m + 1; TL)

(8)

X(m +1, n) = f{;l(ma n)Rl(m7 Tl)
—Hi(m+1,n)Ri(m + 1,n)
+]:]52(man)R2<m>n)
—Hias(m+1,n)R5(m + 1,n).

PART j: STBC decoding

The information data after the STBC decoding can
be given by;

(9)

ﬁ(m,n) _ d(m,n)X (m,n)—b(m,n) X (m+1,n)

a(m,n)d(m,n)—bi(m,n)ci(m,n) (10)
- _ a(m,n)X(m+1,n)—c(m,n)X(m,n)
D(m +1, ’I?,) - a(m,n)d(m,n)—b(m,n)c(m,n)
where
a(m,n) = A;(m,n) + A;11(m,n),
b(m,n) = B;(m,n) + Bijx1(m,n),
c(m,n) = Ciy(m,n) + Cij11(m,n),
d(mv n) =D, (m7 TL) + Di+1(m7 n)

~ 2 R 2
A;(m,n) = )Hli(m, n)l + )Hgi(m—l— 1,n)| ,
B;(m,n) = ﬂi‘i(mm)Hgi(m,n)

—ffﬁ-(m—i— 1,n)Ho;(m + 1,7n),
Ci(m,n) = Hy;(m,n)Hj;(m,n)

—Hyy(m+1,n)H;;(m+ 1,n),

A~ 2 N 2
Dy(m,n) = |Hi(m +1,m)| -+ |Hai(m, )

3. PROPOSAL OF CHANNEL ESTIMA-
TION METHOD

In this section, we propose the channel estima-
tion method for the proposed STBC MIMO-OFDM
system. Firstly, we define the Rician fading chan-
nel which consists of one direct path and several re-
flected paths which follows the Rayleigh distribution.
Secondly, we propose the scattered pilot and null sub-
carriers assignment method both in the frequency and
time axes which enables the estimation of CFR for
the multiplexed signal with STBC coding transmit-
ted from both BSs. Finally, we propose the CFR
estimation method by using the the Maximum Like-
lihood (ML) method in the frequency axis and the
cubic spline interpolation method which enables the
demodulation of received signal with the STBC cod-
ing.

3.1 Fading Channel Model

The channel impulse responses hy.(m, k) in the Ri-
cian Fading Channel between the t-th transmitting
antenna at the BS#t and the r-th receiving antenna
at the MS#r can be given by;

¥ B
hir(m, k) = 37 pyy (m) - 6(k — 1)
=1 (11)

G
pD(m) = 3° gy - ed2nfo coslpr)m
s=1

where t (=1,2) and r(=1,2) represent the Tz antenna
and Rz antenna numbers, ng is the channel impulse
response in the time domain between the ¢-th trans-
mitting antenna and the r-th receiving antenna for
the [-th delay path, NP is the number of delay paths,
s is the coefficient of scattered path for the s-th ar-
rival angle of [-th delay path, C; is the number of
scattered paths for the delay path [, and fp is the
maximum Doppler frequency spread at the speed of
the vehicle v (km/hr) in the radio frequency (f.).
By using (11), the time domain received signal
r1(m,k) and ro (m,k) at each receiving antenna at the
MS' can be given by;
At MS#1,

ri(m, k) = {h11(m, k) ® s1(m, k)} - PL1

+ {hon (m, k) @ $5(m, k)} - PL2 4wy (m, k). (2
At MS#2,
ro(m, k) = {h12(m, k) ® s1(m,k)} - PL1 (13)

+ {haa(m, k) @ sa(m,k)} - PL2 4+ wa(m, k).
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where ® denotes the convolution operation. Here,
the channel frequency response Hy,.(m,n) can be ob-
tained by converting the channel impulse response
given in (11) to the frequency domain by FFT which
is given by;

—j2r(l—1)(n—1)
N

(14)

NP )
Ht?“(ma n) = Z Ptr (m) e
=1

3.2 Scattered Pilot Sub-carrier Assignment
Method

From (14), it can be seen that the channel fre-
quency response under the high mobile environments
is required to estimate at every symbol for the fre-
quency domain equalization of received signal. From
this fact, this paper proposes three types of pilot sub-
carrier assignment methods to be used in the estima-
tion of channel frequency response. Figure 3 shows
the pilot sub-carriers assignment method for Type I
[7], Type II and Type III. In the figure, FIP and TIP
represent the interval of sub-carriers in the frequency
axis and interval of pilot symbols including the pi-
lot sub-carriers in the time axis. The followings are
the details for these three types of pilot sub-carriers
assignment methods.

