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ABSTRACT

Intelligence transport system (ITS) is the system which needs an effective cooperate
between local base stations, vehicles and other communication networks in order to create an
efficient communication and high-speed data transfer. Space-time block coding technique is
another way to improve ITS communication. Anyhow, space-time block coding seems to be a
correlated channel problem which reduces the system efficiency. The objective of this thesis is
to propose the transmission scheme by applying road to vehicle communication and inter-
vehicle communication with space-time block coding technique. It becomes this new
technique, which is called novel cooperative MIMO transmission scheme for ITS. This
technique is proposed to solve the correlated fading channel. The impact of path losses in inter-
vehicle communication and road to vehicle communication are investigated and discussed in
the text. As the result, the path loss and correlated fading channel have become the cause of

distorting the efficient communication.
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Abstract

Space-time block coding technique is another way to in-
crease high-speed data transfer rate in order to improve ITS
communication. Anyhow, space-time block coding seems to
be a correlated channel problem which reduces the system
efficiency. The objective of this paper is to propose the
transmission scheme by applying road to vehicle communica-
tion and inter-vehicle communication with space-time block
coding technique. It becomes this new technique, which is
called cooperative MIMO transmission scheme. The result can
reduces the impact from correlated channel and develop a
better ITS communication.

1. INTRODUCTION

In this century, communication has become one of the im-
portant parts of our lives. Efficiency and rapidity become
people’s most desirous because of worldwide communication
which plays important role in transportation field. Intelligence
: transport system (ITS) has become a center of transportation
control [1], [2]. ITS increases safety, security and efficiency
of transport systems and decreases an environmental impact.
Many countries have been planning and implementing some
ITS applications for developing cities such as traffic manage-
ment, traveler information, vehicle system, public transport,
emergency management, electronic payment and security-
safety. ITS technologies are real-time management system
between vehicles, ITS devices (traffic sign, ETC, sensor-
network) and users. A lot of variants in applications require
high-speed communication system, therefore high-speed data
transfer .rate is an important requirement for ITS.

Although ITS’s telecommunication has been developed in
the same way as mobile phone system (3G). The problem
of communication system efficiency still occurs, especially
between local base station and vehicle, named Road to Vehicle
Communication (RVC) [3], [4]. When vehicle moves close
to the local base station or obstruction or tunnel, bits error
rate (BER)’s value will increase. Therefore, space-time block
coding could be an altemmative, which follow the MIMO
principal by adding more antennas to the transmitter and the
receiver in order to increase channel diversity. Theoretically,
MIMO principal requires independent fading between the
channels. However, in practical, not only independent fading

was found, but also the correlated fading. Therefore, it is
necessary to analyze the efficiency of channel in correlated
fading environment.

Thus, this paper will present the solution to improve the sys-
tem performance under correlated fading by using new MIMO
transmission scheme, which can transmit signal between vehi-
cles. Because ITS not only creates the communicated between
vehicles and local base stations, but also the communication
between vehicles and vehicles, named Inter-Vehicle Commu-
nication (IVC). The IVC is used to send and receive signal,
which has lower correlated channel when compare between
RVC on different vehicles. The combination of less correlated
channel of IVC and space-time block coding technique is
called the cooperative MIMO transmission scheme. The result
can reduce an impact of correlated channel and develop ITS
communication.

2. COOPERATIVE MIMO COMMUNICATION

Space-time block coding technique is the method for reducing
the effect of multipath fading by the diversity technique. The
general approach is to use multiple antennas at the transmitter
and receiver to increase channels and diversity [5]. Also, the
receiver should perform combining or selection and switching
in order to improve the quality of the received signal.

In space-time block coding technique, the number of an-
tennas is increased at transmitter and receiver, which more
number of antenna should have better performance of signal
and diversity. However the cost, size and power of base station
and remote units should be concerned. In this paper the method
used are 1) 2 transmitter (Tx) antennas and 1 receiver (Rx)
antenna and 2) 2 Tx antennas and 2 Rx antennas.