Type I: As shown in Fig.3(a),every symbol in the
time axis includes the pilot sub-carriers and null sub-
carriers inserted into the data sub-carrier with the
interval of FIP in which the locations of all pilot sub-
carriers for the BS#1 are assigned by the null sub-
carriers for the BS#2 so as to avoid the collision of
pilot sub-carriers between the received signals at the
MS from BS#1 and BS#2. From this assignment
method, the MS can estimate the CFRs at the pilot
sub-carriers for both links from the BS#1 and BS#2,
separately. By using the estimated CFR at the pi-
lot sub-carriers, the CFR over the OFDM frequency
bandwidth can be estimated at every symbol based
on the ML method which is presented in Section 3.3.

Type II: As sown in Fig.3(b), consecutive two sym-
bols with the interval of TIP include both the pilot
and null sub-carriers or two null sub-carriers inserted
into the data sub-carrier with the interval of FIP.
The pilot sub-carriers assignment method for the pi-
lot symbols including both the pilot and null sub-
carriers with the interval TIP is the same as Type I.
The null sub-carriers for the pilot symbols including
only the null sub-carriers are assigned at the consecu-
tive two sub-carriers with the interval of FIP. All data
sub-carriers except the pilot and null sub-carriers are
encoded by the STBC over the consecutive two sym-
bols. The estimation of CFR both for the frequency
and time axes for the Type II is the same as the Type
1. Here it should be noted that the null sub-carrier is
assigned at the location of pilot sub-carrier in the first
pilot symbol within the consecutive two pilot symbols
from the reason that the consecutive two symbols are
encoded by the STBC.

Type IIT: As shown in Fig.3(c), the consecutive two
pilot symbols in which the pilot and null sub-carriers
assignment method are the same as the Type I, are
inserted into the data symbols with the interval of
TIP in order to improve the CFR estimation accu-
racy. From this assignment method, it is possible to
use the estimated CFR over the consecutive two pilot
symbols for improving the CFR estimation accuracy.

Table 1: Transmission Efficiency n (%)

Type Transmission Efficiency 1 (%)
1 50.0%
11 85.2%
IIT 85.2%

Table 1 shows the transmission efficiency 7 for the
above three types of pilot sub-carriers assignment
methods. In the evaluation, the FIP and TIP are
4 and 1 for Type I and 4 and 8 for Type II and Type
III. From the table, it can be observed that Type IT
and Type III show the higher transmission efficiency
than the Type I

3.3 Channel Estimation method

In the previous section, we propose three types of
scattered pilot sub-carriers assignment methods. In
this section, we propose the channel estimation (CE)
method by using the scattered pilot sub-carriers for
the STBC MIMO-OFDM system. The CFR can be
estimated in both the frequency and time axes sep-
arately. For the frequency axis, the CFR over the
OFDM frequency bandwidth can be estimated by ap-
plying the Maximum Likelihood (ML) method [7-9]
for the estimated CFR at the pilot sub-carriers. For
the time axis including the data symbols, the CFR
over one frame can be estimated by applying the
cubic spline interpolation method for the estimated
CFR over the OFDM frequency bandwidth at the pi-
lot symbols. In this section, the ML method for the
frequency axis and interpolation method for the time
axis are presented.

The time domain signals given in (12) and (13) are
converted to the frequency domain signals Ry (m,n)
and Rz (m,n) by FFT which can be expressed by the
following;

At MS#1,
Ri(m,n) = Hi1(m,n)S1(m,n)PL1 (15)
+Hai(m,n)Sa(m,n)PL2 + Wi(m,n).

At MS#2,
Ro(m,n) = Hiz(m,n)S1(m,n)PL1 (16)

+Hss(m,n)Sa(m,n)PL2 + Wy (m,n).

By dividing (15) and (16) by the known pilot
sub-carrier data, the CFRs Spy(mp(k),np1(i)) and
Spa(mp(k)np2(i)) at the location of pilot sub-
carriers can be estimated as follows;
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At MS#1,
- . m np1 (i (1)
Hyy (mp(k), nps (i) = 4(relneaO) L (par (mp(k)))
W (mp(k).mps (1)) | Har(mp(k), np.(i))
iy (mp (k). mpa(i)) = Ay (0 = g |53 [ R np(h)
21\MPK), P2(t)) = 5, tmp(k),np2(i)) T £ — m_ﬂ o (i) —
S};}?/E(ygz()k])g) lepg )z)) pig(mp(k)) =1 ll{ ‘6 g2m(l— 13\& pi(i)—1) }
Spa2(mp(k),np2(i))
At M5#2, P2 mp(k) = [ (mp(R)), e, 53 (m(R))|
Hia(mp(k) np1 (1)) = 520005
_ Wa(mp(k),npi1(3)) (19)
: oy ()
Hoa (mp(k), np2(0)) = 52 (s e (19
j%£(££%%3>5;§(13) Taking 0(19) /aA*(l (mp(k)) = 0 where (*) denotes
Sp2(mp(k),np2 (i) conjugate, (19) can be expressed by the following;
where the pilot symbol number mp(k) and pilot sub- NPi
carrier number np; (i) for the BS#1 and np; (i) for Z { Hor (mp(k), npe (7))
the BS#2 are given by; =1

(D) —j2n(1=1)(nps () —1)

pr(mp( ) -e N b (20

mp(k) = (k— )TIP+1if k=1~ L/TIP +1, No ol

np1(i) = (i — 1)FIP + 1, and Y e N ]=0
npo(i) = (i — 1)FIP +2if i =1~ N/FIP. =1
Since W7 and W5 are uncorrelated Gaussian variable From (20), it can be rewritten as following;
n (17) and (18), the ML solution of both equations NPi Ng 21 (npa (1) —1)(U—1)
comes into the minimum square error (MSE) opti- > > Hprompsga(mp(k), nps(i)) - € N
L . o i=1 =1
mization problem. To. estimate the CFR precisely, NPiNg Ng  2n(npe ()= 1)(I—11)
the number of guard interval length (Ng) must be = > 35 pur(mp(k))-e’ N .

taken by larger than NPi. The unknown parameters i=11=11=1

for the channel impulse response (CIR) pgr) (mp(k)) ,

where x is BS#1 or #2, can be obtained by; (21)
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Fig.4: Proposed CFR estimation method for Type
1

From (21), since the dependence from optimization
parameters P, (mp(k)) is linear in (21), its solution
can be realized by the Moore-Penrose generalized ma-
trix inversion which can be given by;

|2 mp k)] = £1D) o [Bmp(k), npo(0))]. (22)

where {;(mz(mp(k‘)} is the (Ngx1) matrix of the

D (mp(k), [B(mp(k), nps(3))] is the(Ngx1) matrix of
the R.(mp(k),np.(i))/Spz(mp(k), np,(4)),[D] is the
(NgxN) matrix of the exp(—j27 (np,(1)—1)(I=1l)/N).
1 denotes the Moore-Penrose inverse and e denotes
matrix multiplication. Because the matrix [D] de-
pends on the locations of pilot sub-carriers and they
are known at the receiver, the Moore-Penrose inverse
matrix can be calculated in advance at the receiver.
From this fact, the computation complexity for the
estimation of CFR can be reduced relatively. The fre-
quency channel response over the OFDM frequency
bandwidth can be obtained by converting the CIR
given in (22) to the frequency domain by FFT.