Anyway, when using space-time block coding in channel
that has high correlation, the efficiency of signal would reduce
[6], [7]. In order to get better result, we need to use other
techniques combining along space-time block coding method.
Another technique that may improve communication efficiency
is a cooperative communication in wireless networks [8], [9].
It is the technique of sending information from the mobile A
to the base station and from the mobile A to the mobile B,
which will act as a repeater and pass the information to the
base station. In this technique, the base station will receive two
signals, which are difference-fading paths (see Fig. 1). On the
other hand, the mobile B sends the signal to base station and



i
S

-

=

TE)

‘\ J‘

A

Fig. 1: Cooperative communication between mobile A and mobile B.

also pass through the mobile A to the base station. Therefore,
the base station can detect those four signals to get the better
signal. From Fig. 1, there are full components for using the
space-time block coding which has 2Tx and 2Rx parameters.

The cooperative communication can depict transferring data
between mobile A and mobile B to vehicle 1 and vehicle 2
instead. Thus, it is become an IVC. Anyway, the difference
of mixing cooperative communication and space-time block
coding is receiver antennas, which separate in cach vehicle
(see Fig. 2.).

From Table 1 and Table 2, at time t, local base station
transmitted the s; signal from antenna 1 through channel hg to
vehicle 1 and through h; to vehicle 2, and transmitted s; signal
from antenna 2 through channel &; to vehicle 1 and through
hs to vehicle 2. Vehicle 1 receives ry signal while vehicle 2
receives ra signal. At time ¢+ 7', local base station transmitted
—s] signal and s; signal to both vehicles in the same channels
at time ¢. At the same time, vehicle 1 transmitted r( signal
to vehicle 2 and vehicle 2 transmitted r; signal to vehicle 1
by IVC, which in this paper assumed perfect synchronization
for all communication components. At time ¢ 4 27", vehicle 1
transmitted 7; signal to vehicle 2 and vehicle 2 transmits r3
signal to vehicle 1 by IVC. The received signals at vehicle 1
and vehicle 2 may be expressed as

ro =hgso + h1s; +ng
1 =—hos] + hysg+m
9 =hssg + has; + no
r3 = — has] + hzsj + ns (1)
After time t + 27T vehicles estimated channels, which in this
paper the perfect channel estimation is assumed. Therefore,
cach decoded by Equation (2)
sg =hjro + har] + h3ra + hars
51 =hlrg — hor] + hira — horj (2)
From Table 3 and Table 4, the transmission from vehicle

to local base station is similar to the transmission from local
base station to vehicles. At time ¢, vehicle 1 transmitted sq

64

TABLE 1: THE ENCODING AND TRANSMISSION SEQUENCE FOR 2
BRANCH TRANSMIT FROM LOCAL BASE STATION
Local base station transmitter | Antenna 1 | Antenna 2
Time ¢t S0 51
Time t + T —s5] 50

TABLE 2: THE RECEIVED SIGNALS AT 2 VEHICLES FROM ROAD VEHICLE
COMMUNICATION AND INTERVEHICLE COMMUNICATION

Vehicle RVC vC
Receiver Vehicle T [ Vehicle 2 | Vehicle T | Vehicle 2
Time ¢ To T2
Time t+T T T3 T2 To
Time t + 27T T3 71

TABLE 3: THE ENCODING AND TRANSMISSION SEQUENCE FOR 2 VEHI-
CLES

Vehicle RVC vC
Transmitter | Vehicle 1 | Vehicle 2 | Vehicle T | Vehicle 2

Time t S0 51 S0 51
Timet+T —8; EH

TABLE 4: THE RECEIVED SIGNALS AT LOCAL BASE STATION

Local base station receiver | Antenna | | Antenna 2
Time t o 2
Time t+ T 1 T3,

to local base station and vehicle 2 while vehicle 2 transmitted
s1 to local base station and vehicle 1. For time t + T, vehicle
1 transferred s, to —s} then sent to local base station, while
vehicle 2 transferred s to s; then sent to local base station as
well. Local base station 1s able to combine and decode data
to get sp and s;, result as same as the first method.

Form both ways transmissions, it shows that the trans-
mission from local base station to vehicle has more 1 step
(duration T") than the transmission from vehicle to local base
station. But, at ¢t + 27, local base station has ability to send
new signal to vehicle 1 and vehicle 2. Therefore, both ways
transmissions can transmitted with the same transferred rate.

3. SIMULATION RESULTS

We have tested by simulation the communication system, we
will generate signal and sent it pass through the channel to the
receiver. In this simulation, the Rayleigh fading channel with
additive white Gaussian noise (AWGN) are investigated. We
can calculate the result of coefficient correlation by [6]

1

— k cos(8—a) _
T lo(h) e , Be(—m, 7] (3)

p(6)
where

I, (k) the nth order modified Bessel function of first kind,

k the beamwidth,

« the angle that the average scattering direction makes

with the antenna direction.