As for the estimation of CFR in the time axis, the
cubic spline interpolation method is applied to the
estimated CFR which is given by using ML method
as mentioned above. As for the Type III, the CFRs of
pilot symboly, and pilot symbolys with the interval
of TIP are estimated by performing two interpola-
tions separately as shown in Fig. 4. From Fig. 4,
it can be seen that the CFR for the pilot symbolu,
and pilot symbolyo are interpolated every mp(k) =
(k—1)TIP+1 and mp(k) = (k—1)TIP + 2, respec-
tively. Then ﬁijTP#l(m, n) and I:IinNTP#Q(m,n)
can be estimated for each interpolation. Where 7 and
j are the index of BS and the receiving antenna, and
INTP#1 and INTP#2 denote the interpolations 71
and 2, respectively. By using two estimated CFR,
the estimation accuracy of CFR can be improved by
taking the average of them which is given by,

ﬁij (m7 n)

— mean [HINTP#l(

' rINT P#2
1] Tl) +Hzg # (m,n)

(23)

_ Figure 5 shows the estimation results of CFR
H,;(m,n) which is given by (23). From the figure,
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Fig.5: Example of the average estimated signal

[flij(m,n)/ in (23)

it can be observed that the estimation accuracy of
CFR for the proposed method is better than those
of using HINTP#l(m,n) and ﬁijTP#2(m,n) sepa-
rately and the estimation accuracy for the proposed
estimation method given in (23) is closed to the ideal
CFR.

4. PERFORMANCE EVALUATION

This section presents the various computer simu-
lation results to select the best pilot sub-carriers as-
signment method and to verify the effectiveness of the
proposed STBS MIMO-OFDM system in conjunction
with the proposed CFR estimation method. The sim-
ulation parameters used in the following evaluations
are listed in Table 2

Figure 6 shows the CFR estimation accuracy for
three types of pilot sub-carriers assignment methods
as shown in Fig.3 when changing the distance from
both base stations BS#1 and BS#2 to the vehicle
(MS). In the figure, the normalized minimum mean
square error (NMSE) is employed in the evaluation
of estimation accuracy of CFR. From Fig.6, it can

Table 2: Simulation parameters

Information Parameter
Modulation for data sub-carriers 64QAM
Demodulation Coherent
Number of Sub-carriers (N) 128
Symbol Duration (Ts) 12.8uSec
Guard Interval Duration (Tsg) 1.2uSec

Number of Sample points in GI (Ng) 12

Modulation of Pilot sub-carriers QPSK
Interval of Pilot Symbol (TIP) 1,4,8,16
Interval of Pilot Sub-carrier (FIP) 1,4,8,16
OFDM Occupied Bandwidth (W) 10MHz
Radio Frequency (fc) 5.4GHz
Rician fading channel model

Rice Factor(K) 6dB
CNR at BS#1 and BS#2 50dB
Delay Profile Exponential
Decay Constant -1dB
Number of delay paths (NP) 4
Number of scattered paths (C}) 20




42 ECTI TRANSACTIONS ON COMPUTER AND INFORMATION TECHNOLOGY VOL.8, NO.1 May 2014

—A— Type Il
—{— Type 1

100

0 20 40 60 80
Distances from BS#1 and BS#2 to Vehicle (m)

Fig.6: The channel estimation accuracy for three
types of pilot sub-carriers assignments methods

be seen that the channel estimation accuracy of the
CFRs for the BS#1 to MS link and BS#2 to MS
link are degraded and improved, respectively, until
at the center of location between both base stations
(DD1 is 100m). It can be also observed that the
channel estimation accuracy of proposed Type III is
better than that for both Type I and Type II. From
these results and the transmission efficiency as shown
in Table 1, it can be concluded that the Type IIT
with the channel estimation method given in (23) is
the best pilot sub-carrier assignment method for the
proposed STBC MIMO-OFDM system.

In the following, we optimize the parameters for
the intervals of FIP and TIP under the typical RVC
environments. The selection of these parameters is
much dependent on the fading conditions which in-
cludes the number of delay paths and vehicle speed.
In this paper, we employ the Rician fading model
which is the typical operation conditions for the RVC.
The Rician fading model employed in this paper con-
sists of one direct path and 4 reflected paths which
follow the Rayleigh distribution. The vehicle speed
is considered in this paper up to 200km/h. Under
these operation conditions, we conduct the computer
simulations and decide the parameters of FIP and
TIP which can achieve the better estimation accu-
racy even under the higher mobile environments up
to 200km/h.

Figure 7 shows the channel estimation accuracy for
the proposed CFR estimation method with Type IIT
when the intervals of FIP are 4, 8, and 16, and the in-
terval of TIP is fixed by 8. In the figure, the channel
estimation accuracy is evaluated by the NMSE when
changing the speed of the vehicle (km/h). From the
figure, it can be observed that the estimation accu-
racy for the proposed method can achieve the better
performance when the FIP is 4 even at 200km/h ve-
hicle speed.