Begin, we assume mobiles as vehicles, communication
between vehicles and local base stations will start to use space-
time block coding as show in Fig. 3.

From Fig. 3, shows the error of signals (BER) comparing to
SNR increment. We also notice that space-time block coding
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—+— no diversity(1 Tx, 1 Rx
—+— space-ime coding(2 Tx, 1 Rx)
—&— space-time coding(2 Tx, 2 Rx)

Average BER

SNR (dB)

Fig. 3: The BER performance comparison of no diversity communication and
space-time coding which has 1 Rx and 2 Rx per vehicle with independent
correlated fading channel.

T

—— no diversity(1 Tx, 1 Rx
—— space-ime coding(2 Tx, 1 Rx)
—8- space-ime coding(2 Tx 2 Rx)

Average BER
=

i
0 10 20 30

SNR (dB)

Fig. 4: The BER performance comparison of no diversity communication and

space-time coding which has 1 Rx and 2 Rx per vehicle with high correlated
fading channel.

Y

Local base station

no diversity{1 Tx, 1 Rx)

+- space-ime coding(2 Tx, 1 Rx)

_| —8— space-nme coding(2 Tx, 2 Rx)

—a— cooperative MIMO in 2 vehicles(2 Tx, 1 Ravehicle)

Tl

Average BER
=

SNR (dB)

Fig. 5: The BER performance comparison of no diversity communication,
space-time coding in 1 vehicle which has 1 Rx and 2 Rx per vehicle and
cooperative MIMO transmission scheme in 2 vehicles which have 1 Rx per
vehicle with high correlated fading channel.

with 2Tx and 1Rx method is better than no diversity. In
additional, 2Tx and 2Rx method is even better.

In addition, if we assume that a channel does not relative
with another one, correlated channel would be nearly zero.
However, practicality of correlated channel depends on many
variants such as the distance between antennas inside local
base station or vehicle and the distance between local base
station and vehicle [6], [7]. Anyhow, using space-time block
coding seem to be worse, especially when the value of
correlation channel is over 0.7 as show in Fig. 4.

From Fig. 4, shows the error of signals BER comparing to
SNR increment in channel, which this paper assume adjust
coefficient correlation up to 0.75-0.8. At BER 10~%, SNR of
both space-time block coding technique increase about 10 dB
because of correlated channel.

With this envelopment, we can modify this problem by
decreasing correlated channel. When we compare space-time
block coding technique (2Tx and 2Rx) with Fig. 2 (cooperative



MIMO transmission scheme), which separate antennas in each
vehicles. The channels hg and h; are RVC for vehicle 1 and
channels hs and h3 are RVC for vehicle 2. Also correlation
coefficient between hg and h; and correlation coefficient
between hy and hz about 0.75-0.8. But IVC has correlated
channel between channels hy and h; are independent to
channels hy and hg. The solution is same with method (1), (2).
Transmitted power also, half of power at each transmitter an-
tennas is sent out as same space-time block coding technique.
Therefore, the signal at receiver antennas should decrease to
1/4/2. The results show in Fig. 5

4. DISCUSSION

The difference between cooperative MIMO transmission
scheme and basic space-time block coding is signal decoding,
which cooperative MIMO transmission does not decode or
combine any signal. But, only pass signal by IVC and decode
after time t + 27T'. Next, we will discuss on other issues.

A. Benefit of Inter-Vehicle Communication

In present, IVC has not been used efficiency. However, if we
apply it with the cooperative MIMO transmission scheme, it
can make many benefits. At BER 10™*, the new transmission
scheme result can use SNR less than space-time coding
method, which has one receive antenna with 15 dB and two
receive antennas 10 dB. By applied this method, we can assure
higher efficiency and possibility of applying only one received
antenna. Compared with practical use for ITS, we will use
space-time block coding with one receive antenna on vehicle
while, local base station has 2 transmitter antennas.

However, when vehicle moves to non-coverage area, caused
by some obstructions or area that close or faraway from local
base station, the local base station will try to be in touch with
other vehicles, which passed by IVC. This method looks like
pilot signal when it initially contacts and it uses cooperative
MIMO transmission scheme.

B. Increasing Number of Vehicles

As the population grows, need for vehicles increases. Con-
sequently, IVC in cooperative MIMO transmission scheme
would certainly become more advantageous. Besides, this
method is more efficient and faster than IVC that acts like
repeater or network connector which causing vehicle nearby
local base station to undertake too much load and bit rate
also substantially decreases compared to cooperative MIMO
transmission scheme.

C. Decreasing Power in Transmitter and Receiver Antennas

Using cooperative MIMO transmission scheme at local base
station, that has 2 antennas but power still equals original,
which used one antenna. Because each antenna must consume
only 1/2. On the other hand, vehicle needs to send to only
one antenna and consume a half of original. Therefore, we
can save much energy that can be consumed by vehicles. In
addition, it can help for lowering the power consumption at
every local base stations and vehicles.

66

D. Required Estimate Channel for Decoding

From the cooperative MIMO transmission method which re-
quire channel estimation, we can see that actually vehicle 1
cannot estimate channel hy, hs and vehicle 2 cannot estimate
channel hg and hy. That mean this case if the local base station
sends signal to vehicles, both vehicles should send channel
estimation exchange to each other.

5. CONCLUSION

The combination between diversity and MIMO communica-
tion will increase the signal performance. At BER 1074, SNR
value of space-time block coding is 18dB lower than no
diversity. However, the result is decreased by 13dB from an
impact of correlated channel. On the other hand, when we
apply the space-time block coding technique with the cooper-
ative communication, called cooperative MIMO transmission
scheme, the result is decreased 3dB which dramatically better
than pervious techniques. Therefore, we might conclude that
the cooperative MIMO transmission scheme can lessen an
impact of correlated fading channel. However, there are other
variant, such as path loss result between RVC and IVC, that
we requires further studies and experimentations.
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Abstract— Intelligence transport system (ITS) is the system
which needs an effective cooperate between local base stations,
vehicles and other communication networks in order to create
an efficient communication and high-speed data transfer. The
cooperative MIMO transmission scheme for ITS is proposed to
solve the correlated fading channel. The impact of path losses in
inter-vehicle communication and road to vehicle communication
are investigated and discussed in the text. As the result, the path
loss and correlated fading channel have become the cause of
distorting the efficient communication.

I. INTRODUCTION

Nowadays the transportation is the important system for
our life. Intelligence transport system (ITS) has become a
control center of transportation. ITS increases safety, security
and efficient transport systems and decreases an environmental
impact. Many countries have been planning and implementing
some ITS applications for developing cities such as traf-
fic management, traveler information, vehicle system, public
transport, emergency management, clectronic payment and
security-safety. ITS technologies are real-time management
system between vehicles, ITS devices (traffic sign, ETC,
sensor-network) and users. A lot of variants in applications
require high-speed communication system, therefore high-
speed data transfer rate is an important requirement for ITS.
Most communication problems are found between local base
stations and vehicles.

Although ITS’s telecommunication has been developed in
the same way as mobile phone system (3G). The problem
of communication system efficiency still occurs, especially
between local base station and vehicle, named Road to Vehicle
Communication (RVC) [3], [4]. When vehicle moves close
to the local base station or obstruction or tunnel, bits error
rate (BER)’s value will increase. Therefore, space-time block
coding could be an alternative, which follow the MIMO
principal by adding more antennas to the transmitter and the
receiver in order to increase channel diversity. Theoretically,
MIMO principal requires independent fading between the
channels. However, in practical, not only independent fading

was found, but also the correlated fading. Therefore, it is
necessary to analyze the efficiency of channel in correlated
fading environment.

Thus, this paper will present the solution to improve the
system performance under correlated fading by using new
MIMO transmission scheme, which can transmit signal be-
tween vehicles. Because ITS not only creates the communi-
cated between vehicles and local base stations, but also the
communication between vehicles and vehicles, named Inter-
Vehicle Communication (IVC). The IVC is used to send and
receive signal, which has lower correlated fading channel when
compare between RVC on different vehicles. The combination
of less correlated fading channel of IVC and space-time block
coding technique is called the cooperative MIMO transmis-
sion scheme. The result can reduce an impact of correlated
fading channel but the impact of path loss in RVC and IVC
become the problem to reduce efficiency of cooperative MIMO
transmission scheme. This paper will shows the results of the
impact of path loss on the proposal system and discuss the
result. Anyway, the cooperative MIMO transmission scheme
need to improvement for developing ITS communication in
the future.