Figure 8 shows estimation accuracy for the pro-
posed CFR estimation method with Type III when
the intervals of TIP are 4, 8, and 16, and the interval
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Fig.7: Channel estimation accuracy for the proposed
Type III method (FIP= 4, 8 and 16, and TIP=8)
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Fig.8: Channel estimation accuracy for the proposed
Type III method (TIP = 4, 8 and 16, and FIP=4)

of FIP is fixed by 4 which is obtained from the re-
sults of Fig.7. From the figure, it can be seen that the
estimation accuracy can keep the better performance
when the interval of TIP is less than 8. From the
results in Figs.7 and 8, it can be concluded that the
proposed CFR estimation method by using Type IIT
can achieve the better estimation accuracy with keep-
ing the better transmission efficiency when FIP is 8
and FIP is 4 even under higher mobile environments.
The following evaluations for the BER performance
employs 8 and 4 for the intervals of TIP and FIP,
respectively.

Figure 9 shows the BER performance of the pro-
posed Type IIT method of using one and two receiving
antennas at the MS when changing the carrier-to-
noise ratio (CNR). In the simulation, the vehicle is
located at the center of two base stations (DD1 is
100m as shown in Fig.1) which corresponds to the
worst condition for the road-to-vehicle communica-
tion. The operation CNR is 50dB which is defined
at the right beneath of BS#1. The vehicle speed is
200km/h, and the FIP and TIP intervals are 4 and
8, respectively. The conventional-OFDM employs the
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Single Frequency Network technique (SFN) [10] in
which both base stations transmit the same OFDM
data information and the MS can demodulates the
data information correctly from the multiplexed re-
ceived signal when the maximum delay time deference
for two received signals from the BS#1 and BS#2 is
within the guard interval length Ng. The SFN tech-
nique is employed in the terrestrial digital TV sys-
tem of using OFDM method. In the figure, the BER
performances for both conventional-OFDM with and
without the Mazimum Ratio Combining (MRC) [11]
technique are also shown as for the purpose of com-
parison with the proposed method. From the figure,
it can be observed that the proposed method with
2x2 antennas shows much better BER performance
than that for the conventional OFDM of using SEN
and MRC techniques.

Figure 10 shows the BER performance of the pro-

posed method of using one and two receiving an-
tennas at the MS when changing the distance from
BS#1 to the MS. In the simulation, the opera-
tion CNR is 50dB which is defined at the right be-
neath of BS#1 and the vehicle speed is 200km/h.
In the figure, the BER performances for the con-
ventional OFDM method of using SFN and MRC
techniques, and the proposed method when assum-
ing the H(m,n)=H(m+1,n) are also shown. From
the figure, it can be observed that the proposed
method with two receiving antennas shows much bet-
ter BER performance than the other methods espe-
cially when the vehicle is located at the center of two
base stations (DD is 100m) which corresponds to
the worst case in the road to vehicle communica-
tions. The BER performance of proposed method
when assuming H(m,n)=H(m+1,n) is worse than the
conventional OFDM methods. From these results,
the channel estimation is required at every symbol
for the proposed STBC MIMO-OFDM system under
higher mobile environments. From these results, it
can be concluded that the proposed STBC MIMO-
OFDM method with the pilot sub-carriers assignment
method of Type III has a big advantage on the road to
vehicle communication systems (RVCs) because the
higher transmission data rate with better BER per-
formance can be achieved at any place of vehicle be-
tween two base stations.

5. CONCLUSIONS

This paper proposed the new road-to-vehicle com-
munication system for the future ITS which can pro-
vide the mobile broadband multimedia wireless com-
munications. The salient features of the proposed
method are to employ the STBC MIMO-OFDM tech-
niques and channel estimation method of using the
scattered pilot sub-carriers both for the frequency
and time axes. From the various computer simulation
results, this paper demonstrated the effectiveness of
the proposed STBC MIMO-OFDM system with Type
IIT pilot sub-carriers assignment method even in the
higher time varying fading channel.
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