II. COOPERATIVE MIMO COMMUNICATION

Space-time block coding technique is the method for reduc-
ing the effect of multipath fading by the diversity technique.
The general approach is to use multiple antennas at the
transmitter and receiver to increase channels and diversity [5].
Also, the receiver should perform combining or selection and
switching in order to improve the quality of the received signal.

For space-time block coding technique, the number of
antennas is increased at transmitter and receiver, which more
number of antenna should have better performance of signal
and diversity. However, the cost, size and power of base
station and remote units should be concerned. In this paper, the
method used are 1) 2 transmitter (Tx) antennas and 1 receiver
(Rx) antenna and 2) 2 Tx antennas and 2 Rx antennas.



Anyway, when using space-time block coding in channel
that has high correlation, the efficiency of signal would reduce
[6], [7]. In order to get the better result, we need to use other
techniques combining along space-time block coding method.
Another technique that may improve communication efficiency
is a cooperative communication in wireless networks [8], [9].
It is the technique of sending information from the mobile A
to the base station and from the mobile A to the mobile B,
which will act as a repeater and pass the information to the
base station. In this technique, the base station will receive two
signals, which are difference-fading paths (see Fig. 1). On the
other hand, the mobile B sends the signal to base station and
also pass through the mobile A to the base station. Therefore,
the base station can detect those four signals to get the better
signal. From Fig. 1, there are full components for using the
space-time block coding which has 2Tx and 2Rx parameters.

The cooperative communication can depict transferring data
between mobile A and mobile B to vehicle 1 and vehicle 2
instead. Thus, it is become an IVC. Anyway, the difference
of mixing cooperative communication and space-time block
coding is receiver antennas, which separate in each vehicle
(see Fig. 2.).

From Table 1 and Table 2, at time t, local base station
transmitted the sy signal from antenna 1 through channel h to
vehicle | and through h; to vehicle 2, and transmitted s; signal
from antenna 2 through channel h; to vehicle 1 and through
hs to vehicle 2. Vehicle 1 receives rq signal while vehicle 2
receives rp signal. At time t+ 7", local base station transmitted
—s7 signal and s§ signal to both vehicles in the same channels
at time t. At the same time, vehicle 1 transmitted ro signal
to vehicle 2 and vehicle 2 transmitted 7, signal to vehicle 1
by IVC, which in this paper assumed perfect synchronization
for all communication components. At time t + 27", vehicle 1
transmitted 7, signal to vehicle 2 and vehicle 2 transmits 75
signal to vehicle 1 by IVC. The received signals at vehicle 1
and vehicle 2 may be expressed as

ro =hose + hys) +ng

1 =—hos] + hysg +m

T2 =hgsg + hasy + ng

T3 = — has] + hasj + n3 (1)

After time ¢+ 2T vehicles estimated channels, which in this
paper the perfect channel estimation is assumed. Therefore,
cach decoded by Equation (2)

sp =hgre + har] + hira + harj
s1 =hirg — hor] + hiro — horj (2)

From Table 3 and Table 4, the transmission from vehicle
to local base station is similar to the transmission from local
base station to vehicles. At time ¢, vehicle 1 transmitted sq
to local base station and vehicle 2 while vehicle 2 transmitted
s1 to local base station and vehicle 1. For time t 4+ 7', vehicle
| transferred s, to —s] then sent to local base station, while
vehicle 2 transferred sq to s3 then sent to local base station as

X}([ =<1

Fig. 1. Cooperative communication between mobile A and mobile B.

TABLE I
THE ENCODING AND TRANSMISSION SEQUENCE FOR 2 BRANCH
TRANSMIT FROM LOCAL BASE STATION

Local base station transmitter | Antenna 1 | Antenna 2
Time t S0 s1
Time t + T -5 50
TABLE 11

THE RECEIVED SIGNALS AT 2 VEHICLES FROM ROAD TO VEHICLE
COMMUNICATION AND INTER-VEHICLE COMMUNICATION

Vehicle RVC IVC
Receiver Vehicle T T Vehicle 2 | Vehicle T | Vehicle 2
Time t To T2
Time t + T 1 T3 T2 o
Time t + 2T T3 1
TABLE II1

THE ENCODING AND TRANSMISSION SEQUENCE FOR 2 VEHICLES

Vehicle RVC IVC
Transmitter | Vehicle T | Vehicle 2 | Vehicle T | Vehicle 2
Time t Sp s1 50 51

Time t + T -5 55
TABLE IV

THE RECEIVED SIGNALS AT LOCAL BASE STATION

Local base station receiver | Antenna 1 | Antenna 2
Time ¢ To r2
Time t + T 71 T3

well. Local base station is able to combine and decode data
to get sy and s;, result as same as the first method.

From both ways transmissions, it shows that the trans-
mission from local base station to vehicle has more 1 step
(duration T') than the transmission from vehicle to local base
station. But, at ¢ + 2T, local base station has ability to send
new signal to vehicle 1 and vehicle 2. Therefore, both ways
transmissions can transmitted with the same transferred rate.
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Fig. 2.

—+— space-ime coding(2 Tx,1 Rx)
—8- space-bme coding(2 Tx, 2 Rx)

Average BER

L
0 10 20 30 40 50
SNR (dB)

Fig. 3. The BER performance comparison of no diversity communication
and space-time coding which has 1 Rx and 2 Rx per vehicle with independent
correlated fading channel.

I1I. SIMULATION RESULTS

We have tested by simulation the communication system,
we will generate signal and sent it pass through the channel
to the receiver. In this simulation, the correlated Rayleigh
fading channel with additive white Gaussian noise (AWGN)
are investigated. We can calculate the result of coefficient
correlation by [6]

1

PO) = 5

ek:os(BAn)’ HE(—W, ‘?T], (3)
where

I, (k) the nth order modified Bessel function of first kind,

k the beamwidth,

o the angle that the average scattering direction makes

with the antenna direction.

Begin, we assume mobiles as vehicles, communication

between vehicles and local base stations will start to use space-

Y

Local base station

—— nodversi1 Tx, TR]
—s— gpace-time coding(2 Tx, 1 Rx)
—&- space-time coding{2 Tx 2 Rx)

Average BER
3

o i i R

0 10 20 30 40 50
SNR (dB)

Fig. 4. The BER performance comparison of no diversity communication and
space-time coding which has 1 Rx and 2 Rx per vehicle with high correlated
fading channel.

time block coding as show in Fig. 3.

From Fig. 3, shows the bits error rate (BER) of signals
comparing to SNR increment. We also notice that space-time
block coding with 2Tx and 1Rx method is better than no
diversity. In additional, 2Tx and 2Rx method is even better.

In addition, if we assume that a channel does not relative
with another one, correlated fading channel would be nearly
zero. However, practicality of correlated fading channel de-
pends on many variants such as the distance between antennas
inside local base station or vehicle and the distance between
local base station and vehicle [6], [7]. Anyhow, using space-
time block coding seem to be worse, especially when the value
of correlation coefficient is over 0.7 as show in Fig. 4.

From Fig. 4, shows the error of signals BER comparing to
SNR increment in channel, which this paper assume adjust
correlation coefficient up to 0.75-0.8. At BER 10~%, SNR of
both space-time block coding technique increase about 10 dB
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Fig. 5. The BER performance comparison of no diversity communication,
space-time coding in 1 vehicle which has 1 Rx and 2 Rx per vehicle and
cooperative MIMO transmission scheme in 2 vehicles which have 1 Rx per
vehicle with high correlated fading channel.

A e Er R, B
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A "T.""_‘i;‘_‘_' R ™
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Fig. 6. The BER performance comparison of varied SNR for vehicle 1 and
stable SNR for vehicle 1 at 15, 20, 25, 30 dB.

R

Average BER

Fig. 7. The BER performance comparnison of 1VC has perfect communication
and IVC has SNR 10, 20, 30, 40 dB.

because of correlated channel.

With this envelopment, we can modify this problem by
decreasing correlated fading channel. When we compare
space-time block coding technique (2Tx and 2Rx) with Fig.
2 (cooperative MIMO transmission scheme), which separate
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antennas in each vehicles. The channels hg and h; are RVC
for vehicle 1 and channels hy and hs are RVC for vehicle 2.
Also correlation coefficient between hy and h; and correlation
coefficient between hy and hy about 0.75-0.8. But IVC has
correlated fading channel between channels hy and h, are
independent to channels hy and hs. The solution is same
with method (1), (2). Transmitted power also, half of power at
each transmitter antennas is sent out as same space-time block
coding technique. Therefore, the signal at receiver antennas
should decrease to 1/+/2. The results show in Fig. 5

From Fig. 5, the result of cooperative MIMO transmission
scheme better than another but in practical vehicles are dif-
ferent location, that should have different impact of path loss
altogether in RVC and IVC. The impact of path loss for the
free space model in large-scale fading can calculate by [10]

GG )2
PL(dB) = —IDiog[W] (€))
where

(/y is the transmitter antenna gain,

(G, is the receiver antenna gain,

d is the distance between transmitter antenna and

receiver antenna in meters.

Path loss is one of the factors which reduces the signal in
that SNR value would get reverse variation with the path loss
value. If 2 vehicles are in different positions, the impact from
path loss will not similar. The result of vehicle 1 after having
SNR value adjusted from 0-50 dB comparing with the vehicle
having the SNR constant value at 15, 20, 25 and 30 dB; and
the vehicle 2 having SNR value adjusted from 0-50 dB, are
shown in the Fig. 6.

From Fig. 6, the vehicle having lower constant SNR value
will increase the BER value. The reduction and constant of
BER value will not be improved even when the SNR value
in vehicle 2 has been increased. Therefore, we can conclude
that the results of cooperative MIMO transmission scheme will
depend on the vehicle, which lowered value of SNR.

The impact of path loss can be found not only in RVC but
also in IVC, the practical which applied with the cooperative
MIMO transmission scheme would lead to the result in the
Fig. 7, which shows the effect of path loss on the system BER
for IVC. It can be observed that the system performance for
low SNR is decreased due to the higher BER. For the better
performance, therefore, SNR should be more than 30 dB.

IV. DISCUSSION

The difference between cooperative MIMO transmission
scheme and basic space-time block coding is signal decoding,
which cooperative MIMO transmission does not decode or
combine any signal. But, only pass signal by IVC and decode
after time ¢ + 27". On the other hand, the impact of path loss
in IVC, which do not decode, will more decrease the BER
when the SNR of IVC decrease. Next, we will discuss on
other issues.



A. Benefit of Inter-Vehicle Communication

In the present, IVC has not been used efficiency. However, if
we apply it with the cooperative MIMO transmission scheme,
it can make many benefits. At BER 10~*, the new transmission
scheme result can use SNR less than space-time coding
method, which has one receive antenna with 15 dB and two
receive antennas 10 dB. By applying this method, we can
assure higher efficiency and possibility of applying only one
received antenna. Compared with practical use for ITS, we
will use space-time block coding with one receive antenna on
vehicle while, local base station has 2 transmitter antennas.

However, when vehicle moves to non-coverage area, caused
by some obstructions or area that close or faraway from local
base station, the local base station will try to be in touch with
other vehicles, which passed by IVC. This method looks like
pilot signal when it initially contacts and it uses cooperative
MIMO transmission scheme.

B. Increasing Number of Vehicles

As the population grows, need for vehicles increases. Con-
sequently, IVC in cooperative MIMO transmission scheme
would certainly become more advantageous. Besides, this
method is more efficient and faster than IVC that acts like
repeater or network connector which causing vehicle nearby
local base station to undertake too much load and bit rate
also substantially decreases compared to cooperative MIMO
transmission scheme.

C. Decreasing Power in Transmitter and Receiver Antennas

Using cooperative MIMO transmission scheme at local base
station, that has 2 antennas but power still equals original,
which used one antenna. Because each antenna must consume
only 1/2. On the other hand, vehicle needs to send to only
one antenna and consume a half of original. Therefore, we
can save much cenergy that can be consumed by vehicles. In
addition, it can help for lowering the power consumption at
every local base stations and vehicles.

D. Required Estimate Channel for Decoding

From the cooperative MIMO transmission method which
require channel estimation, we can see that actually vehicle 1
cannot estimate channel hy, hy and vehicle 2 cannot estimate
channel hg and hsy. That mean this case if the local base station
sends signal to vehicles, both vehicles should send channel
estimation exchange to each other.

V. CONCLUSION

The combination between diversity and MIMO communi-
cation will increase the signal performance. At BER 104,
SNR value of space-time block coding is 18 dB lower than
no diversity. However, the result is decreased by 13 dB from
the impact of correlated fading channel. On the other hand,
when we apply the space-time block coding technique with
the cooperative communication, called cooperative MIMO
transmission scheme, the result is decreased 3 dB which
dramatically better than pervious techniques. Anyhow, the
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result with has impact of path loss in IVC will be decreased.
Therefore, we might conclude that the cooperative MIMO
transmission scheme can lessen the impact of correlated fading
channel but the connection precedence of this technique should
find the other vehicle, which has SNR between both vehicles
more than 30 dB.
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